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I. EXECUTIVE SUMMARY 

The draft "Water Quality Control Policy for Developing California's Clean Water Act 
Section 303(d) List" ("Draft Policy" or the "Policy") is a dangerously flawed document that 
requires significant changes to comport with sound technical, policy and legal rules and 
requirements. Prepared by a coalition of California's leading environmental organizations that 
collectively represent more than 200,000 Californians, the following comments detail these 
flaws. These comments reflect the work of more than half a dozen scientists, statisticians and 
other experts who collectively have decades of experience in water quality and statistics. 

Taken as a whole, the comments show that the State Water Resources Control Board 
(SWRCB) is being asked essentially to leap blindly from a precipice, taking the State of 
California on an unwise and illegal excursion that violates common sense, basic state and federal 
legal prescriptions, and fundamental scientific principles. The Draft Policy is opposed by 
essentially every key, non-discharger stakeholder in California, including those to whom 
deference is expected: U.S. EPA and the Regional Water Quality Control Boards (Regional 
Boards), who will be expected to implement this flawed directive. We, EPA (whose comments 
we attach) and the Regional Boards have pointed out a wide array of fundamental flaws with the 
Draft Policy, including the following: 

• 	 Typifying its approach, the Draft Policy first and foremost conspicuously fails to 
include "water quality protection" as one of its goals. 

• 	 The Draft Policy ignores the Legislature's express requirement that it utilize a 
"weight of evidence" approach, instead illegally substituting a far higher bar that has 
the effect of not listing numerous impaired waters. 

a 	 The Draft Policy is up to almost nearly 400 times more likely to fail to identify an 
actually impaired water than to accidentally list a "clean" water, an embedded bias 
that is flatly inconsistent with the Clean Water Act's intention that Section 303(d) 
serve as the Act's "safety net." 

• 	 The Draft Policy will almost certainly degrade water quality in California by 
admittedly removing waters now identified as impaired from the Section 303(d) List 
and reclassifying them as "clean" through statistical gymnastics. Yet, the Policy has 
been prepared without Clean Water Act anti-degradation analysis and is, in fact, 
inconsistent with this basic CWA provision. 

• 	 The Draft Policy is a recidivist violator of various "black letter" legal principles, 
including: 
o 	 the statutory and regulatory mandate to implement, not alter, water quality 

standards through the TMDL program; 
o 	 the statutory mandate to list "threatened waters"' 
o 	 the statutory mandate to list and develop TMDLs for all waters for which 

water quality standards will not be met, without regard to whether particular 
"pollutants" or "pollution" are at fault; 

o 	 the regulatory mandate to consider all "readily available" information; and 
o 	 the statutory mandate to complete TMDLs for all impaired waters, regardless 

of whether "enforceable programs" exist that relate to the impairment. 

• 	 The Draft Policy ignores state law, including CEQA, by failing to identify 
environmental impacts associated with its proposal to redefine impaired waters as 



"clean" and deny these waters and those who use them the protective benefits of the 
TMDL program. 
The Draft Policy's binomial model is too restrictive to consider many common and 
legitimate referents of impairment, including spatial distribution, ocular and other 
semi-quantitativeinformation, and relative degrees of WQS violations. 
The "alternative" listing method does not, as the Draft Policy promises, actually offer 
reasonable flexibility and professionaljudgment; instead, it offers the Regional 
Boards a straightjacket methodologythat fails to backstop the flaws in the Policy's 
primary statistical approach. 
The Functional Equivalent Document and actual Draft Policy differ in a number of 
key respects, creating significant confusion over what the Board intends the "real" 
policy to be (and thus creating logistical implementationnightmares). 
The U.S. EPA and the Regional Boards oppose the Draft Policy, and EPA has 
informed California that the proposal virtually guarantees that EPA will reject 
numerous elements of California's Section 303(d) list. Hence, the Policy, if adopted, 
will create a "train wreck" scenario in which California will invest millions of dollars 
in a listing process with no chance that EPA will accept it. In this regard, the Policy 
would constitute a clear and present waste of fiscal resources. 

In these ways and more, the Draft Policy requires a thorough revision in order to be 
consistent with state and federal law, including its implementing legislation at Water Code 9 
13191.3. Toward this end, environmentaladvocates have prepared precise suggestions that 
would result in an acceptablePolicy. Key attributes of the suggested approach include the 
following: 

9 Modify the SWRCB's preferred statistical model approach, making baseline 
assumptions that are more consistent with the letter and intent of the Clean Water Act 
and emphasizingthe statisticalmodel's role as a filter only, to be supported by a 
meaningful weight of evidence approach as a backstop. 

9 Recognize explicitly that any binomial approach has clear limits that require that it be 
inapplicableto certain pollutants, such as biologics and toxics. 

9 Allow best professionaljudgment to be exercised to a greater degree in a defined 
weight of evidence approach by creating sufficiently broad but clear guidance for its 
use. 

9 Permit all existing and readily available data and information to be considered in 
listing decisions, with data validity and quality acting as a secondary consideration 
rather than as an exclusion. 

9 Clarify and improve key rules and procedures governing interpretation of narrative 
water quality standards, sediment toxicity, recreational uses, bacteria, nutrients, and 
other matters, to comply with both legal and technical requirements and 
fundamentals. 

The Environmental Caucus, as well as EPA and the Regional Boards, have raised these 
concerns repeatedly to the Board since early last year. Unfortunately, virtually all of our major 
concerns remain unaddressed. We urge the Board to reject this flawed Policy and adopt instead 
the specific suggestions contained in these comments. 



11. BACKGROUND 

A. Law 

-1. The TMDL Program is the Clean Water Act's Safety "Net" 

Stripped of technicalities, Section 303(d) represents the Clean Water Act's "safety net."' 
It is the bedrock component of the Clean Water Act, the requirement that all waters be restored 
so that they are safe for fishing and swimming, and meet all other water quality standard^.^ As 
U.S. EPA Assistant Administrator for Water Robert Perciasepe noted five years ago: 

Almost twenty-five years after the passage of the [Clean Water Act], the 
national water program is at a defining moment . . . . The [Total 
Maximum Daily Load (TMDL)] program is crucial to success because it 
brings rigor, accountability, and statutory authority to the process.4 

TMDLs are "the maximum amount of pollutants a water body can receive daily without violating 
the state's water quality standard."' Specifically, Section 303(d) requires the states to identify, 
and U.S. EPA independently to review and assess, those waters within their boundaries for 
which existing technology-based pollution controls are not stringent enough to ensure that the 
water quality standards ("WQSs") applicable to such waters are achieved and 
Because Congress made clear that TMDLs must be calculated not only for waters that do not 
meet water quality standard, but also those that are not expected to meet those standards, it is 
clear that "threatened" waters must also be listed.' 

The resulting list is called the "303(d) list." For each water body and type of pollution 
listed on a 303(d) list, the state must calculate the total maximum daily load (or "TMDL") 
necessary to implement the applicable WQS.' In simple terms, then, each TMDL defines the 
maximum amount of a type of pollution (e.g., oil or grease) that an individual water body can 
assimilate in a day without violating its WQSs (i.e., without becoming "dirty"). Once a TMDL 
is calculated for a water body and pollutant, any allowable pollution is allocated among the 
various dischargers of that pollutant to the water body for which the TMDL has been 
established? 

2. The Consequences for Listing Unimpaired Waters Are Insignificant 

Legal developments in California in recent years have essentially eliminated any negative 
consequence of a mistaken listing (i.e., including a "clean" water on the 303(d) list). Prior to 

'Houck, Oliver A,, The Clean Water Act TMDL Program 49 (Envtl. Law Inst. 1999). 
'See 33 U.S.C. 5 1313(d). 

New Policies for Establishing and Imulementine Total Maximum Dailv Loads ITMDLs), Memorandum from 
Robert Perciasepe, Assistant Administrator for Water, U.S. EPA, to Regional Administrators and Regional Water 
Division Administrators, U.S. EPA (August 8, 1997).
5 Alaska Centerfor Environment v. Browner, 20 F.3d 981,983 (9th Cir. 1994). 
6 33 U.S.C. 8 1313(d)(l) and (2); see also 40 C.F.R. 5 130.7(b)(l).'Id. 

33 U.S.C. 5 1313(d)(l)(C). 
40 C.F.R. 9s 130.2(g)-(i). The TMDLs must be set "at a level necessary to implement the applicable water quality 

standards with seasonal variations and a margin of safety which takes into account any lack of knowledge 
.- :.._r,.^ I_^&_ I:...:.-.: ...,....l... r : l . . r r  "1 T i ' .  ,- r C , , , , , J  ,,,,,-,_.^l^.:^___,_:__ .m ..... & 



2001, dischargers mentioned two concerns prominently: the presumption that listing equates to a 
permit finding of no assimilative capacity and the inclusion of alternative final emuent limits in 
permits based on the mere fact of a listin . However, the Board's order in Order WQ 2001 -06 
("Tosco') addressed those implication@ As a result, given the undisputed fact that Section 
303(d) functions as the last effective regulatory approach to remedying threatened or impaired 
waters, it is clear that the implications of not listing an actually impaired waterway are far more 
severe than those attendant to any improper listing of a non-impaired waterway. 

3. 	 The Listing Regulation Must Be Consistent with the Mandate of 
Section 303(d) and the Policy Choices Embodied Therein 

Any regulation or policy, including this 303(d) Listing Policy, must be consistent with 
the mandate of its enabling statute, in this case, Section 303(d) of the Clean Water ~ c t . "  
Importantly, "in reviewing an agency's statutory construction, [courts] must reject those 
constructions that are contrary to clear congressional intent or frustrate the policy that Congress 
sought to implement." Brower v. Evans, 257 F.3d 1058, 1065; Bureau ofAlcoho1, Tobacco and 
Firearms 464 U.S. at 97 (stating that courts must not "rubber-stamp . . . administrative decisions 
they deem inconsistent with a statutory mandate or that frustrate the congressional policy 
underlying the statute.") 

The current draft of the Listing Policy is inconsistent with both the clear mandate of 
Section 303(d) and Congressional policy and intent underlying Section 303(d) in a number of 
ways. For example, as discussed further herein, the Listing Policy's binomial approach fails to 
accurately assess impaired water bodies. Thus, the listing policy's binomial approach is contrary 
to Section 303(d)'s clear mandate to identify waters in California where effluent limitations are 
not stringent enough to implement any water quality standards.'' Additionally, the Listing 
Policy frustrates not only the letter of the law but broader Congressional policy and intent in 
enacting Section 303(d). For example, as is broadly accepted, Section 303(d) represents the 
Clean Water Act's "safety net."I3 It is the bedrock component of the Clean Water Act, enacted 
30 years ago, that all waters be restored so that they are safe for swimming, and meet all other 
water quality standards.I4 Yet not only does the binomial model failure to assure that these 
standards are met in impaired waters, it also fails to account for "threatened" waters (waters not 
expected to meet water quality standards) as required by the text of Section 303(d) and 
implementing regulations.'' 

B. 	Facts 

According to the SWRCB's 2002 303(d) list summary tables, 685 waters in the state are 
listed as "imvaired." with 1883 water bodv/vollutant combinations revresented. These waters . . 
represent a significant amount of the state's limited supply of water, but unfortunately because of 
limited monitoring dollars it is likely that they represent only a fraction of the waters that could 

loIn m,the Board stated that it "agrees with Tosco, WSPA, and other petitioners, that a 303(d)-listing alone is 

not a sufficient basis on which to conclude that a water necessarily lacks assimilative capacity for an impairing 

pollutant. The listing itself is only suggestive; it is not determinative." (mat 20.) The Board further stated that 

it "concludes that the altemative final limits findings [in a permit based on the fact of a water's inclusion on the 

303(d) list] are inappropriate for several reasons." (aat 22.) 

' I  See Bureau ofAlcoho1, Tobacco andFirearms v. Federal Labor Relations Authority, 464 U.S. 89,'97 (1983). 

l2See Brower, 257 F.3d at 1065. 

" IIouck, supra n. 1. 

l4See 33 U.S.C. $1313(d). 
l5 TPP RVOWPI. 757 F i d  at  1065 



be impaired. According to the state's 2002 305@) report, for example, only 22% of the state's 
coastal shoreline miles, 34% of its lakes and reservoirs, and 15% of its rivers and streams are 
monitored; there is no information at all on the percentage of the state's other water bodies that 
are monitored. Given that we have found so many waters impaired with the limited information 
that we have, it seems to follow that we could expect a number of additional listings if an 
appropriate level of monitoring is performed in the state. 

TOTAL ESTIMATED SIZE 

I 
WATER BODY TYPE 

I I 

TOTAL WATER BODIES LISTED AFFECTED 
I I 

Bavs and Harbors 43 456338 acres 
Coastal Shorelines 97 119 miles 
Estuaries 36 99857 acres 
Lakes1 Rese~oirs 68 255465 acres 
RiverslStreams 430 26545 miles 
Saline Lakes 3 291761 acres 
Wetlands, Tidal 4 66672 acres 
Wetlands, Freshwater 4 73598 acres 

The 2002 303(d) list tables indicate that approximately 800 TMDLs are left to be done on 
this list. However, according to the 2002 305(b) report, only 18have been adopted by the 
SWRCB to date, and only nine completed TMDLs currently await adoption by the SWRCB, 
OAL or EPA. Clearly, the state must move forward far more expeditiously to address this 
problem. However, rather than support a strong effort to identify and clean up both impaired and 
threatened waters (thus avoiding future impairments), the Draft Policy appears to take the 
approach of pretending there is not a problem to begin with by making it artificially difficult to 
list impaired waters, and by avoiding threatened waters altogether. 

111. 	 THE STATE SHOULD TAKE A PRECAUTIONARY APPROACH TO 
LISTING AND DELISTING 

The Precautionary Principle is embodied in Principle 15, adopted at the 1992 United 
Nations Conference on Environment and Development in Rio de Janeiro: 

Where there are threats of serious or irreversible damage, lack of full scientific 
certainty shall not be used as a reason for postponing cost-effective measures to 
prevent environmental degradation. 

In short, the Precautionary Principle is a sophisticated way of expressing euphemisms 
that have always guided our day-to-day lives: "err on the side of caution," "safety first!" and "an 
ounce of prevention is worth a pound of cure." It is the common sense logic of the Precautionary 
Principle that gives it its intuitive appeal, and makes opponents of the Precautionary Principle 
most uncomfortable. "For too long the 'common sense' appeal of the [Precautionary Principle] 
has gone unopposed," according to a memorandum written on behalf of the American Chemistry 
Council (formerly the Chemical Manufacturers Association) that proposes a campaign to 
stigmatize the principle.'6 It is no wonder that the Precautionary Principle makes some members 
of the regulated community nervous - its application would prevent reverse the burden of proof, 



prohibiting potentially dangerous practices until it is demonstrated that environmental exposures 
resulting from these practices are not harmful. Such a demonstration would be difficult since the 
evidence shows that the rates of diseases linked to environmental exposures have risen 
dramatically in the past few decades.17 

We can think of few policy decisions where it is more critical to employ the 
precautionary principal than those the Draft Policy is designed to facilitate: the listing of 
impaired water bodies. The Section 303(d) programs are our last line of defense in the 
protection of our waterways, applied only after other Clean Water Act provisions have failed." 
AS such, it is all the more important that these programs ensure that impaired waterways are 
identified: the conseauences of missing them include threats to human health and aquatic life, -
and if impaired water bodies are ignored by the 303(d) program, they are ignored altogether. 

At bottom, the Precautionary Principle is about dealing with uncertainty. Uncertainty in 
science - as in life - is pervasive; the elimination of scientific uncertainty is impossible.'g This 
is the very reason the Precautionary Principle came into being in both its technical and 
euphemistic forms; it expresses the "safe" way of handling this uncertainty. However, the Draft 
Policy is replete with provisions that favor tolerance of environmental risk. In an effort to reduce 
the potential for alleged and unsupported economic outlays, the Draft Policy takes an anti- 
precautionary approach, requiring the demonstration to a high level of certainty that harm is 
occurring before taking action. The Draft Policy, in essence, is using the lack of scientific 
certainty related to impairment as an excuse for inaction: exactly what the Precautionary 
Principle proscribes. 

Scientific uncertainty has been used by polluters and regulators as a rationale for inaction 
for decades. These polluters and regulators take advantage of scientific uncertainty by 
interpreting a scientific "we don't know" as "the science says it's OK." Opponents of the 
Precautionary Principle claim that its supporters want to impose regulatory measures supported 
by nothing more than vague and baseless fears, regardless of whether there is evidence to support 
their fears." In situations of scientific uncertainty of the kind found at the heart of most 
environmental, health and safety controversies, however, the anti-precautionary approach sets up 
perverse incentives. For example, the risk-creators are often best positioned with respect to both 
knowledge and resources to investigate the potential hazards of their actions. However, by 
permitting them to proceed unrestrained until harm has been proven, anti- recautionary policies 
avvroach creates disincentives for them to undertake such investigations." These precise 
&;incentives are evident in the Draft Policy's proposals. By adopting the position*that a water 
body is clean until proven dirty, the Draft Policy creates disincentive for dischargers to 
contribute to additional, much-needed monitoring, because such monitoring might be used to 
build the case that the water segment is, in fact, impaired. 

An important first step toward implementation of the Precautionary Principle is full 
disclosure: decision-making processes need to clearly identify and evaluate areas of uncertainty, 
and all unknown but potential risks should be clearly articulated. An unknown cost should not 

"Katie Silhennan, The Precautionary Principle: Answers to Frequently Asked Questions, Center for Environmental 
Health (May 28,2003). 

See 33 U.S.C. 5 1313(d)(l)(A). 
l 9  NRC Report at 4. 
'O Center for Progressive Regulation, Perspectives Series: The Precautionary Principle, available at 
http://www.progressiveregulation.org!perspectives/precaution.cfm. 
l1 id  
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automatically be assigned a value of zero merely because its extent or causalities are not yet 
completely understood. Policies should encourage an open and public debate about the various 
interests that could be impacted by the uncertainty and the tradeoffs between them. In the 
absence of this disclosure, the public is ill-equipped to evaluate its tolerance for the uncertainties 
inherent in environmental policy. 

The Precautionary Principal precludes using uncertainty as the rationale for inaction. By 
contrast, the Draft Policy is the antithesis of a precautionary approach. It hides policy decisions 
behind the curtain of a statistical method that is designed to resolve uncertainty in only one way: 
if there is uncertainty, don't list. At every turn the Policy chooses to reduce the risk of taking an 
unnecessary action while increasing the risk of leaving a serious environmental problem 
unaddressed. Moreover, the Draft Policy does not result in a articulation of, and is incapable of 
balancing, the many uncertain but possible outcomes at stake in every single listing decision. 

IV. THE STATE MUST LIST IMPAIRED AND THREATENED WATERS 

The Clean Water Act Section 303(d)(l)(A) requires listing of those waters for which the 
effluent limitations in Sections 301(b)(l)(A) and (B) "are not stringent enough to implement any 
water quality standard applicable." Section 303(d)(l)(C) mandates that TMDLs "shall" be 
established for those waters. Nothing in these sections allows for listing and TMDL 
development criteria other than a consideration of whether water body at issue is impaired or 
threatened. However, contrary to this mandate, and even contrary to what we believe are 
impermissibly expansive federal interpretations of this legislative mandate, the Draft Policy 
allows for numerous imvaired and threatened waters to avoid listing and TMDLs. These flaws -
are detailed below. 

A. 	 The State May Not Directly or Indirectly Use "Off-Ramp" Lists Such As 
the Enforceable Program List 

Section2 of the Draft Policy states that the Clean Water Act Section 303(d) list is 
comprised of the following categories: the Water Quality Limited Segments category, the 
TMDLs Completed Category, and the Enforceable Program category. We appreciate that most 
of the past attempts to create illegal "off-ramp lists" (such as the Monitoring List, Planning ~ i s t ~ ~  
and Watch List) have not been pursued in the Draft Policy. We also appreciate the statement in 
Section 2 of the Draft Policy that listed waters should remain on the list until water quality 
standards are attained, a position that is consistent with the letter and intent of the Clean Water 
Act. 

However, the Enforceable Program list still remains in effect an "off-ramp" list that must 
be integrated completely into the 303(d) list. Section 2 of the Draft Policy makes the 
Enforceable Programs list a subset of the 303(d) list. Normally, in light of Clean Water Act 
Section 303(d)(l)(C)'s mandate to prepare TMDLs for listed waters, this inclusion would be 
interpreted as an indication that the waters on that sublist would require development of a 
TMDL. However, the FED makes clear that the intent of the Draft Policy is to allow impaired 
waters on the vaguely defined and often unenforceable "Enforceable" Program list to specifically 
avoid TMDLs. In effect, then, these waters are "listed" waters, a point that must be 
corrected. 

22 Section 6.2.5.5 references placement of water bodies on a "planning list." Since this is not referenced elsewhere 
( .* 7. n n 8 .  . .. . .. .. . . ~,...~~~.,.,!.., ..." 7 T . h  	 . ~ ~ . .  3.. 



The FED explains that the Draft Policy is "focus[ed] on the development of a narrowly 
defined section 303(d) list that includes only those waters that do not meet water quality 
standards and a TMDL is needed to resolve the pollutant problem."23 It then applies this overall 
position to the Enforceable Program list, obliquely yet obviously stating that TMDLs, despite the 
logical conclusion that would be drawn from the Draft Policy, are not required for waters on that 
list. Specifically, the FED states that "[wlhere control measures are unsuccessful or 
unreasonable delays . . . are experienced, waters should be moved to the portion of the section 
303(d) list where TMDLs are required."24 It follows from this statement that, until the undefined 
conditions are met, TMDLs are required. 

We strongly oppose the Board's proposal to create such an Enforceable Program list for 
several reasons. Most importantly, we believe that there is absolutely no basis under the Clean 
Water Act for failing to list any impaired water body, as that term is defined under section 303(d) 
of the Act, on the section 303(d) list and preparing a TMDL for that water bode. Moreover, as 
shown below, the proposed list will seriously undercut the state's TMDL program. 

First, the proposed Enforceable Program list is inconsistent with the plain text of section 
303(d) of the Clean Water Act. Section 303(d) expressly requires each State to identify waters 
within its boundaries for which "the effluent limitations required by section 301(b)(l)(A) and 
section 301(b)(l)(B) of this title are not stringent enough to implement any water quality 
standard applicable to such waters." 33 U.S.C. §1313(d)(l)(A). Thus, waters are to be listed, 
and TMDLs developed, whenever the effluent limits described in section 301(b)(l)(A) and (B) 
are insufficient to attain and maintain water aualitv standards. hortant lv .  sections 
301(b)(l)(A) and (B) of the Act expressly reiate oily to effluent l h i t s  fo;point sources designed 
to meet the standards of best practicable control technology (technology-based standards) and -- . 
specific POTW secondary treatment and pretreatment requirements. Ingeneral, when a Btatutory 
provision specifically includes certain items, it implies the exclusion of others. See e.g., In re 

th .CyberneticSvcs., Inc., 252 F.3d 1039 (9 Clr. 2001), cert. denied, 122 S.Ct. 1069 (2001). As 
such, only when certain baseline effluent limits, as discussed above, are stringent enough to 
implement all water quality standards in a particular waterway may the State Board fail to list 
that water. 

In contravention of the clear dictates of the Act, staff have proposed to exclude impaired 
waters from the section 303(d) list for a variety of improper reasons, including the alleged 
availability of a remediation planning documents, unenforceable nonpoint pollution best 
management practices, storm water permits, and enforcement actions. 

For instance, the Draft Policy is proposing that the exercise of enforcement prerogatives 
can constitute a basis not to list an impaired This proposed "out" is beyond the 
scope of Section 303(d), as discussed above. Moreover, as further discussed below, given that 
the requirements of Section 301 of the Act are over 25 years old, it is far too late in the day to 
rely on enforcement to subvert the intent of Section 303(d). 

23 FED at 43. 
24 id at 44. 

The State Board has even gone so far as to propose to place a water body on an Enforceable Program List where 
a discharger submits a letter to the State Board discussing its individual clean up efforts (e.g.,ChevronRexaco for 
Castro Cove). This hardly qualifies as an enforcement program, and in any event, plainly unlawfully expands the 
scone of the exoress laneuaee of section 303(dl. as discussed above. 
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Similarly, the Board has proposed to de-list or has refused to list several water segments 
for trash based on coverage by municipal storm water permits. Yet again, this exception exceeds 
the language of the Clean Water Act. First, the SWRCB has expressly taken the position that it 
would not include "strict" numeric effluent limits in Section 402 municipal storm water 
permits.26 As such, no argument can be made that these (non-existent) limitations will suffice to 
control the trash problem. Second, to the extent that municipal storm water permits include non- 
numeric effluent limits for trash, it is clear that these permits have been ineffective in controlling 
the problem notwithstanding the fact that they were first issued in 1991, thirteen years ago. 
Hence, there is no evidence in the record to support the premise that permit conditions that limit 
trash are sufficient to avoid the clear mandate of Section 303(d). 

More disturbingly, the Draft Policy proposes to place on an Enforceable Program list 
impaired waters for which no enforceable program exists! Specifically, the FED asserts that 
discharge controls on point sources must be "enforceable," but nonpoint sources can be listed 
merely if there is an "agency sponsored watershed lan or other [completely unspecified] 
programs that will obviate the need for a TMDL.'"' There is no parallel requirement that these 
be "enforceable." 

None of these "justifications" for failing to list impaired waters can be squared with the 
statute. For this reason, the Board is not free--whatever its perspectives on how section 303(d) 
should operate-to graft an Enforceable Program list exception onto this part of the Clean Water 
Act. 

Second, the language of Section 303(d), when read in the overall context of the Clean 
Water Act as well as Section 301, clearly indicates that Congress intended the TMDL program to 
coexist with other enforcement and clean up programs under the Act. There is no indication 
that Congress intended the operation of the Clean Water Act as a whole to disable any specific 
element of the Act. Yet, this would be the effect of the Enforceable Program list. Such an 
impact cannot be countenan~ed.~~ 

Third, the proposed Enforceable Program list contravenes the U.S. Environmental 
Protection Agency's ("EPA") 2004 Integrated Water Quality Monitoring and Assessment Report 
Guidance ("2004 Integrated ~u idance" ) .~~  While the 2004 Integrated Guidance is also 
inconsistent with section 303(d) of the Clean Water Act, the State Board's proposal goes beyond 
even what is contemplated by the 2004 Guidance. Specifically, the 2004 Integrated Guidance 
describes an alternative category of waters for which other pollution control requirements are 
stringent enough to implement any applicable water quality standard.30 On their face, the 
enforcement actions and clean up programs proposed by the State Board do not fall within the 
ambit of "other pollution control requirements." Further, the 2004 Integrated Guidance states 
that "these requirements must be specifically applicable to the water quality problem" 
and that "monitoring should be scheduled .. . to verify that the water quality standard is attained 

- ~ 

26 See In the Matter of the Petitions ofBuilding Industry Assoc. of San Diego County and Western States Petroleum 

Assoc., Water Qualify Order 2001-15 (November 15,2001). 

"FED at 43. 

"See Owasso Indep. Sch. Distr. No. 1-011 v. Falvo, 534 U.S.426 (2002) ("It is a fundamental canon o f  statutory 

construction that the words o f  a statute must be read in their context and with a view to their place in the overall 

statutory scheme"). 

"U.S. EPA, "Guidance for 2004 Assessment, Listing and Reporting Requirements Pursuant to Sections 303(d) and 

305(b) o f  the Clean Water Act" (July 21,2003) ("2004 Integrated Guidance"). 
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as expected."31 The Guidance also requires that the water quality standard must be expected to 
be attained within a short amount of time.32 The FED instead expands this to allow the waters to 
remain without a TMDL unless there are "unreasonable delays" (again, ~nde f ined ) .~~  

Fourth, the legitimacy of an Enforceable Program list is severely undercut by the timing 
of this proposal. The requirements of Section 301 are over 25 years old, while many of the 
programs, permits, or enforcement options that would serve as bases to exclude waters from the 
Section 303(d) list are also years if not decades old. California's patent inability to resolve water 
quality problems over the years through the use of the very same options it now touts as 
definitive solutions underscores that these programs are not, in fact, necessarily "solutions" to 
the identified impairments. If they were, the waters at issue would be in attainment by now. 
Aside from the other legal problems discussed above, it is simply too late at this juncture to use 
the specter of Section 301(b)(l)(A) and (B) effluent limits enforcement, municipal storm water 
permits, or any other program, such as BPTCP, as a basis to end-run Section 303(d). This 
conclusion is also supported by the fact that impaired waters were required to be listed and 
TMDLs developed and implemented pursuant to Section 303(d) over 20 years ago.34 
California's own delay in establishing TMDLs cannot now open the door to the use of later- 
developed alternatives to further limit the operation of the already delayed TMDL program. 
Because the proposed Enforceable Program list ignores the Board's own experience with the 
"alternatives" to 303(d) listing and the temporal intent of Section 303(d), it is unlawful and 
unwise. 

Lastly, in addition to all of the above, we are concerned that the proposed Enforceable 
Program list will create a circular feedback loop whereby numerous impaired waters will never 
be properly listed and subject to a TMDL that will ensure the water body will be restored. For 
instance, under the proposed program, the State Board may elect to place a water body on the 
Enforceable Program list due to the existence of an "alternative enforceable program" during any 
given listing cycle, with very little justification or assurance that water quality standards will be 
met. Then, at the next listing cycle, even if the water body is still impaired, the Board may again 
elect to place the water on the Enforceable Program list based on the same alternative program. 
This may continue indefinitely under the program as proposed by the Board. The result of such 
an indefinite feedback loop will be that numerous waters that are impaired will remain impaired. 
This is completely at odds with the intent of Section 303(d). 

Accordingly, we urge the Board to eliminate the unimplementable and illegal 
Enforceable Program list. 

B. The State Must List "Threatened" Waters 

Despite our comments on this issue last year, the Draft Policy still contains no mention of 
the methodology for identifying and listing threatened waters. TMDL regulations at 40 C.F.R. $ 
130.7(c)(l)(ii) and 5 130.2 state specifically that "TMDLs shall be established for all pollutants 
preventing or exvected to orevent attainment of water quality standards." (Emphasis added.) 
U.S. EPA similarly states on.page 8 of its 2004 Integrated Guidance that "[wlaters should be 
placed [on the 303(d) list] when it is determined . . . that a pollutant has caused, is suspected of 
causing, or is ~roiected to cause an impairment or threat." (Emphasis added.) 

Id,
'*Id. 
I3 FED at 44. 
"See  e.e.. Scott v. Hammond 741 F.2d 992(19x4). 



EPA raised this issue with Board staff last June as follows: 

The proposed policy provides no clear provisions for assessing and listing 
threatened waters. Pursuant to the requirements of 40 CFR 130.7, as 
interpreted in out 1991 and 1997 guidance documents, EPA expects each state 
to describe how it will assess whether waters which currently attain standards 
will likely fall out of attainment during the next listing cycle. The proposed 
policy makes reference to the use of certain types of data for trend analysis 
purposes, but does not actually describe how or if such data analysis will be 
interpreted as threatened. We expect the listing policy to clearly show how 
the requirement to consider threatened waters was addressed.35 

By contrast, the state's Draft Policy makes no mention of threatened waters. Instead, 
Section 2.1 of the Draft Policy limits listing to waters where "the water quality standard is not 
attained, the standards nonattainment is due to a pollutant or pollutants, and remediation of the 
standards attainment problem requires a TMDL." "Threatened" waters are conspicuously 
absent. 

In the January 2sth public workshop on the Draft Policy, the Board raised the question of 
whether reactivation of the rejected "Monitoring List" would address this concern. It would not. 
As noted in our past comments, the "Monitoring List" is another example of an off-ramp list that 
includes numerous waters, both impaired and threatened, that should be properly listed on the 
303(d) list. For instance, in the Los Angeles Region alone, several clearly impaired waters were 
placed on the prior Monitoring List, including the Dominguez Channel for toxics and Calleguas 
Creek Watershed-Conejo Creek for unnatural foam and scum. So in other words, threatened 
waters are supposed to be l&d; because the Monitoring List was designed to keep waters off the 
303(d) list, it is patently inapplicable. 

We ask that the Board follow EPA's direction and specifically address the listing of 
threatened waters. 

C. The State Must List Waters Impaired by Natural Sources 

Section 3.1 of the Draft Policy states that water segments for which standards 
exceedances reflect "natural background conditions" shall not be placed on the 303(d) list. This 
directly contradicts the 9thCircuit's recent rejection of the proposition that Section 303(d) only 
applied with respect to waters where effluent limits existed for a particular pollutant.36 In doing 
so, the court emphasized that both the listing obligation and TMDL development obligation are 
triggered when water bodies do not attain water quality standards, regardless of the source of 
pollution.37 It also contradicts the position of the National Research Council, which found that 

"Letter from David Smith and Peter Kozelka, U.S.EPA Region IX to Craig J. Wilson, SWRCB (June 24,2003) 

(found in Appendix 111).

''Pronsolino v. Nastri, 291 F.3d 1123, 1138 (9Ih Cir. 2002). 

"Id. ("Water quality standards reflect a state's designated uses for a water body and do not depend in any way upon 

the source of pollution." at 1137; "Thus, 303(d) is structurally part of a set of provisions governing an interrelated 

goal-setting, information-gathering, and planning process that, unlike many other aspects of the CWA, applies 
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the TMDL program "should encompass stressors .. . that determine the condition of the 
~ a t e r b o d ~ . " ~ '  

More significantly, it contradicts both the Clean Water Act (which contains no exemption 
for impairments due to natural sources) and the TMDL regulations. For example, 40 C.F.R. 8 
130.2(g) defines "load allocation" for purposes of developing a TMDL as "[tlhe portion of a 
receiving water's loading capacity that is attributed either to . . . nonpoint sources of pollution 
to natural backmound sources." (Emphasis added.) The regulations thus clearly contemplate the 
listing for waters impaired by natural sources. Moreover, the language of 130.2(g) indicates that 
Pronsolino's approval of TMDLs for nonpoint pollution extends logically to natural sources as 
well, as both are addressed in the definition of "load allocation." 

As noted by EPA in a letter to the SWRCB last June, waters impaired by natural sources 
cannot be excluded from listing unless the state's adopted water quality standards clearly contain 
such exclusion^.^^ To the best of our knowledge, no natural source exclusions exist in state 
water quality standards provisions. The natural sources exclusion thus must be removed from 
the policy. 

D. The State Must List Waters Impaired by ccPollution" 

Section 3.1 of the Draft Policy similarly states that water segments for which standards 
exceedances reflect "pollution" (e.g.,"physical alteration of the water body that cannot be 
controlled") shall not be placed on the 303(d) list. This position is reiterated in Section 2.1, 
which limits listing to waters impaired by "a pollutant or pollutants." We disagree with this 
proposition, and maintain that water bodies that are impaired by any source of pollution must be 
listed. This position is supported both by the plain language of Section 303(d)(l)(A) and by 
legal opinions interpreting it, and has been supported by the Regional Boards as well in 
testimony and elsewhere 

This position is also supported by the National Research Council, which found that the 
TMDL program "should encompass all stressors, both vollutants and vollution, that determine 
the condition of the w a t e r b ~ d ~ . " ~ ~  The NRC found this step to be important because "activities 
that can overcome the effects of 'pollution' and bring about water body restoration - such as 
habitat restoration and channel modification - should not be excluded from consideration during 
TMDL plan implementation."4' 

Accordingly, ask that this limitation be struck. 

E. 	 The State Must Develop a TMDL Regardless of Whether the Impairing 
Pollutant Has Been Identified 

It is not clear from Section 2 of the Draft Policy whether it is necessary to identify the 
impairing pollutant(s) in order to list a water body. The text states that one can list only where "a 

"National Research Council, "Assessing the TMDL Approach to Water Quality Management," p. 4 (Nat'l 

Academy Press, Wash. D.C., 2001), http://books.nap.edu/htmlItmdI/(NRC Report) (emphasis added). 

39 Letter from David Smith and Peter Kozelka, U.S.EPA Region IX to Craig J. Wilson, SWRCB (June 24, 2003) 

(found in Appendix 111). 

"'NRC Report at 4 (emphasis added). 

4' Id. 

http://books.nap.edu/htmlItmdI/


pollutant has caused or is suspected of causing standards not to be attained." This language 
presumes that one must identify the pollutant(s) at issue in order to make this determinati~n.~~ 

The Clean Water Act does not require identification of the pollutant at issue before listing 
is made. EPA implements this legislative intent by clearly stating in its 2004 Integrated 
Guidance that "States should include impaired waters in Category 5 [303(d) list] . . . even if the 
specific pollutant is not known.'*' In addition, many if not all Basin Plans contain WQS for 
general conditions ("no toxics in toxic amounts") that would need TMDLs if impairments of 
those conditions were found; Section 2 would appear to (illegally) prevent that. 

Section 3.1.6 of the Appendix and Issue 5C of the FED require the identification of 
causative pollutant(s) before a TMDL can be developed for toxicity. Toxicity is one of the most 
significant measures of impairment, because unlike a chemical concentration, it is a biological 
measurement that can be more linked to ecological significance. Observation of toxicity in one 
or more test species indicates the potential for impacts to multiple untested species in the water 
body, which in turn, affects the overall ecological health of the water body. Because toxicity is a 
measure of significant biological response, indefinite delay or failure to develop TMDLs to 
mitigate toxicity impairmentwould be one of the most damaging possible outcbmes for the long- 
term protection of California's aquatic resources of this Draft Policy. 

Requiring identification of the causative pollutant(s) will indefinitely delay the 
development of toxicity TMDLs because the burden of establishing the cause of toxicity is 
shifted solely to the Regional Boards. This burden can be onerous because the cause-and-effect 
link cannot be typically established through simple or standardized tests, and special studies are 
often required.44 The Draft Policy offers no process for how this identification will be completed 
by the Regional Boards and requires no timeframe. Further, there is no directive in the Draft 
Policy for potentially-contributing parties to complete of the subsequent studies needed to 
identify the cause of the toxicity. The unintended result of this policy could be to completely 
block the TMDL process from applying to water bodies exhibiting toxicity. 

This result is unnecessary because, contrary to the assertion in the FED that the 
pollutant(s) associated with toxicity must be identified in order to complete a TMDL, case 
studies of POTW effluents show that cost-effective source controls cab mitigate toxicity even 
when the specific causative pollutants have not been identified. Precedent has already been 
established at the federal and state level regarding requirement of source control to mitigate 
toxicity without identification of the specific pollutant or pollutants that cause the toxicity. For 
example, POTWs are required to ensure a balanced indigenous population of marine organisms 
exists outside the zone of initial dilution of the discharge. If not, the POTW must upgrade to full 
secondary treatment, even if the specific pollutants causing the toxicity have not been identified. 
Examples of how successful this policy has been at restoring marine life around POTW 

''Similar language rnns throughout the Policy, including in Section 6.2.3. 
43 2004 Integrated Guidance at 10. 
4'~dentification of pollutants causing toxicity can be complicated by several factors. Low levels of multiple 
pollutants can act synergistically to cause toxicity. Most of the water bodies in California receive inputs of multiple 
toxic pollutants. Often, comparison of chemical concentrations to water column criteria or sediment quality 
guidelines may not indicate exceedances, yet the chemicals are collectively contributing to overall toxicity. Toxicity 
identification can be also be significantly limited by the routinely-used toxicity identification techniques. For 
example, current TIE methods differentiate the cause of toxicity by categories of pollutants (e.g., metals, semi- 
volatiles, etc.) and not by specific pollutants, and cannot identify pollutants that are causing toxicity at 
concentrations below routine laboratory detection methods (e.g.,PAHs, one of the most toxic and ubiquitous class 
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discharges are plentiful. Historically, the effluent discharged from LA County's Joint Water 
Pollution Control Plant was toxic to sea urchin bioassays, and field studies showed degraded 
urchins and other echinoderm populations near the outfall. Although the actual pollut&t or 
pollutants causing the toxicity were never fully identified, LA County implemented source 
control efforts to reduce toxicity overall, and the ecology around the outfall has been restored. 
Another example is the recovery of the benthic community in Santa Monica Bay around LA 
City's Hyperion sewage treatment plant outfall. Again, costly efforts to specific identify 
pollutants causing the toxicity and impairment were never fully successful, yet upgrades to the 
POTW have resulted in dramatic, measurable improvements in the benthic assemblages adjacent 
to the outfall. 

Similarly, the policy must allow listing for adverse biological response and degradation 
of biological populations and communities alone, without identification of the causative 
pollutants. The Draft Policy requires the identification of the specific pollutant or pollutants 
causing adverse biological response andlor degradation of biological populations and 
communities before waters can be listed for these impairments. Specifically, the Draft Policy 
states that a water body can be listed for adverse biological response or significant degradation in 
biological populations and/or communities if these impairments are shown compared to 
reference condition@), and these impacts are associated with water or sediment concentrations of 
pollutants as described in section 3.1.6. The Draft Policy does not allow for listing solely for 
these impairments without the causative pollutant(s). Furthermore, section 3.1.6 appears to 
restrict how these causative pollutants are identified to a very narrow range of methodologies. 
Since studies conducted to assess biological impacts often do not definitively identify causative 
pollutants, this policy could effectively eliminate the state's ability to list water bodies that have 
been scientifically demonstrated to be unable to support their beneficial uses. As demonstrated 
by the case studies of POTW effluents above, cost-effective source control can mitigate 
biological impairments even when the specific causative pollutants have not been identified. 

Therefore, the policy must allow listing and move forward with TMDL development 
even where the impairing constituents are not known. The identification process, if shown by 
the regulated community to be necessary to the control of the impairment, can be built into the 
implementation schedule of the TMDL. By doing this, the SWRCB is providing a process that 
provides some certainty that impairments will be mitigated in a controllable timeframe. 

F. The State Must List the Whole of an Impaired Water Body 

EPA's 2004 Integrated Guidance discusses how waters should be segmented in the 
Integrated 303(d)/305(b) report.45 EPA mandates that states "document the process used for 
defining water segments in their methodologies." Section 6.2.5.6 attempts to do this but fails 
because California has not identified a uniform definition of "assessment units," a water body 
segmentation scheme described in U.S. EPA guidance. Since this section only confuses the issue 
without providing guidance to the regional boards, it should be eliminated entirely or rewritten. 

Requiring the regional boards to "identify" various properties of an impaired water body 
is beyond the scope of identifying an impaired water body. Arbitrary pooling of data from 
adjacent reaches and/or segments, as described in Section 6.2.5.6, has no scientific foundation. 
Adjacent reaches and/or segments should only be joined together for data analysis purposes if it 
is the intent of the regional board to list the combined reacheslsegments as a single 303(d) listed 

' 5  2004 Integrated Guidance at 2-1. 



water body. Joining adjacent reaches together for the purposes of data analysis and meeting 
listing sample count requirements could have the effect of making impaired waters appear to be 
unimpaired andlor making clean waters appear to be impaired. If the water body to be listed 
contains multiple reaches then for listing purposes, the reaches should be considered a single 
water body. 

G. The State Must List Waters Impaired by Invasive Species 

The Policy states at Section 2.1 that only those waters impaired by "pollutants" shall be 
listed. The FED similarly states in numerous laces that only impairments caused by "a 
pollutant" shall be included on the 303(d) list! As discussed above, we disagree with this 
proposition, and maintain that water bodies that are impaired, regardless of the source of 
pollution, must be listed. 

We thus strongly disagree with the FED'S recommendation that waters impaired by 
invasive species not be listed because invasive species are not "pollutants."47 In addition to the 
fact that all waters should be listed regardless of the source of the impairment, there is no basis in 
law or fact for the conclusion that aquatic invasive species are not "pollutants" under the Clean 
Water Act. Invasive species clearly fit the definition of "poIlutant" under Clean Water Act 
Section 502(6), which broadly defines the term to include: 

dredged spoil, solid waste, incinerator residue, sewage, garbage, sewage sludge, 
munitions, chemical wastes, biological materials, radioactive materials, heat wrecked 
or discarded equipment, rock, sand, cellar dirt and industrial, municipal and 
agricultural waste discharged into water. 

(Emphasis added.) Courts have interpreted the definition of "pollutant" expansively, 
stating that it "encompass[es] substances not s ecifically enumerated but subsumed under the 
broad generic terms" listed in Section 502(6). 4 1 : .Similarly, courts have stated that the definition 
of pollutant is "meant to leave out very little.'*9 

In the definition above, the term "biological materials" has been interpreted by U.S. EPA 
and the courts to include harmful organisms, which would include invasive species. For 
example, in proposing revisions to the TMDL regulations, U.S. EPA stated that "all microbial 
contaminants that may be discharged to waters of the U.S.(e.g. bacteria, viruses and other 
organisms) fall under the term 'biological rnaterial~'."~~ EPA's finding is consistent with a 
common sense interpretation of the term "biological materials" as including organisms, and 
makes no artificial distinctions as to the location or source of the organisms. EPA similarly has 
acknowledged that "[dlifferent biological organisms, such as bacteria (e.g., fecal coliform), 

46 E.g. "At this time, USEPA believes that invasive species should not be included within the definition of 

'pollutant,' as defined by the CWA, and, therefore, waters impacted by them should not be included on the section 

303(d) fist." FED at 89. 

47 FED at 90. 

48 US. PIRG v. Atlantic Salmon ofMaine (U.S. Dist. Ct. Maine, Aug. 2001). 

http://www.med.uscourts.gov/Site/opinionsavchuW2OOlJKO8282OOll-00cvI 50-USPIRG-v-Heritage.pdf, 

citing United States v.Hamel, 551 F.2d 107 (6" Cir. 1977). 

49 Id.,citing Sierra Club, Lone Star Chapter v. Cedar Point Oil Co.,73 F.3d 546, 566-568 (5Ih Cir. 1996), cert. 

denied, 519 U.S. 811 (1996). 

5 0 1 4  7 . ~n-- ... r r \ q ? r r  inno, 

http://www.med.uscourts.gov/Site/opinionsavchuW2OOlJKO8282OOll-00cvI


algae, dead fish, live fish, fish remains, and plant materials have been considered pollutants 
under this definition by various ~ourts.''~' 

The courts and other states have repeatedly agreed with this interpretation of "biological 
rnaterial~."~~For example, the court in National Wildlife Federation v. Consumers Power Co., 
862 F.2d 580,585 (6" Cir. 1988) found that live fish were "biological material" under the Clean 
Water Act. There is no logical distinction between native versus non-native fish for the purposes 
of determining what is "biological material," especially in light of the fact that in many cases it is 
extremely difficult to determine whether an organism is native or non-native to a particular 
ecosystem. 

Recognizing this lack of a logical distinction, states around the country have already 
identified 34 water bodies around the country as impaired for "exotic species," as well as 783 for 
"noxious aquatic plants";s3 many of the latter are likely "noxious" because they are non-native to 
the area in which they are listed (such as Caulerpa tauifolia, the subject of proposed listings in 
Regions 8 and 9). Pathogens, which can be native or non-native to an area and which EPA 
already regulates in municipal and other dischar es, have been identified as the source of 
impairment in 5,512 listings around the country. $4 

The State Board itself approved the listing of various waters in Region 2 as being 
impaired by "exotic species," including the Carquinez Strait, Richardson Bay, San Francisco Bay 
(Central), San Francisco Bay (Lower), San Francisco Bay (South), San Pablo Bay, Suisun Bay, 
and the Sacramento/San Joaquin Delta. In approving the listings, the State Board approved the 
listings' staff report, which found that "[elxotic species meet the definition of 'pollutant' at 
Section 502 of the Clean Water AC~."~'  

EPA acknowledged in its recent ballast water report that "[dlifferent biological 
organisms, such as bacteria (e.g., fecal coliform), algae, dead fish, live fish, fish remains, and 
plant materials have been considered pollutants under [Clean Water Act Section 502(6)] by 
various courts." Moreover, EPA is already regulating invasive species in ballast water through 
the Section 312(n) program, and is regulating numerous categories of invasive species - such as 
pathogens -through other programs. It is neither legally nor logically supportable for the state 
to conclude that "local" organisms are pollutants while "out-of-towners" are not. The only issue 
to consider is whether the water body at issue is impaired by pollutants, which invasive species 
are. 

5 1  U.S. EPA, Drafi Report, "Aquatic Nuisance Species in Ballast Water Discharges: Issues and Options," p. 32 
September 10,2001). If Some individuals have mistakenly referred to Asso. To Protect Hommersley v Taylor Resources (9' Cir., Aug. 

2002) as support for the conclusion that Section 502(6) cannot include invasive species. However, this case, which 

addressed releases from caged mussels, only addressed the situation in which the discharges did not hann the waters 

at issue. In particular, the court stated that it 'heed not decide whether the addition of biological materials to the 

water in concentrations significantly higher than nahual concentrations could support a conclusion that such 

biological materials are 'pollutant[s]' under the Act . ..." Id. at fn. 9. By definition, the invasive species proposed 

here for listing exist at higher than natural concentrations. 

53 See http://oaspub.epa.gov/waters/national~rept.control#TDOC, 

54 rd. 

j5California Regional Water Quality Control Board, San Francisco Bay Region, "Preventron of Exotic Specres 

Introductions to the San Francisco Bay Estuary: A Total MaximumDaily Load Report to U.S. EPA," pp. 1,7-8 
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EPA "believes that TMDL's can be determined for any pollutant."56 We ask that 
recommendation in Issue 4H of the FED accordinglybe changed from Altemative 3 to 
Alternative 1("[llist water bodies under CWA section 303(d) for invasive species that impact 
water quality and develop TMDLs'?. 

V. THE STATE MUST USE AND CONSIDER ALL READILY AVAILABLE 
INFORMATION 

A. General Comments 

The body of regulations and guidance that bear on 303(d) listing are unambiguous about 
the informationthat should be considered in making listing decisions: all of it. TMDL 
regulations state clearly that "[elach State shall assemble and evaluate all existing and readily 
available water quality-relateddata and information to develop the [303(d)] list."57 The 
regulations go on to mandate that local, state and federal agencies, members of the public, and 
academic institutions "should be actively solicited for research they may be conducting or 

Furthermore,EPA's 2004 Integrated Guidance similarly states that ''[all1 existing 
and readily available data and information must be considered during the assessment process." 

The regulations and guidance are even more explicit about not excluding data on the 
basis of age and sample size. The Integrated Guidance states clearly that "[dlata should not be 
excluded from consideration solely on the basis of age,"5g and "does not recommend the use of 
rigid, across the board, minimum sample size requirements in the assessment process."60 EPA 
adds that "the methodology should provide decision rules for concludingnonattainment even in 
cases where target data quantity expectationsare not met, but the available data and information 
indicate a reasonable likelihood of WQC e~ceedance."~'As an illustration,EPA explains that 
"[wlhen considering small numbers of samples, it is important to consider not only the absolute 
number of samples, but also the percentage of total samples, with concentrationshigher than 
those specific in the relevant WQC."~~EPA applied these rules in its review of California's 
2002 303(d) list, finding that "it is inconsistent with federal listing requirements for the State to 
dismiss a water from further consideration in the Section 303(d) listing process simply because a 
minimum sample size threshold was not met for a particular water body. This is particularly true 
. . . where the impairments are caused by toxic pollutants."63 

In sum, EPA's rules with respect to the use of data in listing decisions could not be 
clearer: 

All readily available information should be considered; 
Data should not be discounted solely on the basis of age; and 
Use of minimum sample sizes are not appropriate. 

56 43 Fed. Reg. 60662 (Dec. 28, 1978). 
"40 C.F.R.5 130.7(b)(5). 
58 40 C.F.R.5 130.7(b)(5)(iii). 
59 2004 Integrated Guidance at 23-24. 
6"d. at 25. 
Id.at 26. 

62id.at 27. EPA refers the reader to Section D.6, page 47 last paragraph through page 50 of CALM for further 
discussion of this point. 
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SWRCB's proposed volicy, however, contravenes of all of these recommendations by 
establishing rigid data-quality re&irements, setting upper limits on the age of data to be 
considered, and using minimum sample sizes for most assessments. Specifically, the state's 
Draft Policy limits information to "[olnly the most recent data and information (up to 10-years 
old)," though data older than 10 years might be used for limited purposes and then o& in 
conjunction with newer data.64 Similarly, the Draft Policy also states that "[glenerally .. . a 
minimum of 10 or 20 temporally independent samples is needed from each water body segment 
for placement on the planning list or the section 303(d) list, respectively"; though "[flewer 
samples may be used on a case-by-case basis" as described in the California Listing Factors 
portion of the state Guidance on page 31. EPA has already admonished SWRCB on these policy 
elements, stating on page 6 of the July 25' letter that it is "inconsistent with federal listing 
requirements for the state to dismiss a water from further consideration . . . simply because a 
minimum sample size threshold was not met for a particular water body."65 The Draft Policy's 
arbitrary restrictions ensure that listing decisions will be based on something less than complete 
information, and that regulators will be unreasonably constrained from the very beginning of the 
listing process. This is contrary to the intent of the Clean Water Act, and to good public policy 
in general. The policy should be revised to be consistent with EPA's regulations and guidance 
requiring the use of all data, regardless of age and sample size. 

Section 6.2.5.1 of the Draft Policy states that only "actual data that can be quantified and 
qualified" may be used to "assess water quality standards attainment," as opposed to information 
that is "descriptive, estimated, modeled or projected." The EPA rejected this proposal last June, 
stating that it is "inconsistent with federal guidance that water quality modeling is a viable 
method of listing or de-listing," and contrary to federal regulations at 40 C.F.R. § 130.7(b)(?(ii) 
that "require the consideration of information from . . . models in the assessment process."6 

The limitations on data age, sample size and modeling are blatant limitations imposed by 
the Draft Policy on the use of data. However, the Policy unfortunately contains several more 
illegal data limitations that should also be remedied. 

B. 	 Data Quality Requirements Impermissibly Exclude Data and 
Information from 'Consideration 

According to Section 6.2.4 of the Draft Policy, only "high quality" data may be "used in 
the development of the section 303(d) list." Data is considered to be of acceptably high quality if 
supported by a Quality Assurance Project Plan ("QAPP") developed pursuant to 40 C.F.R. § 
31.45 or according to California's Surface Water Ambient Monitoring Program's Quality 
Assurance Management Plan (QAMP).~' Other data may be considered only to "corroborate 
other data and information with appropriate quality assurance and quality control." EPA 
specifically rejected this proposal last June, stating that "[tlhis is simply too restrictive and does 

Draft Policy, Sections 3.1 and 6.2.5.2. 
65 EPA makes this statement when adding back Humboldt Bay, San Antonio Creek, Bolsa Chica, Anaheim Bay and 
Huntington Harbor, all of which had a relatively low number of samples but which had a very high percentage-of 
those samples exceeding standards. EPA states that this action was consistent with 1997 and 2002 EPA technical 
guidance documents that recommend listing where toxics standards are exceeded more than once in any three year 
geriod. 

Letter from David Smith and Peter Kozelka, U.S.EPA Region IX to Craig J. Wilson, SWRCB (June 24,2003) 
(found in Appendix 111). 
67 FED at 201. 



not fit with federal regulations stating that States will consider all readily available 
inf~nnation."~' EPA added that 

[tlhese provisions do not provide a 'good cause' rationale for excluding data and 
information from consideration (see 40 CFR 130.7(b)). These regulatory provisions provide a 
rebuttable presumption that all readily available data and information will be used in the 
assessment process. A great deal of useful data. . . would appear to be excluded from 
consideration under the proposed rule, an outcome which appears in consistent with federal 
requirements.69 

No changes have been made to address this concern, which remains a problem with 
respect to the federal TMDL regulations as well as state law. For example, these data 
requirements appear to be more stringent than the principles governing the admissibility of 
evidence and opportunities for public participation typically used in California administrative 
proceedings?0 In addition, these provisions of the Draft Policy appear to set a higher burden of 
proof than typically used in California administrative proceedings, which is "preponderance of 
the e~idence."~' Because of these illegal data exclusions, EPA found that the state may "miss a 
significant number of impaired and threatened waters."72 This potential for serious error must be 
addressed through a revision that adheres to the regulation's mandate to consider existing and 
readily available data and information. 

C. Statistics Cannot Be Used as an Excuse to Limit the Data That May Be 
Considered 

Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24,2003) 
(found in Appendix 111). 
69 Ida-. 

70 See, e.g., Gaytan v. Workers 'Compensation Appeals Board, 134 Cal.Rptr.2d 516,529-530 (2003) (discussing 
party's opportunity to present evidence and have it considered); McBail & Co. v. Solano County Local Agency 
Formation Comm., 72 Cal .Rptr.Zd 923,926-28 (1998) (discussing agencies' obligation to adequately consider "all 
relevant factors", and disapproving agency's effort to require a party to make a factual showing beyond that required 
by statute); Mohilef v. Janovici, 58 Cal.Rptr.2d 721,736 (1996) ("it is well established that a 'presentation to an 
administrative agency may properly include evidence that would not be admissible in a court of law"'); Desmond v. 
County of Contra Costa, 25 Cal.Rptr. 840,846-847 (1993) (approving use of non-expert opinion testimony in 
agency proceeding); County of San Diego v. Assessment Appeal Board, 195 Cal.Rptr. 895,900-901 (1983) (setting 
aside Board's decision because "it chose to disregard competent evidence"; Calif: Hotel and Motel Assn., 157 
Cal.Rptr. 840 (1979) (discussing public participation objectives of California's Administrative Procedures Act); see 
also California Optometric Assn. 131 Cal.Rptr. 744 (1976) and Carmel Valley View, Ltd., 130 Cal.Rptr. 249 (1976). 
7'See, e.g., Mann v. Dept. ofMotor Vehicles, 90 Cal.Rptr. 2d 277,282-283 (1999) ("Evidence Code section 115 
provides in part that '[elxcept as otherwise provided by law, the burden of proof requires proof by a preponderance 
of the evidence.", rejecting argument that department "had the burden of producing 'clear and convincing [proof] to 
a reasonablecertainty" in administrative proceeding); Sun Benito Foodr v. Veneman, 58 Cal.Rptr.2d 571 (1996) 
(rejecting argument that agency's hearing officer was required to apply a "clear and convincing evidence" standard 
of proof in administrative proceeding); In the Matter of Permits 19259 and 19260, State Water Resources Control 
Board, 1987 WL 54550 (1987) ("Permittee asserts that the standard of proof in this case should be that of clear and 
convincing proof to a reasonable certainty." "Generally, the proper standard of proof in cases where no fundamental 
vested right is involved is the preponderance of the evidence standard.. ..We conclude that changes in water right 
permits likewise are subject to the preponderance standard and substantial evidence review."); Rosas v. Workers ' 
Compensation Appeals Board, 20 Cal.Rptr.2d 778,783-87 (1993) (the burden of proof in a workers' compensation 
proceeding "manifestly does not require the applicant to prove causation by scientific certainty"); and Western Oil 
and Gas Asso. K Air Resources Board, 208 Cal.Rptr. 850,858 (1984) ("The Board therefore should not be required 
to wait until substantial adverse effects are scientifically verified before adopting appropriate standards." 
72 Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24,2003) 
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The Draft Policy as written also does not effectively make it possible to use "all readily 
available information." Several of the policy's provisions have the effect -direct or indirect -of 
causing data to be reduced in significance or ignored altogether. 

First, by requiring hypotheses testing and statistical confidence determinations, the 
Altemative Data Evaluation provisions would fail to use certain types of data that would have 
been considered under a weight of evidence approach. As discussed elsewhere in this letter, data 
indicating spatial and temporal variability would continue to be ignored. Moreover, assessments 
under the Altemative Data Evaluation would be limited to a single line of evidence rather than 
consider multiple lines (especially if they conflict). For instance, assessment of nutrient over- 
enrichment risk involves examining nitrogen compounds, phosphates, chlorophyll a, benthic 
algae, dissolved oxygen, pH, etc.; the Alternative Data Evaluation would not permit all of these 
factors to be evaluated comprehensively. 

Second, the policy's generalized requirements for data averaging and combining data 
from adjacent reaches appear to be arbitrary and have the effect of eliminating data that should 
be considered. Section 6.2.5.4. ("Temporal representation") states that, in general, samples 
should be available from two or more seasons or from two or more events when exceedances 
would be expected. This statement is unclear and could be misinterpreted. Does the policy 
mean two different seasons, or sampling from the same season in two different years? 
Depending on the parameter measured and site-specific conditions, either of these interpretations 
coild be appropriate. As with spatial independence, temporal independence is based on site- 
specific conditions, and proscribed guidance or requirements should be avoided to ensure all 
valid data is used in the listing process. 

Even where data are allowed, the policy as written also does not effectively make it 
possible to use "all readily available information" because it does not take into account some 
approaches to water quality assessment. For example, the Alternative Data Evaluation (Section 
3.1.11) requires hypotheses testing and statistical confidence determinations when some 
methods, such as the "weight of evidence" approach, utilize data representing multiple variables 
that would not have been considered under the Draft Policy's Alternative Data Evaluation 
process. Assessment of nutrient over-enrichment risk, for instance, involves examining nitrogen 
compounds, phosphates, chlorophyll a, benthic algae, dissolved oxygen, pH, etc. Determination 
of impairment often involves the relationships between these parameters as opposed to the level 
of any single parameter. Additionally, impairments associated with biological degradation, 
nuisance (including trash) impacts, excessive sedimentation, and narrative objectives are 
typically observed through data that typically can not be assessed using the narrow assessment 
requirements of Section 3.1.1 1. 

The policy's generalized requirements for data averaging and combining data from 
adjacent reaches (Section 6.2.5.9) do not seem to be based on scientific methods and will have 
the effect of eliminating data that should be considered. For example, the policy indicates that 
"If the averaging period is not stated for the standard, objective, criterion, or evaluation 
guideline, then the samples collected less than 7 days apart shall be averaged." Samples 
collected within a 7-day time frame may be considered temporally independent ifjustified. 

The seven-day time frame is arbitrary. No justification or data are presented that 
indicates that the duration of seven days between sarnvling events is reauired to ensure temvoral . -
independence. More importantly, the time frame required for temporal independence is specific 
to each location and site-specific conditions that existed at the time of sample such as the 



weather conditions. For example, the sampling of a water body before and after a rain event, 
although within a seven-day period, would produce two very different samples that should be 
considered temporally independent. If the seven-day rule were applied, however, any increased 
pollutant caused by the rains could be masked by the pre-rain conditions. Water quality data 
collected from the routine monitoring of California beaches is another example of a dataset in 
which this the seven-day rule would be inappropriately applied. At many of our most popular 
and polluted beaches, coastal beach sampling is conducted daily. Analysis of this type of data 
has indicated temporal independence of these daily samples7'. Another example is objectives for 
dissolved oxygen. If the 7-day rule was applied to a basin plan standard such as "at no time shall 
the dissolved oxygen saturation fall below 85%", the averaging requirement would completely 
eliminate scientifically pertinent data. Streams with oxygen problems often have very high 
values during the day and very low values shortly before dawn. In other cases, impairments can 
take place during flows that may take place only a few days per week. The requirement for 
averaging could have the effect of allowing fish kiIls every Tuesday and Thursday, yet never 
reach the threshold required for listing. We do not support a policy which considers it acceptable 
to "kill all of the fish some of the time, and some of the fish all of the time." 

D. Data Should Not Be Required to Be Presented in SWAMP Format 

The SWAMP data format is extremely complicated and would preclude the inclusion of 
numerous valuable data sets. While we firmly believe that quality assurance is of the utmost 
importance for all data that is to be solicited, we feel the required SWAMP format would place 
an undue burden on submitting entities and reduce the overall amount of data solicited. Citizen 
volunteer monitoring programs, such as the one used by Heal the Bay (with a SWCRB-approved 
QAPP) to provide data for the development of the Malibu Creek Bacteria and Nutrient TMDLs, 
represent an extremely valuable source of additional data. These data are routinely used to fill 
data gaps by providing additional sampling resources both spatially and temporally. 

Requiring all data to be in SWAMP format to be considered by the State or Regional 
Boards would substantially limit the amount of data that could be included in the review process 
because many entities such as nonprofit groups, academic professionals, and private citizens 
would have to invest significant resources to submit data in the SWAMP format. The 
requirement that solicited data must be submitted in the SWAMP format should be removed to 
realistically allow the submission of data collected from a variety of different sources, in 
particular, nonprofit organizations, academic sources, and private citizens. 

E. 	 Specific Spatial and Temporal Representation Requirements Are 
Arbitrary and Illegal 

Specifically-defined spatial and temporal representation requirements also should be 
removed from the policy. Section 6.2.5.3 ("Spatial representation") states that samples collected 
within 200 meters of each other shall be considered the same station or location. Samples 
collected less than 200 meters apart may be considered spatially independent if justified. Section 
6.2.5.4. ("Temporal representation") states that, in general, samples should be available from two 
or more seasons or from two or more events when exceedances would be expected. 

73 B o e b  A.B., Kim., J.H., Mowbray, S.L.,McGee, C.D., Clark, C.D.,Foley, D.M., Wellman, D.E., Grant, S.B., 
2002, "Decadal and shorter period variability of surf zone water quality at Huntington Beach, CA," Environmental 
Science and Technologv, 36 (18): 3885-3892. 



The 200 meters requirement is arbitrary. No justification or data is presented that 
indicates that a 200-meter requirement for spatial independence is applicable to California waters 
in general. More importantly, spatial independence is largely water body-specific. As pointed 
out in the FED @age 205), in California there are many water body types such as lakes, rivers, 
coastal estuaries and lagoons, and bays, all with varying degrees of climatic, geologic, and 
geographic characteristics, that can be affected by widely varying physical conditions. The 
distance of 200 meters has a totally different meaning for water quality along a stretch of coastal 
beach versus a vortion of a small. meandering stream or a coastal estuary. For example, most - * -
NDPES permit receiving water monitoring requires sampling upstream and downstream of 
discharge points. These two points can easily be located within 200 meters of each other, yet 
data collected from these twdpoints should be considered spatially independent. Similarly, data 
collected at the discharge point of a flowing storm drain into the surf zone is measuring a 
different condition than a point located 100 meters away from the discharge point. 

Using 200 meters in the policy will likely have unintended consequences. Defining 
spatial representation in terms of this arbitrary distance can easily become a de facto rule applied 
to all water quality data, particularly by inexperienced Regional Board staff. Requiring 
justification for using a different distance could be interpreted as benchmark that is too difficult 
to meet by overburdened staff. Overall, this 200 meter definition could easily result in the 
disregard of valid data in the listing process, and for small water bodies, may make it very 
difficult to obtain enough data to even consider the water body for listing. These provisions 
should be replaced with a requirement that data evaluations consider the spatial representation of 
the samples, particularly for samples collected in close geographic proximity relative to site- 
specific characteristics and the location of potential sources. 

Similarly, the temporal representation requirement is unclear and could be misinterpreted. 
Does the policy mean two different seasons, or sampling from the same season in two different 
years? Depending on the parameter measured and site-specific conditions, either of these 
interpretations could be appropriate. As with spatial independence, temporal independence is 
based on site-specific conditions, and proscribed guidance or requirements should be avoided to 
ensure all valid data is used in the listing process. The provisions of the current Draft Policy 
should be replaced with a requirement that data evaluations consider the temporal representation 
of the samples, particularly in light of site-specific characteristics including seasonal variability 
and input events. 

Finally, the Draft Policy's requirements for combining data from adjacent reaches 
similarly have the capacity to make a bad segment look good or a good segment look bad 
(Section 6.2.5.6). Combining data from adjacent reaches without a scientifically defensible 
reason censors data by artificially impacting measures of central tendency, sample count, and 
capability for complying with statistical confidence requirements of the policy. 



VI. 	 THE OVERARCHING PROPOSED STATISTICAL METHODOLOGY IS 
BIASED HEAVILY AGAINST LISTING IMPAIRED WATERS 

A. Overall Critique of Methodology 

"There are three kinds of lies: lies, damned lies and statistics." 
- Autobiography of Mark Twain. 

"Scientific uncertainty . . . cannot be entirely eliminated." 
- NRC Report 

The purpose of environmental assessment methodologies in general is to protect the 
environment, as well as society and the economy. Most methodologies provide for some level of 
"confidence" in the assessments: how confident can we be that the methodology is right when it 
says there is not a serious problem? How confident are we that it was correct when it told us that 
there is a problem? 

An ideal methodology would provide for confidence in both of these assertions. 
However, using conventional statistics there is always a trade-off: the more confident we are 
that the method was correct when it told us that there wasn't a problem, the less confident we can 
be that it rightly told us that there was.74 The decisionmaker's solution to this trade-off should 
reflect society's priorities and the purpose of the environmental as~essment.'~ 

In an attempt to eliminate one type of uncertainty - the type that the SWRCB apparently 
believes (but has not shown) would result in economic damage - the SWRCB's proposed listing 
factors would forsake environmental confidence. The results could be catastrophic: in some 
circumstances the factors would result in listing criteria that are so unrealizable in practice that 
aquatic life in a water segment could be dead by the time monitors acquired enough exceedances 
to meet the threshold. Even in the absence of such catastrophes, however, a policy that is 
protective of putative economic concerns at the expense of water quality is plainly at odds with 
the Clean Water Act's purpose for Section 303(d). Assessment under Section 303(d) of the 
Clean Water Act should work in favor of protecting water quality. As discussed elsewhere in 
this letter, the 303(d) listing procedure and TMDL development is a "safety net" - the last hope 
for protection and improvement in water quality in a program that already reflects Congress' 
view that such protection is both environmentally and economically desirable. 

B. The Methodology Is Technically Flawed 

The use of statistics in making water quatity assessment decisions 
should not be duplicative, and should not ignore unusual water quality 
conditions. 

According to the FED, the use of statistics in making water quality decisions will help 
answer the question "[dloes a water quality sample accurately reflect actual conditions in the 

74 Robert R. Sokal and F. James Rohlf, Biometry: The Principles and Practice ofSratistics in Biological Research 
(1995)at 162. 
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water body?"76 There are several reasons why a water quality sample might reflect actual 
conditions in the water body; these include: (1) the sample was improperly collected, analyzed, 
or reported; (2) the sample came from a location in the water body in which water quality 
conditions differ from the norm; and (3) the sample was taken at a time when water quality 
conditions differed from the norm.77 

In general, the first issue -whether data was correctly collected, analyzed and reported -
is addressed at the monitoring and analysis stage, for which the Draft Policy sets "data quality 
requirements." According to the FED, data is considered to be of acceptable quality if supported 
by a Quality Assurance Project Plan ("QAPP") developed pursuant to 40 C.F.R. 5 31.45 or 
according to California's Surface Water Ambient Monitoring Program's Quality Assurance 
Management Plan (QAMP).~' QAPPs developed according to either the federal or SWAMP 
guidelines will contain assurances against erroneous laboratory procedures, systematic error 
sources, extraction and instrument error, and data transfer protocols to protect against transfer 
errors, and transcription, calculation, and input errors. 79 Taken together, these assurances 
substantially mitigate.the possibility of operator and instrument error, and create a very high 
level of confidence that samples under these programs were properly collected, analyzed and 
reported. Consequently, the application of statistics in the manner proposed would duplicate the 
error-management mechanisms of QAPPs. 

The second two issues - that the sarnpIe was collected at a time or location that does not 
reflect the normal water quality in the water body -are not related to error at all. In fact, such 
samples & reflect the actual conditions of the water body at some time and in some place. The 
application of most conventional statistical methods to datasets containing such samples would 
tend to "erase" their impact, instead of prompting evaluation of the conditions that gave rise to 
such unusual data." Consequently, the application of statistics under these circumstances has 
the effect of masking hotspots, periodic inputs of constituents, and trends. 

Furthermore, according to EPA, the "[lo% rule-of-thumb] is intended to account for 
measurement error and the potential that small data sets may not be fully representative of 
receiving water conditions."'' In other words, the 10% rule is not an "acceptable" exceedance 
rate; there is no such thing as an acceptable exceedance rate -water bodies should be added to 
the list whenever they do not meet water quality criteria. Instead, the 10% rule is a convenient 
means of establishing confidence in data that indicate that samples exceed water quality 
criteria. It is, therefore, redundant to apply statistics the 10% rule to the same data set. 

EPA raised this issue with the SWRCB last June, stating plainly that the reliance on the 
10% exceedance rule 

is based on an incorrect reading of EPA guidance concerning allowable water 
quality exceedance rates. The assertion that EPA endorses the use of a 10% 

FED^^ 141. 
77 Samantha Bates, et al., "Bayesian Uncertainty Assessment in Deterministic Models for Environmental Risk 
Assessment," NRCSE Technical Report Series No. 058 (November 13,2000) at 2 ("In addition to this uncertainty, 
there may be variability, natural heterogeneity in the population of interest or across space and time."). 
78 FED at 201. 
79 See, e.g., Max Puckett, Quality Assurance Management Plan for the State of California's Surface Water Ambient 
Monitoring Program ("SWAMP"), California Department of Fish and Game, Monterey, CA (2002), available at 
http://www.swrcb.ca.gov/swamp/docs/swamp~qapp.pdf.
80 See Sokal and Rohlf, supra, at 157-169. 

2004 Inteerated Guidance at 30. 

http://www.swrcb.ca.gov/swamp/docs/swamp~qapp.pdf


standards exceedance rate is incorrect. The EPA 305(b) guidance (1997) 
refers to the use of a 10% exceedance rate as a method for assessing data 
sample sets -not as an acceptable exceedance rate in the 'population'. The 
use of this exceedance rate in a binomial assessment method has not been 
shown to be protective of water quality nor consistent with water quality 
standards requirements. It is likely that use of this exceedance rate will 
increase the number of water bodies that do not meet water quality standards, 
which are missed in the listing decision. Moreover, use of a 10% exceedance 
rate test has never been acceptable for toxic pollutants where aquatic life uses 
are at issue. 8 2 

EPA recommended instead criteria development approaches based on a 95% compliance 
rate for conventional pollutants and a more stringent compliance rate for toxic pollutants of "at 
least 9 9 %  in the context of a binomial method, or "where 2 or more samples exceed the [CTR 
rule standards for aquatic life] in any 3 year period."83 EPA also criticized the use of the model's 
arbitrary selection of five exceedances for sample sets less than 20, finding that "there is no 
technical rationale for this decision."84 

In sum, we believe that statistics should not be used to mask real (if unusual) water 
quality characteristics, and should never be applied in a duplicative fashion. SWRCB's proposed 
listing methodology does both. The selection of the binomial approach implicitly endorses 
"erasing" important but infrequent or spatially isolated exceedances. The use of the binomial 
approach together with the 10% rule is duplicative, overcompensating for uncertainty and 
making it extremely difficult to demonstrate impairment -no matter how genuine. Moreover, 
the selection of such a rigid decision model disregards the existence of the already protective 
QAPP program. The SWRCB must incorporate these factors into the final decision rule. 

Under the Draft Policy's binomial approach, the level of confidence 
required to reject the null hypothesis is too high 

The binomial statistic used by the SWRCB in its proposed guidance is designed to test 
the hypothesis that 10% of the samples in a set of data measuring a constituent will exceed the 
water quality objective for that constituent. The method permits rejection of this hypothesis only 
when the data demonstrate to a 90% certainty that the assumption is untrue. In other words, the 
methodology asks the question: "assuming the water body has a 10% exceedance rate, how many 
dirty samples would I have to see before I was 90% sure that 10% is the true exceedance 
rate?" 

One consequence of requiring this level of confidence before the hypothesis can be 
rejected is that the data must not only demonstrate difference from the hypothesized condition, 
they must demonstrate significant difference.'' In the case O~SWRCB'H broposed binomial 
approach, it is not enough for the data to indicate that there are more than 10% exceedances; they 
must demonstrate that there are significantly more. As EPA put it: "[sltarting with the 
assumption that a water is 'healthy' when employing hypothesis testing [like the binomial 
approach] means that a water will be identified as impaired and placed in Category 4 or 5, only if 

82 Letter from David Smith and Peter Kozelka, U.S.EPA Region IX to Craig J.  Wilson, SWRCB (June 24, 2003) 

(found in Appendix 111). 

83 Id. 

s4 Id. 
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substantial amounts of credible evidence to refute the presumption that the water is not 
impaired are brought to light."86 In the case of SWRCB's binomial approach, the evidence 
required is practically unattainable. For example, for some sample sizes, a demonstration that 
the actual exceedance rate is greater than the 10% necessitates a 30% exceedance rate. We 
vigorously oppose requiring this level of proof that water quality standards are exceeded. 

As noted by EPA above, the Draft Policy's hypothesized 10% exceedance rate appears to 
be based on a misunderstanding of EPA's 10% rule-of-thumb. As discussed above, the 10% rule -
is itself a means of mitigating against uncertainty in data - it is not an acceptable level of 
exceedance. SWRCB, however, proposes requiring a strong demonstration that samples not only 
exceed water quality criteria, but also exceed the confidence buffer provided by the 10% rule. 
There is no logical reason for selecting this exceedance rate: it is not based on prior information 
on the condition of the water body. Nevertheless, the rigidity of this statistical has the effect of 
entrenching this assumption and making it nearly impossible for data to disprove it. 

The binomial model "mash "spatial and temporal variability and 
disregards exceedance magnitude 

As noted above, the binomial model -like most conventional statistical 
approaches -tends to mask spatial and temporal variability by treating unusual data points as 
erroneous rather than reflections of a water quality condition that is either spatially or temporally 
variable. 

Figure 1: Periodic temporal variability. 

The binomial approach fails to account for periodic temporal variability. Figure 1, above, 
illustrates this type of variability. In this simulation, 100 samples are analyzed, but only three 
exceed the water quality criterion. Under the binomial methodology as proposed by SWRCB, 
this water body would remain unlisted despite the fact that these exceedances clearly occur at 
regular intervals and could reflect seasonal input or some other regular event. Seasonal or 
regular inputs of many constituents pose risks to human health and aquatic life, and should not 
be ignored. 



-Water Quality 

Figure 2: Trend temporal variability. 

The binomial approach fails to account for temporal variability arising from a trend. 
Figure 2, above, illustrates this type of variability - in this case, increasing concentration of some 
constituent over time. In this simulation, 10 samples are analyzed and two exceed the water 
quality criterion. Under the binomial methodology as proposed, this water body would remain 
unlisted despite the fact that there is an obvious trend indicating decreasing water quality. Such 
a trend should not be ignored and cannot be, given the fact that "threatened" waters must be 
identified and incIuded on the Section 303(d) List. The listing methodology should ensure that 
water bodies showing decreasing water quality conditions are listed. 

The binomial approach fails to account for spatial variability. Spatial variability occurs 
when sample concentrations vary depending on their origin within the assessment unit. A 
dataset composed of 20 samples might have only two exceedances of a water quality criterion -
not enough for listing under California's proposed Policy. However, if both exceeding samples 
originated from a particular area within the assessment unit, they should be cause for alarm. The 
listing methodology should ensure that water bodies in which there are "hotspots" of high 
constituent concentrations are listed. 

Finally, the binomial approach fails to account for exceedance magnitude. In other 
words, even if the excursions above the criterion are enormous, as long as fewer than the critical 
number of exceedances are observed, the binomial will not call for listing the water body. In 
light of the protections against collection and analysis error inherent in the data quality 
requirements, we believe that high-magnitude exceedances are most likely reflections of real 
water quality conditions, and simply cannot be ignored. Even if high-magnitude exceedances 
reflect unusual water quality conditions, such conditions may nonetheless have serious adverse 
impacts on human health and aquatic life. The listing methodology should ensure that water 
bodies with high-magnitude exceedances are listed. There is no basis stated for, and no evidence 
in the record in support of, the Draft Policy's approach to this issue. 

The binomial approach is severely biased against precautionary 
listing decisions. 

Conventional hypothesis testing approaches have two types of "error" associated with 
them: Type I error and Type I1 error. Type I error occurs when a statistical model rejects a true 
hypothesis. Type I1 error occurs when a statistical model accepts a false hypothesis. In the case 
of SWRCB's proposed methodology, the hypothesis is that the water body is clean. 



Consequently, a Type I error would be where the model indicates that water body is impaired 
when it is actually clean; and a Type I1 error would be where the model indicates that the water 
body is clean when it is actually impaired. 

As noted above, all hypothesis-testing statistics have some probability of both types of 
errors, but the likelihood of these errors can be controlled to some extent. EPA recommends that 
states attempt to minimize the likelihood of making types of errors.87 They acknowledge, 
however, that "[wlith a fixed number of samples, as the probability of Type I error decreases, the 
probability of Type I1 error increase^."^^ Consequently, there will always be a tradeoff between 
Type I and Type I1 error, and a state will have to either express a preference for one type of error 
or another, or else balance the likelihood of making each error type. 

The selection of a favored error type, then, should reflect the priorities of the state as well 
as the requirements of the law. As illustrated in Table 1, California's policy is 81 to 362 times 
more likely to fail to list an impaired water body than it is to list a clean one. Implicit in this is 
that California is up to 362 times more concerned with preserving TMDL-development resources 
than it is with preserving water quality. We find this preference unconscionable and, as noted 
elsewhere, inconsistent with the intent of Section 303(d). As we explain in a later section of this 
letter, a strict application of the Precautionary Principle consistent with the Clean Water Act 
would call for a reversal of these priorities - that California should prefer to err in favor of 
listing, thus fulfilling its obligation to protect and enhance the quality of its waters. At a 
minimum, the probability of failing to list an impaired water body should be substantially 
reduced, even at the expense of increasing the probability of erroneously listing a clean one. 

2004 Integrated Guidance at 28. 
Id, at 28. 



Probability 
Probability of failing 
of listing a to list 

clean impaired 
Sample Listing water water Error Type 

Size threshold body body Ratio 

Table 1: probabilities of making listing errors under the Draft Policy. The probabilities and 
listing criteria are derived in Attachment A to Appendix I. 

As described in more detail below, the Draft Policy relies heavily either on the statistical 
model or on the assumptions and confidence bounds underlying the statistical model, to the point 
that essentially the entire methodology, including the "alternative" data evaluation process, is an 
extension of this model. As a result, the entire Draft Policy suffers from the deficiencies of the 
statistical model and its bias in favor of ignoring dirty waters. Details for specific constituents 
and categories of constituents are detailed below. In short, the Draft Policy must be significantly 
overhauled, as described in Section VIII. below, if it is to be both legally and technically 
supportable. 

C. The Methodology Is Legally Deficient 

I .  The Methodology Violates Water Quality Standards Provisions 

EPA said it most clearly: the proposed "[p]rocedures for assessing exceedances of 
numeric standards for many pollutants conflict with existing water quality standards, most 



notably toxic^."^^ EPA's 1997 and 2002 technical guidance documents similarly '"recommend 
listing of toxic pollutants in cases where standards are exceeded more than once in any three year 
period."90 The details behind these findings are provided below. 

The Policy's Statistical Test is Unlawfully Inconsistent With Water Quality 
Standards for Toxics. 

The statistical testing procedures at the heart of the ~ o l i c ~ ~ '  violate section 303 (d) 
because they will fail to list (or cause to be delisted) a large number of waterways in which water 
quality standards ("WQSs") are not being achieved. The Clean Water Act requires California to 
identify those waters for which existing technology-based pollution controls are not stringent 
enough to ensure that the WQSs are applicable to such waters are achieved and maintained.92 
These standards are established under CWA § 303 by the State or U.S. EPA. Once established in 
a basin plan, policy or rulemaking these standards have the force of law. 

For example, the California Toxics Rule ("CTR") establishes standards for 126 of the 
most toxic vollutants. The CTR includes chemicals such as dioxin, the most toxic synthetic 
chemical know to man; potent neurotoxins like the heavy metals mercury and lead; dangerous 
chlorinated compounds like PCBs and DTT; and the pesticide acrolein, a component in tear gas. 

The CTR standards for these dangerous and harmful chemicals include two types of 
numeric criteria, chronic criteria and acute criteria. An acute criterion "is the highest in-stream 

more than once every three years on the average."g 
concentration of a priority toxic pollutant consistin !of a short-term average not to be exceeded 

A short-term average is a one hour average. 
This means that the waterway will be severely damaged if pollutant levels exceed the acute 
numeric criteria for more than one hour in three years. Therefore, if one sample is taken per day 
the standard will be violated if the criterion is exceeded twice out of every 1095 consecutive 
samples (i.e.,eighteen hundredths of one percent, or 0.18%). A chronic criterion "is the highest 
in stream concentration of a priority toxic pollutant consisting of a 4-day average not to be 
exceeded more than once every three years on the average." Here, if one sample is taken every 
fourth day the standard will be violated if the criterion is exceeded twice out of every 273 
consecutive samples (i.e.,seventy-three hundredths of one percent, or 0.73%). 

The Policy does not include a single provision that incorporates or acknowledges the 
allowable exceedance frequency language of the CTR standards. The Policy operates on the 
assumption that the standard is the numeric criteria alone. This is not the case. The beneficial 
uses are themselves a part of the Thus, the exceedance frequency that protects that 
beneficial use is an absolutely essential aspect of the standard. Moreover, the CTR itself 
establishes a procedure for altering the allowable exceedance frequencies." The procedure 
requires EPA review and approval?6 The failure of the policy to incorporate the CTR 

89 Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24,2003) 

(found in Appendix 111). 

' O  Letter from Alexis Strauss, U.S. EPA Region IX to Celeste Cantu, SWRCB (July 25,2003). 

91 Policy $5 3.1.1 through -3.1.11 and 5 s  4.lthrough 4.10, including the Alternate Data Evaluation procedures set 

forth in section 3.1.11 and4.10. 

92 33 U.S.C. 5 1313(d);40 C.F.R. 5 130.7(b)(l), 130.10. 


40 C.F.R. 131.38 5 (c) (2) (iii). 
94 33 U.S.C. §1313(c)(2)(A). 
95 40 C.F.R. 131.38 5 (c) (2) (v). 
96 Id. 
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allowable exceedance frequency renders it utterly unable to protect the underlying beneficial 
uses. The FED provides no explanation for this radical departure from the CTR standards. 

Instead, the Policy disregards this part of the standards and establishes its own "critical 
rate of exceedances" of 10%. This exceedance rate is then combined with a statistical test that 
raises the bar even higher.97 This mechanism simply cannot be reconciled with the CTR 
standards. This switch results in a test that is less protective than the standard by orders of 
magnitude. Using the examples discussed above, where 1095 samples are taken rather than 
requiring 2 exceedances as called for by the CTR, the Policy demands 123 in order to list. In the 
case of 273 samples the policy demands 35. Thus the Policy requires 121 and 33 more hits, 
respectively, than the CTR standard. This implies that in these examples the Policy is 15 to 60 
times less protective of the beneficial use than the plain language of the standard. Even at much 
smaller sample counts the Policy is disturbing. For sample populations of less than twenty the 
policy requires 5 samples to exceed the CTR value. This is a range of 25-100% exceedances, 
with no possibility that sample populations of less than 5 will be listed. 

Moreover, the Policy's test substitutes an orange for an apple. The CTR allowable 
exceedance frequency is independent of the number of samples taken. Whether 10 samples are 
taken or 500 the question is whether over three years the numeric values have been exceeded 
more than once. In stark contrast, the Policy's hypothesis testing is tied to sample count and 
totally divorced from any time period. 10% is required regardless of whether the samples are 
taken over a month or 10 years. This creates a perverse result. Under the Policy the frequency 
of impairment that is allowed will vary wildly depending upon the number of samples that are 
taken over a given period of time. For example if 500 samples are taken over a three year period 
the Policy requires 60 exceedances before a listing will occur, whereas, for 100 samples 15 
exceedances will suffice. This suggests that one water body is permitted to exceed the numeric 
criteria four times as often as another merely because more samples have been taken. This is 
simply arbitrary. 

In defense of its methods, the FED states that its statistical test is designed to reduce 
"variability, uncertainty, and the potential for error."98 However, the FED provides absolutely 
no evidence to demonstrate that sampling data for the toxic chemicals on the CTR list are subject 
to variability, uncertainty or the potekiaifor error. There is nothing presented to justify the -
extreme consequences described above. In fact, all the available evidence suggests just the 
opposite -- thatthere is an exceedingly small likelihood of wrongly d e t e ~ t i n ~ a ~ ~ ~  constituent 
in the water column. Quality control procedures such as those set forth in the SWAMF,Quality 
Assurance Project Plan include provisions for both field and laboratory blank samples and ultra- 
clean sampling techniques. These provisions provide protection against false positive detections. 
The science shows that there is a vastly greater likelihood that sampling will not detect the 
presence of one of these toxic chemicals even when it may be present at a level that cause 
impairment. Id. Consequently the statistical test applied to CTR constituents and similar 
standards is arbitrary and capricious and conflicts with the mandates of the CWA. A measure 

97 This 10% rate is then tested using the binomial model with a 90% confidence interval. In all cases this 
mechanism worsens the problem by requiring an even larger number of sample exceedances in order to demonstrate 
the water body should be placed on the list. See Draft Policy Tables 3.1 and 4.1. 
98 FED at 143. In other sections we demonstrate that the Policy actually addresses "variability, uncertainty, and the 
potential for error" in an incredibly biased manner. The Policy intentionally increases the error of not listing 
polluted waterways in order to reduce the chance of wrongly listing an unimpaired waterway. 



with the potential to reduce protections for waterways must be justified by ample evidence of a 
problem. No justification is provided. 

The Policy's Statistical Test is UnlawfullyInconsistent With 
Water Quality Standardsfor Other Constituents. 

The CTR standards are but one example of the inappropriate application of the 
statistical test to a water quality standard. The statistical test is similarly problematic as applied 
to parameters that include, but are not limited to: 

narrative Basin Plan objectives for Toxicity, which typically allow "no 
toxics in toxic amounts" or simply "no toxicity." The Policy's approach 
would allow "toxics in toxic amounts" and "toxicity" in excess of 10% of the 
time before triggering a listing. 

numerous Basin Plan objectives for conventional pollutants which rarely 
allow an exceedance rate of 10% or greater 

natural sources 

The Policy S Statistical Test Constitutes an Illegal Modification 
of Existing Water Quality Standards. 

Despite numerous assertions to the contrary in the FED, the proposed Policy's 
statistical test will in effect alter and modify existing water quality standards. As described 
above, the policy substitutes its statistical test (10% "Critical Exceedance Threshold" coupled 
with a bin~mialhypothesistest) for the exceedance frequency specified in various water quality 
standards. Of greatest concern is the substitution contemplated for the frequency specified for 
toxic chemicals by the CTR, 

The FED argues that because the Policy does not change the standard for all purposes, the 
standard has not been changed and points to other uses of standards such as the development of 
effluent limits and enforcement of standards that will not be directly impacted by the 
This argument amounts to the following: if a standard is not changed for all purposes it is 
changed for none. This illogical reasoning must be rejected. The Policy will alter standards for 
purposes of the CWA's bedrock TMDL program, arguably the most important purpose for which 
standards are used. That is enough to trigger the standards revision process. 

When a state revises or adopts a new water qualit standard, the new or revised standard 
must be submitted to the EPA for review and approval.'^' Such revisions are subject to public 
review and ~ornment. '~ 'More importantly, the revision must be supported by a finding that the 
revised standards will protect beneficial uses.'02 In addition, federal regulations set forth the 
minimum requirements for a standards revision, which include an articulation of the "methods 
and analyses conducted to support" the revision and an attorney general certifi~ation.'~' 

None of these requirementshave been met. The state does not intend to submit the 
Policy to U.S. EPA for review. The Policy and the FED have not been forthright about the 

- -- -.- .- . 
'0° 33U.S.C. 1313(c)(2) and40C.F.R. $ 130.9(a)(3), 131.5,131,21(c)(2)(e), 
lo' 40C.F.R.5 131.20. 
10240C.F.R.$5  131.6(~),130.3,131.2. 
lo' 40C.F.R. 6~131.6. 



standards change and consequently the public has been excluded from participation in this 
process. The Policy and FED do not and cannot make the required finding regarding beneficial 
uses. Nor have methods and analyses been conducted to support the revision and no attorney 
general certification has been prepared. In short the WQSs revision meets none of these 
requirements and is consequently illegal. 

The FED references a court decision regarding Florida's listing asserting that 
Florida's statistical approach "has been found to neither formally nor in effect establish new or 
modified existing water quality standards or policies generally affecting those water quality 
standards (Florida Public Interest Group et al. vs. US.EPA et al., 2003)."'~~ The Board should 
take little comfort in the Florida decision because the case's holding is far narrower than the FED 
suggests.'06 The petitioners in the Florida case brought suit against U.S. EPA for failing to 
exercise its non-discretionary duty to review the Florida Policy as a change in standards under 
CWA section 303(c)(2). The court did determine that U.S. EPA's duty was not triggered, 
however, the courts decision was explicitly predicated on U.S. EPA's administrative finding that 
the Policy did not modify WQSs. Here, EPA has made no such finding; rather, EPA has come 
to precisely the opposite conclusion regarding Califomia's Listing ~ o l i c ~ . ' ~ '  Assuming a 
California court provides the same level of deference to U.S. EPA as the court in the Florida 
case, California' procedure will be found to be an illegal change in standards. 

2. 	 The Adoption of the Methodology Would Violate California's 
Antidegradation Policy 

State antidegradation policy, which incorporates federal antidegradation 
requires that California "maintain existing Beneficial Uses of navigable waters, preventing their 
further degradation." PUD No. I of Jefferson County v. Washington Dept. of Ecology, 51 1 U.S. 
700,705 (1994); see also SWRCB Resolution No. 68-16; 40 C.F.R. 5 131.12. Under the policy, 
the state must make an "antidegradation finding" if water quality is reduced as a consequence of 
an action taken by the State Board. See Memorandum from William Attwater, SWRCB Chief 
Counsel, to Regional Board Executive Officers 5 (Oct. 7, 1987) ("antidegradation policy is 
triggered by a lowering of surface water quality") ("Attwater Memo"); Memorandum from 
James W. Baetge, Executive Director, SWRCB, Antidegradation Administrative Procedure 
Update, at 4 (July 2, 1990) ("Antidegradation APU"). Consequently, the policy's applicability 
"need not be triggered by a discharge or any particular 'activity'." USEPA, Region IX letter to 
Edward Anton, Acting Executive Director, SWRCB (May 26,2002). Rather, an antidegradation 
analysis must be conducted and antidegradation effects must be considered whenever there is the 
potential for an increase in the emissions of a pollutant, "even if there is no other indication that 
the receiving waters are polluted." Antidegradation APU at 4; see also In re Rimmon C. Fay, 
SWRCB WQO 86-17 at 21 (Nov. 20, 1986). 

lo' Florida Public Interest Research ~ r o " ~  Citizen Lobbing, Inc., et al., v. U.S. EPA et al. 4:02vc408-WS (2003, N. 
D. Fla.) Order Granting Defendants' Motion for Summary Judgment. 

Io5 FED at 143-144. 

Io6 In addition, we believe the Florida case was wrongly decided. 

I" Letter from David Smith and Peter Kozeika, U.S. EPA Region IX to ~ r a i g  J. Wilson, SWRCB (June 24, 2003) 

(found in Appendix 111). 

log The State Water Resources Control Board has constmed California's antidegradation policy, which is embodied 

in SWRCB Resolution 68-16, to incorporate the federal antidegradation policy embodied in 40 C.F.R. 5 131.12 

wherever that policy applies (i.e. to waters of the United States). See In re Rimmon C. Fay, SWRCB WQO 86-17 at 

17-18 (Nov. 20, 1986); see also Memorandum from William Attwater, SWRCB Chief Counsel, to Regional Board 
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As concerning the statistical methodology adopted by the state for establishing the 303(d) 
list, the FED, which analyzes the consequences of implementing this methodology, readily 
admits that the statistical method of establishing the 303(d) list will remove currently listed water 
bodies from that list without any new information that demonstrates that that water body is not 
truly impaired. See FED at 167,174,182-83. The resulting abandonment of TMDLs and their 
attendant waste load allocations for these previously listed water bodies would, or at least could 
potentially, result in an increase in mass emissions of pollutants to these water bodies over and 
above what would be allowed with a TMDL was in place. This increase in emissions is 
sufficient to trigger the state's antidegradation policy. See Antidegradation APU at 4. 

Furthermore, given that application of the statistical methodology will result in truly 
impaired water bodies not being listed (see supra), any antidegradation analysis will reveal that 
adopting the statistical method~logy is prohibited. his can be easily demonstrated. The first 
step in conducting any antidegradation analysis is to determine whether or not the proposed 
action will lower water quality. Antidegradation APU at 7; see also Region 9, U.S. EPA, 
Guidance on Implementing the Antidegradation Provisions of 40 CFR 131.12 at 3 (June 3, 1987) 
("EPA Guidance"). The next step is determining whether water quality is better than necessary 
to support designated uses. Antidegradation APU at 7. If water quality is not better than 
necessary to support designated uses, the action is prohibited. Id. 

As discussed above, the "delisting" of a previously listed water body will reduce water 
quality in that water body. Then, by definition, given some or all of the "delisted" water bodies 
will be actually impaired (due to the propensity of the methodology to favor de-listing impaired 
waters), associated water quality is not better than necessary to support designated uses. 
Therefore, under Califomia's antidegradation policy, the "delisting" as a result of applying the 
statistical methodology is prohibited. Antidegradation APU at 7; EPA Guidance at 10; see also 
In re Rimmon C. Fay, SWRCB WQO 86-17 at 21 (given that increase in suspended solids and 
associate bacteria caused by reduction in level of treatment may contribute to a violation of water 
quality objectives, reduction in treatment is inconsistent with the requirement that existing 
instream water uses and the level of water quality necessary to protect them shall be maintained 
and protected). Given that the adoption of the statistical method results in violations of 
Califomia's antidegradation policy, adopting the Drafi Policy itself violates antidegradation 
policy. 

3. 	Application of the Methodology Would Create Conditions Constituting 
Further Violations of the Anti-Degradation Policy 

Aside from the impropriety of establishing this methodology absent an anti-degradation 
analysis and consistency with anti-degradation requirements, the methodology's requirenients 
are sufficiently insensitive so as to trigger additional violations of these provisions over time. 
Section 3.1.10 of the Draft Policy, which addresses "trends in water quality," is not a substitute 
for a methodology for identifying threatened (or impaired) waters for a number of reasons. Most 
significantly, listing a water body based on declining water quality should not require the 
determination of the occurrence of adverse biological response, degradation of biological 
populations and communities, or toxicity, as Section 3.1.10 recommends. This Section sets an 
artificially high bar for assessing "threatened" waters for purposes of listing, as discussed in 
more detail elsewhere in these comments. 

Determining that a water body is violating antidegradation requirements (the stated focus 
of this section) before being listed for declining water quality should not require the observation 



of such severe reactions to pollution. These observations often indicate impairment without 
Section's 3.1.10's accompanying requirements (three years of data and statistical analyses 
compared to baseline conditions). 

More specifically, the requirement that adverse biological response, degradation of 
biological populations or toxicity is observed in and of itself is too onerous because most water 

monitoring does not include these more expensive and sophisticated tests. Under this 
policy, many water bodies with declining water quality would not be listed because these tests 
were not conducted. Importantly, there would be a disincentive to perform these tests or 
assessments. The end result of this policy would be a severe impact must be observed before the 
State can determine that antidegradation requirements are being violated. This is unacceptable 
and in violation of the antidegradation requirements of the CWA and State policy, and as a result 
the requirement that staff must "[dletermine the occurrence of adverse biological response, 
degradation of biological populations and communities, or toxicity" must be removed from the 
list of requirements the Regional Boards must meet to list a water body for declining trends in 
water quality. 

4. TheMethodology Violates CEQA 

Under CEQA, a state or local agency must initiate environmental review prior to carrying 
out or approving any discretionary action that may have a significant impact on the 
envir~nment. '~~If the agency finds that a project may have a significant effect on the 
environment, the agency must prepare an environmental impact report ("EIR")."~ 

CEQA provides a limited exemption from its EIR requirement for state agency regulatory 
programs whose written documentation containing environmental information serves as a 
functional equivalent of an EIR, and the Porter-Cologne Act contains an additional exemption 
associated with the issuance of waste discharge requirements."' The State Board Draft Policy 
process has been certified as functionally equivalent program to which the Porter-Cologne Act 
exemption does not 

While an environmental impact report ("EIR") is not required for certified regulatory 
programs, the Board's decision to adopt a Draft Policy must still comply with the policies and 
provisions of CEQA from which it is not specifically exempted.lI3 Thus the broad policies ex- 
pressed in CEQA at Pub. Res. Code § 21000 and the substantive standards of CEQA at Pub. Res. 
Code 5 21001 as well all other provisions of CEQA apply to review and approval of the Draft 

Io9 See Friends of Westwood, Inc. v. City of Los Angeles, 191 Cal. App.3d at 267,269-270. 

"O Pub. Res. Code 6 21 100(a); Bozung v. Local Agency Formation Corn. (1975) 13 Cal. 3d 263,277-279. CEQA 

defines a "significant effect" as a "substantial, or potentially substantial, adverse change." Pub. Res. Code, 5 21068. 

This means that an activity has a significant effect if it "has t h e m  to degrade the quality of the environment." 

See also 14 Cal. Code Reg. 5 15382; Santa Monica Chamber of Commerce v. City of Santa Monica (2002) 101 Cal. 

App. 4" 786,795; Amsa Land Reclamation Co. v. Main San GabrielBasin Watermaster, supra, 52 Cal. App.4th at 

1192. (Citing Pub. Res. Code 5 21083.) (emphasis added.) 

"I Pub. Res. Code 5 21080.5(a);Sierra Club v. State Ed. ofForestry, supra, 7 Cal. 4th at 1229-1230; Citizens for 

Non-Toxic Pest Control v. Department ofFood & Agriculture (1986) 187 Cal. App. 3d 1575, 1584. 


14 Cal. Code Reg. 5 15251(g). 
113 See 5 21080.5(c) (Certified regulatory programs exempt from the provisions of Chapter 3 (commencing with 
section 21 100) and Chapter 4 (commencing with section 21 150) and with the timetable section for judicial review 
(section 21167.) Mountain Lion Foundation v. Fish & Game Commission 16 Cal. 4Ih 105, 114 (1997); Sierra Club 
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~ o l i c ~ . " ~This includes CEQA directives that an agency consider the cumulative impacts of its 
project approvals,115 provide timely and adequate responses to comments made by the public,116 
and consider feasible alternatives to the proposed action."' 

The guiding principle in the review of projects under CEQA is that CEQA must be 
interpreted so as to afford the fullest possible protection to the en~ironment."~ EIRs and their 
functional equivalents under certified programs demonstrate to an apprehensive citizenry that the 
agency has analyzed and considered the ecological implications of its action.'lg These CEQA 
policies are also included in the State Board's regulations at 23 Cal. Code Reg. 3775 et seq. 

The FEDfails to identzfi, analyze and mitigate numerous signzjkant 
and potentially signifcant adverse environmental effects of the 
project. 

CEQA requires that EIRs and fknctionally equivalent documents identify and 
analyze all significant and potentially significant adverse environmental effects of the project. 
CEQA defines "significant effects" as a "substantial, or potentially substantial, adverse change." 
Pub. Res. Code, 8 21068. (emphasis added.) See also Pub. Res. Code 8 21083(a); Santa Monica 
Chamber of Commerce v. City of Santa Monica (2002) 101 Cal. App. 4th 786,795; This means 
that an activity has a significant effect if it "has the potential to degrade the quality of the 
environment." See also 14 Cal. Code Reg. 3 15382;Azusa Land Reclamation Co., supra, 52 Cal. 
App.4th at 1192. 

The CEQA Guidelines require a mandatory finding of significance for projects that will 
cause "substantial adverse effects on human beings, either directly or indirectly," as well as 
projects with "potential to substantially degrade the quality of the environment, substantially 
reduce the habitat of a fish and wildlife species, cause a fish or wildlife population to drop below 
self-sustaining levels, threaten to eliminate a plant or animal community, reduce the number or 
restrict the range of an endangered, rare or threatened species." 14 Cal. Code Reg. 8 15065.See 
also CEQA guidelines, Appendix G, 8 XVII ("Mandatory Findings of Significance.") 

The'FED summarily concludes that there will be absolutely no impact from this sweeping 
and dramatic policy change, not even a "less than significant impact." FED, Environmental 
Checklist, pp. 242-248. Potentially adverse environmental effects are disposed of in a series of 
curt and conclusory paragraphs with no analyses whatsoever. FED,Environmental Effects of 
the Proposed Policy, at 218-241. Potentially simificant adverse environmental effects are 

Sierra Club; Ultramar, Inc. v. South Coast Air Qualify Management Districr (1993) 17 Cal.App.4th 689,699; 
EPIC v. Johnson 170 Cal.App.3d at 609-61 1 .  Accord Schoen v. CDF, supra, 58 Cal. App. at 565-567; Friends of 
Old Trees v. CDF, supra, 52 Cal. App. 4th at 1394. Laupheimer v.State of California (1988) 200 Cal.App.3d 440, 
462; Gallegos v. State Bd. ofForestiy, supra, 76 Cal. App.3d at 952; Natura[Resources Defense Council, Inc. v. 
Arcara Nut% Corp. (1976) 59 Cal.App.3d 959,963,969. 
115 EPIC v. Johnson, supra, 170 Cal. App. 3d at 625 
116 Id, at 622; Dunn-Edwards Corp. v. Southcoast Air Qualify Management District (1993) 19 Cal. App. 4th 519, 
534; Pub. Res. Code 5 21080,5(d)(2)(D).
117 Friends of Old Trees v.Dept. ofForestry andFire Protection, supra, 52 Cal. App. 4" at 1404-1405. See also $5 
21080,5(d)(3), 21080,5(d)(2)((A) 
118 Luurel Heights 47 Cal.3d at 390; Friends ofMammoth v. BoardofSupervisors (1972) 8 Cal.3d 247,259. 
' I9  Sierra Club, 7 Cal. 4th at 1229; EPIC v. Johnson, 170 Cal.App.3d at 609-1 1. See also Pub. Res. Code $ 
21080,5(d)(3)(i)-(ii) (written documentation for a certified regulatory program shall include a description of activity, 
alternatives, and nntigation measures to minimize significant environmental impacts, and shall be available for a 
reasonable time for review and comment bv the eeneral ~ublic.) 



afforded only a single word of discussion -- the word "None." These findings are not supported 
by any evidence in the record and are in fact contradicted by numerous other findings and 
evidence set forth in the FED. 

This policy establishesthe mechanism by which polluted waterways will be admitted to 
and removed from the Clean Water Act's backstop pollution cleanup program. The TMDL 
program serves as the final protection for the many beneficial uses of California's waters, 
including drinking water supply, water contact recreation, sport and commercial fishing, habitat 
for fish and wildlife, and preservation of rare and endangered species. Consequently, the Policy 
determines in reality how much protection these beneficial uses will ultimately enjoy and in 
specific instances whether beneficial uses will remain available or not. The degree to which the 
Policy is or is not precautionary and conservativeregarding the listing of impairmentswill 
directly increase or decrease the number of waterways where beneficial uses are protected and 
attained. 

To put this in context there are currently 685 waterways with a total of 1,883 different 
pollutant impairments.'20 It is expected that numerous other water body pollutant combinations 
will be proposed for listing in the coming years. A single water body that does not meet 
standards is by itself a significant impact. The Policy has the potential to impact hundreds if not 
thousands of waterways. All of these impacts must be identified, analyzed and mitigated by the 
Board. 

Moreover, since the Draft Policy applies to virtually every regulated pollutant, and 
determines whether discharges of these vollutants will be reduced in the future, it is self evident-
that the policy will impact the quantities of these pollutants being released into the environment. 
Consequently, the policy has the potential to influence the wide array of problems linked to 
pollution, includinghuman health problems such as cancer, pathogen caused disease, and 
disruption of the endocrine, immune and neurological systems; as well as ecological impacts 
such as harm to fisheries and wildlife and reducing the fitness of endangered and threatened- -
species; and the degradation of the aesthetic enjoyment of the environment. The FED wholly 
fails to identify, analyze and mitigate any of these potentially significant effects. 

The FED Fails To Identzfjs Analyze and Mitigate Signzjicant Adverse 
Impacts to Impaired Waterways That Will Not Be Listed or Will Be 
Removed from the List 

As discussed elsewhere in our comments the Policy guarantees that numerous impaired 
water bodies will not be listed (or will be delisted) including: 

water bodies whose impairment is periodic or episodic; 
water bodies whose impairment is recent, even if the data shows a clear trend 

over time toward the current exceedance of standards; 
water bodies whose impairment is supported by older data even in the absence of 

more recent counter-indicativedata; 
water bodies in which an impairment is not uniformly distributed in the water 

body, for example, a water body where downstreampollutant concentrationsare 
higher than upstream concentration if samples taken throughout the water body are 
employed in the statistical test; 



impaired waterways in which only a moderate number of sample have been 
taken; 

water bodies impaired with toxic chemicals whose sampling does not satisfy the 
"Critical Exceedance Threshold" set forth in the Policy; 

water bodies whose impairments are not amenable to statistical testing; 
water bodies impaired by pollution rather than pollutants; 
water bodies impaired by exotic species; 
water bodies impaired by natural sources; and 
water bodies impaired by toxicity where no pollutant has been identified. 

Moreover, the statistical test described in the Policy and FED exhibits a profound bias in 
the manner it deals with error. This bias ensures that numerous and repeated errors will be 
committed by decision makers in their listing and delisting efforts. These errors will consistently 
result in the failure to list impaired waterways and will reduce the overall size of the list. The 
FED demonstrates that much of this error is avoidable. The FED, further, concedes that under 
the proposed policy vastly fewer water bodies will be listed than under the status quo process. 
The FED also describes alternatives that would provide far greater protection against these sorts 
of harmful impacts. Nevertheless, every time a choice is presented amongst alternatives that 
would impact the size of the list, or the likelihood of failing to list an impaired water body the 
Policy selects a choice that would either reduce the size of the list, andor increase the probability 
of errors that would leave severely poiluted waterways off the list or remove them from the list. 

For example, in describing the selection of the null hypothesis for the Policy's statistical 
approach the FED states that the selected hypothesis "gives the Board greatest control over the 
error of incorrectly adding water bodies to the section 303(d) list,"'21 at the expense of 
controlling"the error of not identifyingreal water quality problems that can have impacts on 
aquatic life or human health."'22 The FED also notes that the policy's choice of hypothesis 
will likely cause another important impact, reduced incentives for dischargers to collect samples. 
"[Tlhere may be reduced incentives to increase sample sizes because more data may indicate that 
water quality standards are not being met and the water should be listed."'23 In other words, 
the policy's choice of hypothesis may increase the chances that water quality problems will go 
undiscovered and therefore unaddressed. 

Perhaps more disturbing is the FED'S discussion of the Policy's choice to use 10% as the 
so called "Critical Exceedance Threshold." The FED states: 

If a 10vercent value were used for evaluating samvle data. the number of-
decisions to list waters would be reduced by approximately 14percent 
from the listing decisions approved during the 2002 section 303(d) process.124 
Figure 18 on 174 of the FED provides a graphic illustration of this 
frightening choice. 

Further compoundingthis problem is the selection of the Exact Binomial Test as the 
statistical test for determining comvliance. As discussed elsewhere in our comments, the 
Policy's choice to employ the combination of the Binomial Test and a 90% confidence interval 

12'  FED at 148 
12' FED at 149. 

Id: 
12' FED at 172. 
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for listing decisions will result in a dramatically greater (8It0362 times greater) likelihood of 
erroneous decisions that fail to list dirty waterways (Type I1 error) than erroneous decisions that 
list a clean water way (Type I error). en he FED itself~oncedes this fact.'" The Policy also 
concedes that other statistical methods such as EPA's "Raw Score" method would "significantly 
lower" this type of error.Iz6 Further, the FED concedes that "[ulsing a 90 percent confidence 
level in exact binomial tests . . . would likely result in fewer water bodies placed on the section 
303(d) list."'27 

Finally, the Policy's choice to employ minimum sample size and a high exceedance rate 
for small sample populations will result in a dramatic reduction in the number of listings from 
current listing practices.'28 The combined impact of all of these choices is a Policy that will 
create dramatically less protection for the beneficial uses of California's waters than is currently 
available. The Policy will cause a demonstrably higher level of pollution with consequent 
human health and environmental impacts. These effects are adverse and significant. 
Consequently, the FED must identify, analyze and mitigate for them. In the absence of such 
identification, analysis and mitigation any approval of the policy violates CEQA. 

The FED Fails to Adequately Describe the Environmental Setting of 
the Project. 

The Environmental Setting section of the FED is deeply flawed and falls far short of 
CEQA's requirenients. CEQA requires a full description of the environmental setting in which a 
project occurs. The FED utterly fails to describe California's widespread pollution problems and 
degraded beneficial uses. As such it is inadequate under the law. 

The first step in evaluating the impacts of a project is to assess existing impacts and 
conditions, so CEQA requires a full description of the environmental setting in which a project 
occurs.'29 In Sun Joaquin Raptor v. County of tani is la us,'^^ the Court of Appeal applied CEQA 
Guidelines 9 15125 to set aside an EIR for a housing subdivision for failing to adequately 
describe the existing environmental setting of the site. The Court found that in the absence of 
such a description, it is "impossible for the [FEIR] to accurately assess the impacts the project 
will have on wildlife and wildlife habitat or to determine appropriate mitigation measures for 
those impacts." ~d. '"  

The Court in Sun Joaquin Raptor also cited Remy et al., Guide to the Cal. Environmental 
Quality Act (Guide to CEQA) (7th ed. 1993) as follows: 

The Guide to CEQA explains the significance of adequate consideration of the 
existing environmental setting: "Because the concept of a significant effect on 
the environment focuses on changes in the environment, this section requires 

FED at 152, Table 12 ("high Type I1 error (n<20). 
'I6 FED at 153, andsee FED at 162, Figure 15. 
12' FED at 166. 
'"FED.-- at-..181-183....... 

'I9 San Joaquin Raptor v. County ofStanislaus 27 Cal. App. 4th at 722-723. 
13' 27 Cal. App. 4' at 722-223. 
13 '  CEQA Guidelines 5 15125 provides: "An EIR must include a description of the environment in the vicinity of the 
project, as it exists before the commencement of the project, from both a local and regional perspective. The description shall 
be no longer than is necessary to an understanding of the significant effects of the proposed project and its alternatives. 
(a) Knowledge of the regional setting is critical to the assessment of environmental impacts. Special emphasis should be 



an EIR to describe the environmental setting of the project so that the changes 
can be seen in context. The description of the pre-existing environment also 
helps reviewers to check the Lead Agency's identification of significant 
effects." (Guide to CEQA, supra, p. 579.)13' 

The Court concluded: 

We must interpret the Guidelines to afford the fullest possible protection to 
the environment." (Kings County Farm Bureau v. City of Hanford, supra, 221 
Cal.App.3d at 720.) Careful review of the administrative record demonstrates 
that the FEIR's description and consideration of the site and surrounding area 
is so incomplete and misleading that it fails to meet the standard set forth in 
State CEQA Guidelines section 15 125.13' 

The Third District Court of Appeal in Communities for a Better Environment v. 
California Resources ~ ~ e n c ~ ~ ~ ~recently upheld the principle that in order to assess the 
cumulative impacts of a project an accurate description of the environmental setting is essential, 
noting that, in assessing cumulative impacts, an agency must take into consideration past impacts 
on the environment to determine whether additional impacts may be significant.I3' 

The Environmental Setting section of the FED appears to simply cut and paste the 
watershed descriptions from California's nine regional Basin ~ 1 a n s . I ~ ~  The FED does not 
describe the vastamounts of pollutants and that have been and continue to be 
discharged into California's waters. No effort is made to quantify these discharges in terms of 
mass, toxic effect or other impact. The FED makes no effort to describe the widespread 
violations of standards and impairments in each of these watersheds. The FED does not 
describe the numerous water bodies in California that are in danger of becoming impaired by 
pollutants. Nor does the FED make any attempt to describe the beneficial uses that have been 
harmed by these impairments. 

For example, the FED does not describe the human communities who eat fish 
contaminated with bio-accumulative toxins, the swimmers who are put at risk by bacteria 
impairments, or the threatened and endangered species whose success is compromised, 
populations diminished and habitat degraded by these impairments. In fact in the entire 
document not one word is spent on describing these problems. Further, the FED fails to include 
information about rising cancer rates, immuno-deficiencies and other human health problems 
that have been or may in the future be linked to pollution.'37 This information about the 

'I2 Id. at 722-723. 

!I3 Id. 

'I4 103 Cal. App. 4th -. 

'I5 Communifiesfira Better Environment v. California Resources Agency103 Cal. App. 4' at 117 (proposed 

guidelines "would turn cumulative impact analysis on its head by diminishing the need to do a cumulative impact 

analysis as the cumulative impact problem worsens.") 

!I6 FED at 6-30. 

'I7 See, e.g., USGS, "The Quality of Our Nation's Waters, Nutrients and Pesticides," Circular 1225 (1999); Samuel 

H. Wilson, M.D., William A. Suk, Ph.D., M.P.H.; "Biomarkers of Environmentally Associated Disease, 
Technologies, Concepts, and Perspectives," Lewis Publishers, CRC Press LLC, 2002; David 0.Carpenter, Kathleen 
Arcaro, and David C. Spink: "Understanding the Human Health Effects of Chemical Mixtures," Environmental 
Health Perspectives 1 lO(suppl 1):25-42 (2002); Ted Schettler, M.D., Gina Solomon, M.D., Maria Valenti, and 
Annette Huddle; Generations at Risk, Reproductive Health and the Environment, MIT Press, 1999; Michael C., 
Newman and Michael A .  I lnver. Ff~nrlnmontnlrofFmtnricnlnm, T ~ w i sPtlhlishers. CRC Press. 2003: ,Tones-T.ee & 



environmental setting is essential to support an analysis of the cumulative impacts of this policy 
and the analysis of alternatives. Further, without this information it is impossible for the public 
to hlly evaluate the Board's decision. Consequently without this additional information the 
FED is inadequate under the law. 

The FED Fails to Adequately Consider and Mitigate the Cumulative 
Impacts of the Policy. 

The FED asserts the policy will not result in any cumulatively significant impacts. This 
assertion is supported by a mere two pages of discussion, most of which focuses on federal legal 
requirements pertaining to listing and TMDLs. No effort is made to analyze impacts that may 
result from individual or repeated failures to list impaired waterways. This contravenes 
CEQA's requirement that cumulative impacts be considered and mitigated. 

The CEQA Guidelines require a mandatory finding of significance for a project with 
"possible environmental effects, which are individually limited but cumulatively considerable." 
"Cumulatively considerable" means that the incremental effects of an individual project are 
considerable when viewed in connection with the effects of past projects, the effects of other 
current projects, and the effects of probable future projects.""8 

No effort is made if the FED to analyze impacts that may result from individual or 
repeated failures to list impaired waterways when combined with the impacts of other policy 
decisions such as the recently adopted waivers for agricultural and silvicultural waste in the 
Central Valley, the proposed California Non-Point Source Plan, the proposed amendments to the 
Ocean Plan, the ongoing NPDES permitting program or numerous other water board projects. 
Likewise no effort has been made to identify, analyze or mitigate the health impacts that arise 
from the repeated exposure of humans to the pollutants and pollution resulting from this policy 
when combined with other sources such as from air sources, food sources, workplace exposures, 
etc. Nor has a similar analysis of the cumulative ecological effects of these pollutants and this 
pollution when combined with that of other sources been conducted. This contravenes CEQA's 
requirement that cumulative impacts be identified, considered and mitigated. 

The FED Is Inconsistent with Policy and Fails to Accurately Describe 
the Proposed Project. 

In its description of the Policy the FED sets forth a variety of measures that if 
implemented would to some extent mitigate some of the Policy's adverse environmental impacts. 
However, these measures cannot be found in the Policy itself. These inconsistencies are 
misleading and cause the FED'S project description to be inaccurate. 

Lee, 'Qrganophosphate Pesticides as Pollutants of Urban Lakes, Streams Creeks" (1999); Reigart & Roberts, 
"Recognition and Managment of Pesticide Poisonings," Fifth Edition, (1999); Heavner (CALPIRG), "Toxics on 
Tap: Pesticides in California Drinking Water Sources" (1999); Kathryn R. Mahaffey, Ph.D., "Meythylmercury: 
Epidemiology Update," USEPA, Presentation to Fish Forum in San Diego (2004); USFDA, "Draft Advice For 
Women Who Are Pregnant, Or Who Might Become Pregnant, and Nursing Mothers, About Avoiding Harm To 
Your Baby Or Young Child From Mercury in Fish and Shellfish" (Dec. 10,2003); Subcommittee on Nitrate and 
Nitrite in Drinking Water, Committee on Toxicology, National Research Council, "Nitrate and Nitrite in Drinking 
Water" (1995). 

14 Cal. Code Reg. 5 15065(c).See also Communities For a Better Environment v. CaliforniaResources Agency 
(2002) 103 Cal. App. 4th 98, 114 ("environmental damage often occurs incrementally from a variety of small 
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Exacerbating the confusion, the Policy does not make clear what legal significance 
the FED will have after adoption of the policy. Will the FED descriptions of these measures 
be binding on the SWRCB and RWQCBs? Will the FED act as guidance in interpreting the 
Policy? Will the measures described in the FED simply be disregarded after Policy 
adoption? 

Among the measures set forth in the FED which do not appear in the Policy are: 

a weight of evidence alternative listing procedure; 
a weight of evidence approach to determine the pollutants(s) that may cause 

toxicity; 
a procedure for listing nutrients which allows the use of "models, scientific 

literature, data comparisons, to historical values or to similar but unimpacted streams, 
Basins Plan objectives, other scientifically defensible methods" in making a listing 
decision; 

a procedure, which allows "both quantitative and qualitative data and information 
in the evaluation of nuisance." (i.e. odor, taste, excessive algae growth, foam, 
turbidity, oil, litter or trash and color.) 

a case-by-case interpretive approach to the listing of sedimentationproviding that 
"general guidelines to trigger listing" and stating that a water body can be listed if 
any one of the following conditions are met: beneficial use impairment caused by 
increased sediment loads; evidence that beneficial use impacts are caused by 
sediment; nuisance caused by sediment loads, or exceedances of turbidity objectives. . 

None of these important mechanisms are clearly and explicitly set forth in the Policy 
document. Each procedure would operate as a mechanism to soften the impact of the Policy's 
rigorous requirements such as the binomial hypothesis test. 

For example, the FED repeatedly describes a robust alternative listing procedure that 
relies on a weight of the evidence test. The Policy does not contain such a procedure. Instead 
sections 3.1.11 and 4.10 of the Policy set forth a procedure that is no less restrictive that the 
binomial hypothesis statistical test. The procedure excludes qualitative information and other 
non-quantitativetools instead stating "[tlhe measurements can be analyzed using a scientifically 
defensible procedure that provides an equivalent level of confidence as the listing factors in 
section 3.1 and tests the null hypothesis that water quality standards are attained." In addition 
the procedure requires that "[tlhe data and information can be compared to applicable water 
quality objectives, water quality criteria, or numeric guideline." These requirements describe 
statisticalhypothesis testing not a weight of the evidenceprocedure. Thus, the weight of 
evidence language in the FED appears to be both inaccurate and misleading. 

To the extent these measures are not a binding part of the Policy, a decision of the Board 
based upon the FED violates CEQA. The FED inaccurately describes the project and its 
mitigation measures. This is misleading to the public and defeats the central purpose of the 
statute. Additionally, the failure to incorporate these measures into the policy invalidates the 
FEDs finding of no significant impact. Moreover, many of these policy provisions constitute 
mitigation measures, which lessen the policy's impact on the environment. CEQA mandates that 
such requirements be carried out contemporaneouslywith the project. 

The FED Fails to Include a Statement of Overriding Considerations 
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As described above adoption of the Policy as written will result in numerous significant 
and unmitigated adverse environmental impacts. In this circumstance, the agency must balance 
the economic benefits of the project against its environmental harm to determine if the project 
should proceed.'39 This "statement of overriding considerations," as the last step in the 
analysis, provides critical information to the public to fulfill the law's public disclosure 
requirement - that the [functionally equivalent document] function as "a document of 
accountability" and "informed self government."'40 However, CEQA requires that the agency 
first identify the adverse effects of the proposed project before it exercises that power.'41 

No statement of overriding considerations is presented in the FED. Moreover, the FED 
repeatedly rejects mitigation measures and selects alternatives, which favor economic and cost 
factors and increase the risk of adverse environmental impacts. The Policy's choices regarding 
the statistical test, in particular, demonstrate a desire to sacrifice human health and 
environmental concerns in order to "protect against the unnecessary expenditure of funds" 
involved in erroneously listing a waterway.'42 These choices are not permissible in the absence 
of a statement of overriding considerations. 

D. 	 The Methodology Is Virtually Impossible to Administer from a Practical 
Perspective 

As noted in the National Research Council report, "water quality standards must be 
measurable by reasonably obtainable monitoring data."'43 Data-hungry models cannot be the 
sole method by which water quality is assessed in situation where the state lags in monitoring. 
The NRC Report agrees, stating that government 

should not advocate detailed mechanistic models for TMDL development in 
data-poor situations. Either simpler, possibly judgmental, models should be 
used or, preferably, data needs should be anticipated so that these situations 
are a ~ 0 i d e d . I ~ ~  

The Draft Policy appears to assume that California has a database of surface water quality 
information capable of supporting numeric calculation requirements such as those set forth in the 
Policy. This is not the case. California currently relies upon anarchy as a data management 
strategy for surface water quality information. Because of this fact, the Draft Policy as written 
cannot be implemented on a consistent statewide basis. 

One step California must take in order to begin to implement numeric requirements 
associated with a Policy of this type in a defensible fashion is to follow the lead of other states 
that utilize the U.S.EPA STORET water quality data management system. The Surface Water 
Ambient Monitoring Program is moving forward to implement STORET compatibility, but this 
will solve only a portion of the problem; better integration of other available data will be 

139Pub. Res. Code 8 21081(d); 14 Cal. Code Reg. 8 15093. 
Sierra Club, supra, 7 Cal.4th at 1229 (...the board retains the power to approve a plan that has significant adverse 

effects upon the environment, so long as it justifies its action in light of "specific economic, social, or other 

conditions"; Pub. Res. Code 8 21002.) 

14' Id.at 1233. 

14'
 FED at 148. 
143NRC Report at 4. 
144.l . . A  



necessary before the state can begin to even consider a statistical methodology as data-hungry as 
the one proposed. 

Figure 3: Blue dots represent water quality monitoring stations present in the modernized 
EPA STORET system. States such as Utah, Montana, West Virginia and Florida are far 
ahead of California in terms of data availability. 

Table 3.1 of the Draft Policy presents an extremely misleading view of the amount of 
samples available to regional boards. The high sample counts depicted in Table 3.1 are in excess 
of current resources allocations and are not scientifically necessary to conduct water quality 
assessments. Monitoring of conventional water quality parameters often takes place on a 
monthly basis. Monitoring of metals, synthetic organic chemicals, PAH's, bioassessments, and 
toxicity testing typically take place once or twice a year at a limited number of monitoring sites. 
The Draft Policy's arbitrary minimum sample count requirement (excerpted from section 3 . 1 ) ' ~ ~  
appears to prevent a water body that is out of compliance with standards four months out of 
twelve from being listed. For numerous conventional water quality parameters this is 
scientifically indefensible. For example, if surface water nitrate concentrations in a stream 
exceed the drinking water standard for three months of the year, the water body is most certainly 
impaired, yet the Policy would not recognize this fact. 

For many analytes, the high sample counts depicted in the Policy are unnecessary for 
making scientifically sound water quality assessments. Since the Surface Water Ambient 

14' "For sample populations less than 20, when 5 or more samples exceed the water quality objective, the segment 
shall he listed." 
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Monitoring Program budget is not likely to increase in the near future, the high sample count 
requirements could have the effect of either placing an unreasonable economic burden on holders 
of permits and waivers or, if that burden proves economically (or politically) infeasible, will 
ensure that impaired waters do not get listed. 

As an example, a typical sampling strategy conducted in a region often involves sampling 
conventional water quality analytes monthly and conducts other more costly sampling a few 
times a year at a limited number of monitoring sites. Table 3.1 depicts sample count 
requirements for a single monitoring site (or single water body), which range as high as 500 
samples. For most sampling types, the sample counts depicted in the table are scientifically 
unnecessary and economically impossible. 

Using estimates of costs based on actual regional board lab pricing and SWAMP Master 
Contract pricing, we have estimated the costs for 500 samples for various sampling types. If a 
comprehensive approach were used that involved a full site or water body characterization, 
which employed all sampling types, 500 samples would cost $5,919,500. Since the entire 
statewide budget for SWAMP is approximately $4,000,000, and the sample counts in the table 
refer to a single site or water body, it seems the table is nonsensical. The lowest cost sampling 
type (Conventional Water Quality Analysis), at $1 11,000, is similarly ridiculous since numerous 
regions only receive several hundred thousand dollars per year to sample their regions, let 
alone a single site or water body. 

Cost of 20 Cost of 500 

Tvae of ~ a m a l i n e l ~ ~  Samales Samales -Notes 


Conventional Water Quality Analytes $111,000 lab cost only 
Water Chemistry (chemicals and 
metals) lab cost only 
Sediment Chemistry (chemicals and collection and lab 
metals) COSt 
Bioaccumulation in fish (chemicals and collection and lab 
metals) COSt 
Toxicity Testing lab cost only 

collection and lab 
Rapid Bioassessment cost 
Comprehensive Site Monitoring 

Even at the de facto minimum sample size of 20 samples per site, the costs across the 
hundreds waters that could be evaluated for listing in any given cycle are greater than currently 
available budgets. 

In summary, with perhaps the exception of monitoring programs based on random 
sample designs, most monitoring programs in California are not designed to collect data that 
exhibit the particular characteristics needed to draw valid statistical inferences based on binomial 
statistical tests (e.g.,normal distribution, sample independence, absence of systematic biases, 
etc.).I4' The costs of collecting the data demanded by this model, as illustrated above, is 

146 ~ourcesare as follows: Regional Board Contract Laboratory Cost (2003) for Conventional Water Quality Analytes, Water 
Chemistry (chemicals and metals), and Toxicity Testing; and SWAMP Master Contract price list (Oct 2003) for Sediment 
Chemistry (chemicals and metals), Bi~accumulation in fish (chemicals and metals) and Rapid Bioassessment. 
"'See Lin, et al, "A Nonparametric Procedure for Listing and Delisting Impaired Waters Based on Criterion 
" >"-".." 9, ".."-"--a '--..r,--:J" n..--..... --..A -.-c....: ,, .,nnn,:-",,,". 



prohibitive. The result, given the limitations of the Alternative Data Evaluation process, will be 
to not list impaired waters. This result is completely avoidable. Monitoring strategies which do 
not require these high sample counts are currently deployed and can be effective when combined 
with a weight of evidence alternative to the statistical constraints present in the binomial 
approach and the currently unreasonable statistical confidence demands of the proposed 
alternative data evaluation section of the policy (Section 3.1.1 1). The Policy should accordingly 
be modified to require, among other things, full compliance with federal law requiring 
consideration of all data and compliance with the weight of evidence approach called for by the 
state Legislature. 

E. 	 The Methodology Will Actually Fail to List Impaired Waters and Ensure 
Delisting of Already-Listed Impaired Waters 

For the reasons articulated above, many waters that are actually impaired and that would 
have been identified under past methodologies would not be identified under the overly-stringent 
methodology that is pro osed here. EPA echoed this conclusion in its comments on the similar 
Draft Policy last June.l4' In Appendix VI, we spotlight four water bodies - the San Gabriel 
River, San Antonio Creek, Coyote Creek, and Quail Creek - that are clearly impaired but would 
not have been listed under the proposed Policy. The relative ease with which we found these 
waters belies the Draft Policy's assertion that "no issues [in the Draft Policy] were found to have 
the potential for significant adverse environmental effects,"'49 and illustrates the need for 
significant modifications to the Policy in order to ensure that similar, yet-unidentified waters are 
not left behind. 

VII. 	 THE PROPOSED ALTERNATIVE DATA EVALUATION PROCESS 
HANDCUFFS THE STATE TO THE FLAWED STATISTICAL 
METHODOLOGY AND FAILS TO ALLOW FOR MEANINGFUL 
ALTERNATIVE ASSESSMENTS 

The Alternative Data Evaluation process described in Section 3.1.1 1, by definition, is 
supposed to act as an alternative to the statistical procedure when that procedure is inappropriate 
(such as for biologics, sediment, and toxicity) or when it appears to exclude waters that appear 
from the weight of the data to be impaired. The Legislature specifically demanded a weight of 
evidence approach in the 2001 Budget Act Supplemental Report (attached in Appendix IV): 

(e) On or before January 1, 2003, SWRCB shall develop a policy to establish 
criteria for the listing and delisting of impaired water bodies pursuant to 
Section 303(d) of the federal Clean Water Act. The policy shall include a 
"weight of evidence" approach and shall include criteria that ensure that the 
data and information used for identification and listing of impaired water 
bodies are accurate and verifiable. 

The FED defines comvonents of the weieht of evidence auuroach to "consist of the -	 . . 
strength and persuasiveness of each measurement endpoint and concurrence among various 
endpoints. . . . A scientific conclusion based on weight of evidence is often assembled from 
multiple sets of data an'd information or lines ofev iden~e ." '~~  Weight of evidence is not only a 

14' Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24,2003).
' 4 9 ~ ~at 21 8. 
lSOId. 
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scientific standard, but a legal one as well, and is synonymous with preponderance of 
evidence."' A preponderance of the evidence standard requires one to establish that the 
existence of a fact is more probable than not."' As discussed below, the Draft Policy's 
Alternative Data Evaluation proposal departs significantly from this legislative and scientific 
mandate and is calibrated to meet a far more stringent standard, more akin to "beyond a 
reasonable doubt." Unfortunately, this problem is pervasive throughout the document, as 
described in the discussion of the individual elements of the Draft Proposal in Section VIII. of 
these comments. 

Although the Draft Policy's Alternate Data Evaluation provisions are intended to embody 
a weight of evidence approach, under any definition of weight of evidence, they do not. First, 
the provisions are too closely coupled with the assumptions, null hypothesis and confidence 
levels of the proposed binomial listing factors, and will consequently fail to consider some 
important lines of evidence. Furthermore, the assumption of a 10% exceedance rate and a 90% 
confidence interval amount to a substantially higher standard than "more probable than not." 
Finally, the provisions do not permit the evaluation of multiple lines of evidence, especially 
where lines of evidence may conflict. 

As discussed elsewhere, the binomial listing factors explicitly fail to consider, or de- 
emphasize, certain types of evidence. For example, data indicating temporal and spatial 
variability are erased by the method. Evidence of trends showing decreasing water quality will 
also be masked by the binomial method. A true weight of evidence approach would take these 
pieces of evidence into account and make an evaluation based on the totality of the available 
information. However, by requiring that any alternative approach be as statistically rigorous, 
apply the same assumptions, and test the same hypothesis as the binomial approach, the Draft 
Policy ensures that these pieces of evidence will continue to be ignored. This is inconsistent 
with the definition of weight of evidence, and consequently violates the requirements and 
guidelines discussed above. 

As noted above, a weight of evidence standard requires a demonstration that the existence 
of a fact is "more likely than not." In stark contrast to this, the binomial listing factors require an 
exceptionally high degree of confidence in the existence of a fact - that a water segment is 
impaired -before listing. By requiring the use of a statistic that employs the same assumptions 
(presumably 10% exceedance rate) and confidence (90%) as the binomial approach, the Draft 
Policy ensures that the Alternate Data Evaluation will likewise require much more than a 
demonstration that a water segment is more likely impaired than not. EPA raised this very issue 
with staff last June, stating that 

[w]e are concerned that the [proposed Alternative Data Evaluation process] 
currently states that 'the measurements can be analyzed using a scientifically 
defensible procedure that provides an equivalent level of confidence as the listing 
factors in section 4.2 [now 3.11.' This seems to require any and all data must 
have 90% confidence level to be used in assessing impaired waters, which is 
inconsistent with the concept of weight of evidence approach.'53 

Chamberlain v. Ventura Countv Civil Service Corn., 69 Cal.App.3d 362,368 (1977); see also 2 McCormick on 
Evidence (4th ed. 1992) Burdens of Proof and Presumptions, 5 339. 
Is2In re Michael G., 63 Cal.App.4th 700,709 fi.6 (1998). 
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Once again, this requirement is inconsistent with the definition of weight-of-evidence and 
with the requirements noted above. 

Similarly, the listing factors do not permit the consideration of multiple lines of evidence. 
However. assessment of some parameters may require the evaluation of multiple lines of 
evidence. For example, nutrient over-enrichment risk involves examining nitrogen compounds, 
phosphates, chlorophyli a, benthic algae, dissolved oxygen, pH, etc. ~et&in;ion of -

impairment often involves the relationships between these parameters as opposed to the level of 
an; single parameter. A true weight of evidence approach would permit the use of all these lines 
of evidence in reaching a determination regarding impairment. The FED itself highlights this 
point when it states "[a] scientific conclusion based on weight of evidence is often assembled 
from multiple sets of data and information or lines of e~idence ." '~~  Nevertheless, Section 3.1.1 1 
requires the use of statistical approaches that are incapable of incorporating and considering 
these differing data types. 

Because of the reasons outlined above, and because of other problems with the 
methodology that apply elsewhere in the Draft policy (particularly the requ&ement that the data 
meet the "extremely ~tringent" '~~ data thresholds in Section 6.2.4),this Policy is inconsistent 
with its state authorizing legislation and is, for that reason, alone unlawful. water Code Section 
13191.3(a), which requires the SWRCB to prepare this guidance, states that the guidance must 
be developed pursuant to Clean Water Act Section 303(d); the inconsistencies with the Act here 
and elsewhere, as raised by both the environmental caucus and EPA, require significant 
modifications to the Draft Policy before it may meet the mandate in Section 13191.3. 

As discussed in more detail below, the Draft Policy should be revised to apply a true 
weight of evidence approach that is not tied to statistical confidence and hypothesis testing. 
Such an approach would provide for listing of waters in cases where evidence that was ignored 
or minimized under the binomial listing factors demonstrates impairment or threatened 
impairment. Such an approach would also provide for listing where multiple lines of evidence 
combine to demonstrate water quality standards exceedances, even if a single line of evidence 
provides insufficient evidence of exceedances. 

VIII. 	 RECOMMENDED METHODOLOGY FOR IDENTIFYING IMPAIRED 
WATERS 

A. 	 Preferred Statistical Approach for Conventional Pollutants Other Than 
Temperature and Dissolved Oxygen: Reverse Null Hypothesis 

We recommend that the listing factors in the draft guidance be revised to include the 
following statistical decision rule for conventional pollutants other than temperature and 
dissolved oxygen: 

Water segments shall be placed on the section 303(d) list as impaired for 
conventional pollutants other than temperature and dissolved oxygen unless 
the numeric water quality objectives for conventional pollutants are exceeded 

FED at -. 
I 5 5  Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24, 2003) 
(Found in Aooendix 111). 
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in less than 10%of samples with a confidence level of 90 percent using a 
binomial distribution (Table 2). 

This recommended alternative adopts SWRCB's proposed statistical method in all 
respects but one: the null hypothesis has been reversed. Under this alternative, the null 
hypothesis is: "the water segment is impaired" in contrast to the null hypothesis under SWRCB's 
recommendation: "the water segment is clean." Appendix I1 illustrates the mathematical basis of 
this approach. 

We believe that this "reverse null" proposal is more consistent with the law and better 
furthers policy objectives for the followingreasons: 

. The reverse null approach is consistent with the objectives of the TMDL program. 
As discussed elsewhere in our letter, Congress assumed that even with regulatory 
action some waters would remain polluted. So, Congress created the TMDL program 
as a "safety net" in the event that other measures provided for in the Clean Water Act 
- specificallyNational Pollutant Discharge Elimination System permitting - fail to 
result in attainment of water quality standards. There is no backup to the listing 
process for a dirty water; if it is missed, it will almost certainly remain dirty. As the 
last recourse for water quality, it is imperative that the program be as protective as 
possible and minimize the chances that impaired water segmentswill be ignored. The 
reverse null approachproposed here would require a demonstrationto a fairly high 
level of confidence that waters are clean. Consequently, it would be unlikely that 
impaired water segmentswould be ignored.. The reverse null approach is consistent with the precautionaryprinciple. As discussed 
elsewhere, proper application of the Precautionary Principle would require that in the 
absence of scientific certainty, waters should be consideredto be impaired unless it is 
demonstrated that they are clean. The application of the Precautionary Principle here 
would reflect good common sense and a genuine concern for environmental quality 
and human health. Application of the Precautionary Principle would also create a 
reasonable incentive structure that would encourage additional monitoring and, by 
extension, scientific certainty.. The cost of erroneous listing is insignificant. As discussed elsewhere in this letter, 
the SWRCB has recently eliminated the commonly cited consequences of mistaken 
listings that some stakeholdershave identified. This approach would recognize that 
the implications of not listing an impaired water se ent are far more severe than the 
implications of improperly listing a clean segment.fE 
The reverse null approach would create incentive for additional monitoring. 
Although there is broad support for California's Surface Water Ambient Monitoring 
Program, it is widely recognized that existing water quality monitoring activities in 
California are inadequate. As noted in the "Facts" section above, the majority of 
California's waters are monitored, and additional data will likely uncover 
additional impairments. However, under SWRCB's proposed method, dischargers 
will be disinclined to improve monitoring coveragebecause they are better served by 
the absence of data. By requiring that data be gathered to demonstratethat the water 
segment is clean, those with the resources and responsibility to collect such data - the 
dischargers-will be more inclined to do so. 

Moreover, because Clean Water Act Section 303(d)(3) requires all waters to have at least estimatedTMDLs in 
^ .... -.-̂ ...A,_^ . _^r__ .r :^ l .-___1_^_____c-_ ,:_.:__^-C' ' . ,  .-..rr :.--:..:...-I '.. 
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For smaller sample sizes, the reverse null hypothesis cannot be overcome to a 90% 
certainty. For such samples sizes, we recommend that the state apply all "existing and reasily 
available data" to a meaningfbl weight of evidence approach, as described in these comments. 

Place on the section 
303(d) list if more 

than this number of 
Sample size exceedances 

22 	 0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 


Table 2. Listing thresholds for binomial approach application to reversed null-hypothesis. 
For smaller sample sizes, the reverse null hypothesis cannot be overcome to a 90% certainty. 

B. 	 Alternative Statistical Approach for Conventional Pollutants Other Than 
Temperature and Dissolved Oxygen: Null Hypothesis with Equalized 
Errors 

Although we strongly advocate adoption of the reverse null approach described above, 
our technical team has developed a second alternative approach for conventional pollutants other 
than temperature and dissolved oxygen: 

Water segments shall be placed on the section 303(d) list when numeric water 
quality objectives for conventional pollutants are exceeded at least twice and 



in 5% of samples according to the error-equalized binomial approach." (Table 
3).15' 

As discussed elsewhere, the SWRCB's proposed approach is 81 to 362 times more likely 
to fail to list an im~aired water bodv than it is to list a clean one. We believe that this ureference . 
flies in the face of the precautionary principle and does not reflect the water quality priorities of 
Californians or those expressed in the Clean Water Act. A better policy would err in favor of 
listing, thereby minimizing the possibility of leaving impaired water bddies off the list and 
minimizing the attendant risks to human health and aquatic life. The reverse null approach, 
discussed above, would do this. At a minimum, though, the listing criterion should provide for a 
more equitable apportionment of these errors. A "fair" listing criterion would be one for which 
the probability of making each type of error is equal. This equalized-error criterion is derived in 
Attachment B to Appendix I. 

Although this approach is not as precautionary as the reverse null approach, it is both 
more protective and far more equitable than the approach recommended by SWRCB. Equalizing 
the probabilities of the two error types recognizes that there is absolutely no justification for 
minimizing Type I error at the expense of Type I1 error. Indeed, the overall likelihood of . 
committing error (the sum of probabilities of Type I and Type I1 error for each sample size) is far 
lower than the overall likelihood of error under SWRCB's approach. Importantly, EPA guidance 
and professional literature recommend that Type I and Type 2 error rates be balanced if there is 
no clear a eement that one form of error is more important than the other, as a policy matter, in 
that state.' Finally, it should be noted that the error-equalized binomial approach can be 
reduced to simply requiring listing a water body as impaired if the number of observed 
exceedances is greater than 5% of the total sample size +I. Consequently, application of this 
rule would not compound one uncertainty-mitigation tool with another. 

'" As noted above, EPA recommended criteria development approaches based on at least 95% compliance rate for 
conventional pollutants, rather than the proposed 90%. Letter from David Smith and Peter Kozelka, U.S. EPA 
Region IX to Craig J. Wilson, SWRCB (June 24,2003) (found in Appendix 111). 
Is8 See 2004 Integrated Guidance; U.S.EPA 2001 CALM Guidance; Smith et al, "Statistical Assessment of 
Violations of Water Quality Standards under Section 303(d) of the Clean Water Act," Environmental Science and 
v-" ,...-,"-,,,", " Z  \,-" .-.. ,n< ,,*,.,nn,\ 



Probability 
Probability of failing 

Exceedence of listing a to list 
threshold for clean impaired 

Sample 303(d) water water Willingness 
Size listing body body to Err Ratio 

10 ,0285 1 

12 .0196 1 

.0257 1 

.0108 1 

,0143 1 

,0157 1 

.0087 1 

.0099 1 

.0110 1 

.0118 1 

,0125 1 

1 

1 

1 

Table 3: Probabilities of making listing errors under an "equalized error" listing 
criterion and a 5% exceedance rate. The probabilities and criterion are derived in 
Attachment B to Appendix I. The error possibilities and willingness to err ratio 
are calculated from the base criteria as illustrated in the Attachment. The 
exceedence thresholds listed above have been modified to reflect the policy of not 
listing a water segment based on a single exceedence. 

C. Preferred Approach for Temperature and Dissolved Oxygen 

We recommend that the listing factors in the draft guidance be revised to include the 
following statistical decision rule for temperature and dissolved oxygen: 

Ordinarily, water segments shall be placed on the section 303(d) list when 
numeric water quality objectives for temperature and dissolved oxygen are 
exceeded in more than one seven-day average of daily maximum (for. 
temperature) or minimum (for dissolved oxygen) measurements. 

Temperature and dissolved oxygen vary on an annual cycle, and cause impairment only 
when there is too much or too little in the water. Water quality standards are designed to address 
the highest temperatures of the year and the lowest dissolved oxygen levels of the year, which 
generally occur during summer months, or sometimes fall months for dissolved oxygen. 



Therefore, any assessment decisions should be based on the highest and lowest measurements of 
these pollutants, respectively. When continuous monitoring data are available, the seven-day 
average of daily maximum (for temperature) or minimum (for dissolved oxygen) measurements 
should be assessed. When continuous monitoring data are not available, but data are available 
from at least seven days in any 30-day period, the average of the highest (for temperature) or 
lowest (for dissolved oxygen) measurement on seven consecutive days on which measurements 
were taken should be assessed. 

Sometimes, the data available for a water segment will be inadequate to properly evaluate 
temperature and dissolved oxygen under this approach. When data are available from fewer than 
seven days in any 30-day the highest (for temperature) or lowest (for dissolved oxygen) 
single measurement within that period should be assessed. A water segment should be placed on 
the 303(d) list for temperature or dissolved oxygen when these data show a violation of the water 
quality standard on at least one day in at least three different years. 

Under the water quality standards, a measurement of temperature (or other pollutant) in 
excess of a standard is not a violation of the standard if the exceedance results from natural 
conditions. In the case of temperature and dissolved oxygen, when natural conditions exceed the 
standard, listings will be based upon human contributions in excess of natural background. All 
relevant natural conditions issues relating to temperature and dissolved oxygen for which data or 
other evidence are available, such as peak hourly temperature increases and extreme air 
temperatures should be considered. The hottest days or years should not automatically exempt a 
water segment from consideration for listing based on temperature. 

D. Preferred Approach for Toxic Pollutants 

As EPA has noted to the SWRCB in the past, "the proposed binomial approach as applied 
to toxic pollutants in water does not meet federal requirements for assessing impairment 
associated with aquatic life use."'59 Accordingly, we recommend that the listing factors in the 
draft guidance be revised to include the following decision rule for toxic pollutants: 

Water segments shall be placed on the section 303(d) list when numeric water 
quality objectives for toxic pollutants, including maximum contaminant levels 
where applicable, or CaliforniaR\Tational Toxics Rule water quality criteria are 
exceeded in two or more tests within a running three year period. 

SWRCB's approach to evaluating impairment for toxic pollutants is inconsistent 
with EPA's guidance and with California's own water quality standards. Moreover, states 
cannot ignore a water body solely because there are no "translator mechanisms" for toxics. 
Listing should occur if the uses are impaired, regardless of the availability of such translator 
mechanism^.'^^ 

Toxic pollutants can pose substantial threats to human health and aquatic life, 
often at low concentrations and one-time exposures. Because the risks associated with failure to 
address impairment by toxics are so great, the decision rule applied to these pollutants should be 

Is9 Letter from David Smith and Peter Kozelka, U.S.EPA Region IX to Craig J. Wilson, SWRCB (June 24,2003) 
(found in Appendix 111); see also 2004 Integrated Guidance at 30 ("[ulse of the 10% rule when performing 
attainment determinations regarding effects oftoxics is not appropriate unless the State's WQS regulations or WQS 
pidance specifically authorizes use of this rule for such pollutants"). 
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as conservative as possible. The alternative decision rule we propose here is consistent with both 
EPA's guidance and with the California Toxics Rule, and would provide a necessary level of 
precaution in making listing decisions. 

The alternative rule proposed here is also consistent with the approach taken by 
several other states. For example, Virginia's listing policy provides that "[fJor toxic pollutant 
assessment in free-flowing streams, waters where there are 2 or more exceedances of a [water 
quality standard] acute aquatic life toxic criteria in a running 3-year period are considered 
impaired for aquatic life use and wildlife use."'61 Utah, New Hampshire and Washington - as 
well as numerous other states -have adopted similar language to govern listing decisions related 
to toxics. California should do the same. 

E. Preferred Approach for WaterISediment Toxicity 

At its most basic level, the toxicity section of the policy is inconsistent with existing 
Basin Plan standards, which address toxicity by requiring "no toxics in toxic amounts." The 
section should be revised to be consistent with the Basin Plans. 

More specifically, the Draft Policy should require the use of lower effects level Sediment 
Quality Guidelines in addition to the 50% median level currently required when analyzing 
sediment toxicity for causative pollutants. 

The Draft Policy specifies that if sediment quality guidelines (SQGs) are used to 
associate a pollutant or pollutants with observed sediment toxicity, only guidelines that predict 
toxicity in 50 percent or more of the samples analyzed, such as NOAA's Effects Range Median 
( E M ) ,  should be used. The justification for using an elevated toxicity rate is because SQGs 
have limited predictive capacity. 

The restriction of using only SQGs that correlate with observing effects in 50% or more 
of the samples is far too restrictive for evaluation of all contaminated sediments throughout the 
State. The imprecise predictive capacity of SQGs cited as the reason the policy is restrictive is 
exactly why it is imperative that the regional boards also considered SQGs that represent lower 
toxicity probabilities in their analysis of causative pollutants. Lower effects level SQGs indicate 
that toxicity was observed in numerous species, based on rigorous scientific and statistical 
analysis. For example, NOAA's "Effects Range Low" (ERL) values were calculated based on 
observing toxicity in 10% of all test species represented in a nationwide database. According to 
the researchers who developed the ERLIERM approach, concentrations above the ERLs indicate 
possible Since exceedances of lower effect SQGs such as ERLs represent statistically 
significant toxicity observed in a percentage of species, exceedances of lower effect SQGs 
should be considered as one line of evidence in the analysis of causative pollutants. 

There are numerous situations in which restricted analysis of sediment toxicity to only 
ERM-equivalent SQGs could result in a failure to identify the pollutants causing the toxicity. 
For example, in situations where the sediment contains many different pollutants (which is often 
the case for sediment), if multiple pollutants exceed lower effects levels, it is highly likely these 
pollutants collectively are contributing to the toxicity, even if ERMs are not exceeded. In fact, 

16' Virginia Department of Environmental Quality, "Water Quality Assessment Guidance Manual for 2004" 
(November 3,2003) (Virginia Policy) at 17. 

Long, E.R., et.a1.,1995, "Incidence of Adverse Biological Effects Within Ranges of Chemical Concentrations in 
Marine and Estuarine Sediments." Environmental Management. Vol. 19. No. 1. oo. 81-97. 



the SWRCB acknowledges that SQGs are most predictive of toxicity if several values are 
exceeded.'63 Lower effect levels should also be considered if the toxicity is being observed in 
species that are particularly sensitive to benthic contamination, or for water bodies with special 
species of concern. For example, the proposed ERM-based listing policy would allow sediments 
toxic to echinoderms (often the most sensitive category of marine organisms) without listing the 
sediments as impaired, thereby accepting this degraded condition. 

We therefore urge the Board to require consideration in Draft Policy Section 6.2.3 of 
exceedances of lower effects level SQGs, including NOAA's ERLs and Florida's threshold 
effects level (TELs), in addition to the higher effects-level SQGs, for identification of pollutants 
causing sediment toxicity, and revise the language in Issue 5C of the FED accordingly. 

F. Preferred Approach for Recreational Waters 

The Draft Policy should restrict assessment methodology of marine beach recreational 
water quality to a reference-system approach. Allowing a 10% exceedance rate year-round and a 
4%exceedance during the summer months fails water quality standards, is not scientifically 
defensible and will likely result in beaches not being listed that are unsafe for swimming. 

The Draft Policy for evaluating recreational waters should be 
restricted to a reference-system approach. 

We support the Draft Policy's recommendation that a reference system approach should 
be used to assess marine beach water quality for listing purposes. Comparison to an appropriate 
reference system is the most scientifically defensible and protective approach to accounting for 
background levels of bacteria at marine beaches and to prevent further degradation of water 
quality. This approach is recommended by the State's Beach Water Quality Work Group 
(BWQWG), which is comprised of microbiologists and scientists from local health agencies, 
POTWs, stormwater agencies, researchers, and nonprofit groups (Heal the Bay is an active 
member). Additionally, the reference system approach is used in the Los Angeles RWQCB's 
bacteria TMDLs for the Santa Monica Bay Beaches, Marina Del Rey, and Malibu Creek, based 
on the recommendation of a stakeholder technical advisory committee after three years of study 
and analysis. 

However, the Draft Policy also allows the use of a 10 percent exceedance rate with a 
confidence level of 90 percent using a binomial distribution, a 25% exceedance rate for small 
sample sets, and a 4% exceedance rate is allowed between the AB 411 months of April and 
October. As further discussed below, these exceedance rates are arbitrary, not scientifically 
defensible, and are far too high for protection of REC-1 usage. 

The SWRCB offers no justification for allowing any other type of assessment aside from 
the reference system approach. Based on Heal the Bay's comprehensive database of bacteria 
monitoring results fiom County health agencies across the State, it should not be very difficult 
for the regional boards throughout the State can identify reference beaches for all beaches used 
for recreational purposes. The Draft Policy should be revised to 
require a reference-system approach for the evaluation of marine recreational beaches. 



Section 3.1.3 should clearly state that no exceedances of the State's health- 
based standards are acceptable at marine recreational beaches unless the 
exceedences are attributable to background levels of bacteria. 

As currently drafted, the policy is unclear on the reason that any exceedance rate is 
tolerated before a water body is listed (see Draft Policy Section 3.1.3). This section should be 
revised to clearly state that no exceedances of the State's health-based bacteria standards for 
marine beaches are acceptable unless it can be demonstrated, by comparison to an appropriate 
reference site, that these exceedances are due to background levels. 

It should be noted that discounting background levels of bacteria is not inconsistent with 
our position, stated elsewhere, that water segments impaired by natural sources should be listed. 
From a scientific prospective, unlike most other types of pollutants, natural sources of bacteria 
are ubiquitous in the environment, originating from natural organic materials, wildlife, and soil. 
Additionally, bacteria are indicators, or surrogate measures, of the presence of human pathogen, 
the pollutant we actually wish to control. These factors suggest that background levels cannot 
(and possibly should not) be controlled. From a practical perspective, background bacterial 
concentrations are typically so low that their exclusion fiom water quality assessments will not 
generally change the outcome of listing decisions. This can be clearly demonstrated through 
analysis of the extensive bacteria database that exists for California beaches, which are some of 
the most monitored beaches in the country, which shows water quality at many beaches 
throughout the State rarely exceed the State's health-based standards, particularly during the AB-
41 1 time period.'64 

The 4% exceedance rate allowed in the policy for assessing dry 
summer season conditions at beaches in lieu of a reference system 
is arbitrary. 

The Drafi Policy allows a 4% exceedance rate during the AB 41 1 monitoring time period 
(summer dry weather), which is far too high, based on statewide monitoring data. In the Santa 
Monica Bay Beaches TMDL, the reference site is a popular beach located in northern Santa 
Monica Bay. Daily monitoring for five years showed no exceedances during summer dry 
weather at this beach.I6' More significantly, water quality at many beaches in California meet 
the state's bacteria standards throughout the summer. For example, during the AB 41 1 time 
period of 2002, at least 34% of the 420 beaches routinely monitored showed no exceedances of 
state health standards during the AB 41 1 timeframe.lb6 In fact, most beaches in the South Bay 
portion of Santa Monica Bay do not exceed the 4% frequency on a year-round basis, let alone for 
the summer dry weather.I6' 

The 4% exceedance rate was derived from a study of Southern California completed by 
SCCWRP and others as part of the Bight '98 study.I6' This study was not designed to establish 

id. 

16' LOS Angeles Regional Water Quality Control Board, Santa Monica Bay Beaches Bacteria Total Maximum Daily 
Load, Resolution 02-004, January 24,2002. 

Heal the Bay's 12' Annual Beach Report Card, http://www.healthebay.org/brc/annuaVdefauIt.asp. 
'''See Heal the Bay's lo?, 1l', 12", and 13' Annual Beach Report Cards at 
http://www.healthebay.org/brc/annuaVdefaultasp No exceedances of the health standards were observed all 
beaches that received an A+. 
168 Noble, Rachel T., Dorsey, J., Leecaster, M., Mazur, M., McGee, C., Moore, D., Victoria, O., Reid, D., Schiff, K., 
Vainik P., Weisberg, S. 1999. ~ 
Shoreline Microbioloev. Southern California Coastal Water Research Proiect. Westminster. CA. 

http://www.healthebay.org/brc/annuaVdefauIt.asp
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exceedance rates due to background bacterial concentrations. The study did not consider 
whether anthropogenic sources other than storm drains were potentially contributing to bacteria 
at the beach; i.e, the study beaches may have been impacted by a wide variety of sources 
including septic tanks, boats, anthropogenic-related bird and animal wastes, etc. Additionally, the 
study is a snapshot study, in which sampling was conducted weekly during a 5-week period of 
one summer. The results are not temporally-representative of unimpacted beaches during the dry 
season. The Draft Policy should not rely on snapshot data when there are years of routine 
monitoring data available for many California beaches. In summary, the use of this data in the 
context of assessing marine beaches for impairment is scientifically inappropriate. 

Allowing a 10% exceedance rate plus a confidence level of 90% in a 
binomial distribution at marine beaches is arbitrarj, is not protective of 
public health, and allows an exceedance rate far higher than the 
exceedance rates observed at many polluted beaches in California. 

The policy specifies that if the reference system is not used, a marine beach will not be 
listed unless the observed exceedance rate is 10% or greater with a 90% confidence level using 
the binomial model. This translates to a 17% exceedance rate at beaches monitored weekly (the 
most common monitoring plan at California beaches) using Table 3.1 of the Draft Policy. This is 
an extremely high rate of exceedance of California's health-based standards, which are designed 
to meet the federal marine beach criteria. Clearly, this policy will result in the failure to list 
beaches that frequently pose a health risk above the U.S. EPA's recommended health risk rate of 
19 swimmers per 1,000 for gastrointestinal illnesses and that are not supporting a REC-1 
beneficial use designation. 

The recommended 10% threshold is not supported by existing data.'69 For example, data 
analyses conducted for the bacteria TMDLs for Santa Monica Bay do not support a 10% 
exceedance rate. Analysis of five years of routine monitoring data at 55 beaches showed that 35 
beaches had an average exceedance rate of less than 10% per year. In other words, 61% of the 
beaches routinely monitored in Santa Monica Bay have an exceedance rate of less than lo%, yet 
most of these beaches are monitored because they have sources of bacteria nearby such as stom 
drains. Thus, many beaches with sources of bacteria have a lower exceedance rate than the rate 
the state is using. 

The SWRCB provides no justification for applying the binomial model with a 10% 
exceedance rate to the assessment of marine beaches for protection of human health. The policy 
fails to explain how this 10% relates to implementation of the health standard. Instead, this 
percentagk is from an outdated recommendation from EPA for interpreting fecal co1ifo.m 
data.'" This threshold was not recommended by EPA in their most recent guidelines for 
interpreting bacteria data for listing purposes in the May 2002 draft ~m~lementation Guidance of 
Ambient Water Quality Criteria for Bacteria. In fact, none of the U.S. EPA's most recent 
guidance documents on management of public health rotection or assessment of recreational 
water bodies recommends this high exceedance rate. 18 

'69 Alamillo, Heal the Bay, 2002 unpublished data. 
U.S. EPA, 1997, "Guidelines for Preparation of the Comprehensive State Water Quality Assessments and 

Electronic Updates." 
"' U.S. EPA, 2002a, "Implementation Guidance for Ambient Water Quality Criteria for Bacteria," Ofice of Water, 
Washington D.C., EPA-823-B-02-003; and U.S. EPA, 2002b, "National Beach Guidance and Required Performance 
. . . . ,,: . n n rn* nmq ,,A nn* 



The policy's exceedance threshold of 25% for small sample sets (less than 20 samples) is 
arbitrary and is far too high to ensure recreational waters that are monitored infrequently are 
meeting their beneficial uses. Again, the SWRCB provides no justification for setting this 
threshold. 

The policy does not address the State's health-based geometric mean 
standards for marine beaches. 

The Draft Policy fails to provide guidance on how to assess marine beaches relative to 
the State's health-based geometric mean standards. It is particularly essential to protection of 
public health at California beaches to ensure the geometric mean standards are being met. The 
basis for the federal and State's enterococcus criteria is the geometric mean value, which is 
directly linked to health risk^."^ The geometric mean integrates several data points and accounts 
for magnitude. Also, the recent amendment to the Ocean Plan strengthens the State's reliance on 
the geometric mean standards for fecal bacteria to protect REC-1 waters."' 

We recommend that the geometric mean standards are strictly applied at marine beaches. 
This is consistent with Region IV's bacteria TMDLs and the proposed amendments to the 
California Ocean Plan. W> recommend that two or more exceedances of the geometric mean 
should be the threshold for listing recreational beaches. 

Beach closures due to sewage spills should be used in the listing decision. 

Contrary to Section 3.1 of the Draft Policy, beaches that are closed often due to 
reoccurring sewage spills should be listed as impaired since the beneficial use is lost. The listing 
process does not take rain advisories, which result in the direct loss of a beneficial use, into 
account for beaches that are not routinely monitored during wet weather or during the non-AB 
41 1 season. 

Extensive data demonstrates that many AB 411 beaches have poor water quality during 
wet Many routine beach monitoring programs suspend monitoring during rain 
events. At these beaches, the local health officer is relying on rain advisories in lieu of 
monitoring data to protect public health and, therefore, the only information available to the 
public about the quality of water at these beaches is the rain advisories. Thus, the rain advisories 
become a de facto measure of the loss of beneficial use at these beaches. Regional boards that 
do not use rain advisories in the listing process for beaches that are not routinely monitored 
during wet weather or during the non-AB 41 1 season provide an incentive for monitoring 
agencies to suspend monitoring during these time periods and instead rely on rain advisories, 
thus avoiding 303(d) listing of beaches that are polluted during the wet season. Until wet 
weather monitoring is conducted at a beach and actual monitoring data is available to assess 
these conditions, rain advisories must be used in the listing process in some manner to account 
for the loss of the beneficial use of recreating at marine beaches during wet weather. 

We urge the SWRCB to revise Section 3.1 to allow for listing in the face of wet weather 
advisories and to craft this listing policy in a manner that provides incentives for monitoring 

172 Cabelli, V.J.,1983 "Health-effects criteria for marine recreational waters." Research Triangle Park, U.S. EPA, 
EPA-600/1-80-031 .- ~ -~ ~~ ~

"'State Water Resources Control Board, '.Ocean Plan Informational Document 12-03" (2003). 
174 See Heal the Bay's 10'~.  I lIh, 12", and 13Ih Annual Beach Report Cards at 



during wet weather, as opposed to the current Draft Policy, which provides a disincentive.Wet 
weather is a peak recreational use period for surfers, which are currently not protected by the 
303(d) listing process. 

In summary, we recommend the followingmodifications for the listing of recreational 
waters: 

Require the use of a reference beach for the assessment of all marine beaches. 
Remove the alternative assessment methodologies from the Draft Policy 

a Clarify Draft Policy Section 3.1.3 with language that clearly states exceedances of 
the health-based standards are not allowed unless these exceedances are due to 
background bacterial concentrationsas demonstrated by comparison to a 
reference site. 
Require listing if two or more exceedances of the geometric mean standards are 
observed. 
Require the listing of beaches that fail to meet the listing criteria because of 
reoccumng sewage spills. 
Require consideration of rain advisories in the listing process if the beach is not 
routinely monitored during wet weather. 

G. Preferred Approach for Addressing SpatiaUTemporal Variability 

Spatially and temporally variable data, as discussed above, are not amenable to the cut-
and-paste binomial methodology, which masks such variability. Accordingly, we recommend 
that such datasets be evaluated under a meaningful weight of evidence approach. Under such a 
methodology, Regional Board staff would be able to detect "hotspots," trends and periodicity in 
data and evaluate whether these are evidence of real water quality problems. 

To reiterate our recommendations from Section V. above, the Policy should be revised to: 

remove the requirement related to seven days averaging and the requirement of a 
predetermined timeframe to determine the temporal independence of samples, and 
replace it with language that states the data evaluation should consider the 
temporal representation of the samples, particularly with regard to site-specific 
characteristicsincluding climate conditions at the time of sampling; 
remove the language related to 200 meters and replace it with language that states 
the data evaluation should consider the svatial revresentation of the samvles.. , 

particularly for samples collected in close geographicproximity relative to site-
specific characteristics and the location of potential sources; 
remove the language that provides the general definition that temporal 
representation can be obtained by collected data in two seasons or two events; 
apply the discussion in the FED on spatial and temporal representation to the 
Draft Policy, including discussion of the general factors that should be considered 
to evaluate data representation (e.g.variability in weather, seasonal influences, 
sources, critical condition, land use, flow rates, depth, current, temperature, 
sunlight, geology, etc.). 



H. Preferred Approach for Nutrients 

The Board should remove the requirement that listing for impairments related to algae 
and excessive levels of nutrients must be based on the use of numeric guidelines. Numeric 
guidelines for algae and nutrients that meet the requirements of section 6.2.3 and can be used per 
section 3.1.1 do not exist. 

We agree with the overall approach of Alternative 3 in Issue 4G of the FED, "Interpreting 
Nutrient Data." In particular, we support the following "....RWQCBs should use models, 
scientific literature, data comparisons, to historical values or to similar but unimpacted streams, 
Basin Plan objectives, or other scientificallydefensible methods to demonstrate that nutrients are 
to blame for the observed impacts." However, the Draft Policy seems to contradict this 
recommendation by strictly requiring the use of numeric guidelines that meet the requirements of 
Section 6.2.3 in conjunction with the binomial model. Section 3.1.7.1 of the Draft Policy states 
that "[flor excessive algae growth, unnatural foam, odor, and taste, acceptable nutrient-related 
evaluation euidelines are exceeded as described in section 3.1.1." Section 3.1.1. specifies listing

.d -
requirements when numeric water quality objectives are exceeded (specifically, the use of the 
binomial model), and Section 6.2.3 requires the use of numeric guidelines for narrative 
objectives. 

As the FED seems to acknowledge (contrary to the Draft Policy), there are no universally 
accepted guidelines for bio-stirnulatory impacts caused by nitrogen or phosphate. In addition, 
there are no accepted numeric limits for algae. Thus, Section 3.1.1 does not apply to nutrients or 
algae. As discussed herein, strictly requiring the use of numerical guidelines to interpret 
narrative standards (and then applying the binomial model) is inappropriate for many impacts, 
including nutrients, because (again) no universal numerical guidelines exists. Nutrient and algae 
impairment assessment needs to be based on a reference system approach that accounts for site-
specific or region-specific conditions. Additionally, there are other, more technically-desirable 
and scientifically-defensiblemethods for quantitatively evaluating narrative objectives than 
applying general numeric guidelines, such as the reference system approach. 

As currently drafted, the policy will effectively eliminate the listing of all impairments 
related to nutrients and algae, because no universal numeric guidelines exists that meet the 
requirements in Section 6.2.3, and because the policy does not allow for the use of other 
scientifically-valid,quantitative approaches like the reference system approach. 

To assess nutrient-related impairments, use of a reference system approach is a 
quantitative method that is scientificallysound and technically defensible. This approach is 
consistent with Alternative 3 in the FED. Therefore, we urge the Board to: 

Remove the language in Section 3.1.7.lof the Draft Policy that is nutrient-related and 
add in language from the FED Alternative 3, includingthe following: "RWQCBs 
should use models, scientific literature, data comparisons to historical values or to 
similar but unimpacted streams, Basin Plan objectives, or other scientifically 
defensible methods to demonstrate that nutrients are to blame for the observed 
impacts." 

Emphasize the use of a reference system approach for identifying impairmentsrelated 
to nutrients and algae as a defensible and technically-sound approach. 



Delete the language in the FED Issue 4G regarding the use of nutrient ratios, since 
there is no scientificbases for determine nutrient limitation in freshwatersystems 
based on nutrient ratios alone. 

With respect to the last bullet, the FED states "If listing for nitrogen or phosphorous 
specifically, RWQCBs should examine the ratio of these two nutrients to determine the limiting 
agent." Nutrient ratios alone cannot be used as an indication of which nutrient is actually 
causing impairment.'75 In freshwater, nutrient limitation can only be determined experimentally, 
for example by in situ experimentswith nutrient diffusing substrates. Further, the results of 
these experiments may be highly site-specific. For example, the Los Angeles Regional Board 
has done studies like this with SCCWRP,and the results showed that one nutrient was limiting in 
some creek segments, while the other nutrient was limiting in other segments.'76 Finally, this 
approach is also flawed because very high algal cover can exist at sites where one nutrient is 
extremely low, if the other nutrient is above background concentrations for that creek. For 
example, in Malibu Creek, where nitrate is consistently <0.05 mg/l and phosphate is consistently 
above 0.15 mg/l, algal cover consistently exceeds the 30% cover defined as nuisance by the 
USEPA (in the Malibu Creek algae TMDL). In this case, nitrate would be the limiting nutrient, 
but it would be impossible to get the nitrate any lower. Instead, lowering the phosphate 
concentrations in the water to reference condition concentrationswould likely result in decreased 
algal cover, as seen at reference sites."7 

Therefore, we urge the Board to remove the language related to the use of nutrient ratios 
from the FED.'" 

I. Preferred Approach for Nuisance 

Many of the pollutants characterized as "nuisances" may pose serious threats to aquatic 
habitat, recreation, fishing, and other important beneficial uses. The FED recommended a 
nuisance rule that would use both quantitative and qualitative information. The policy should 
contain a procedure that allows both quantitative and qualitative data and information in the 
evaluation of nuisance.'79 According to the FED: "When qualitative information is combined 
with quantitative data related to pollutants, such as excessive nutrients, multiple lines of evidence 
provide strong support for placement on the section 303(d) list."'80 

In light of this hearty endorsement of the value of quantitative and qualitative information 
in combination, it was surprising to us that section 3.1.7 of the Draft Policy ("Nuisance") 
provides that nutrient-related nuisance conditions and other types of nuisance conditions, in 
general, should be assessed using the binomial listing factors. There is no justification for 
requiring the use of the 10%binomial approach in these circumstances, particularly when many 
of the Basin Plans contain water quality objectives that do not appear to authorize such high 
exceedance frequencies. This is particularly troublesome in light of the fact that impairment by 

175Dodds, W.K. 2003. "Misuse of inorganic N and soluble reactive P concentrations to indicate nutrient status of 
surface waters." J. N.Am. Benthol. Soc. 22(2): 171-181. 
'76 Busse, L. et 01.2003. "A survey of algae and nutrients in the Malibu Creek watershed. Southern California," 
Coastal Water Research Project Technical Report #412. 
'77 Luce, S., 2003, "Urbanization and Aquatic Ecosystem Health in Malibu Creek, California: Impacts on 
Periphyton, Benthic Macroinvertebrates, and Environmental Policy," UCLA dissertation, Environmental Science 
and Engineering, School of Public Health. 
17' FED at 83. 
179FED at 100-101. 
IRO 7.-.. . .nn 



nutrients is often best demonstrated using multiple lines of evidence - a demonstration that is not 
possible under the binomial listing factors. As discussed elsewhere in this letter, we urge the 
SWRCB to adopt a reference-based approach for nuisance conditions related to nutrients. 

Other types of nuisance conditions, including taste, color, oil, sheen, turbidity, litter, trash 
and odor -when they are not related to nutrients -may be listed when "there is a significant 
nuisance condition when compared to reference conditions." We support the use of reference 
condition approaches in evaluation of these parameters, and we request that this provision be 
expanded to include nutrients and nutrient-related nuisance conditions. However, other 
qualitative approaches may be useful in assessing nuisance conditions as well, which the Draft 
Policy does not appear to provide for the use of. The Draft Policy should be modified to 
explicitly provide for the use of other scientifically-based, qualitative approaches. 

J. 	 Preferred Approach for Sedimentation, Adverse Biological Response, and 
Degradation of Biological Populations and Communities 

Data used to assess imvairment related to biological imaacts from sedimentation. adverse -
biological response, and degradation of biological populations and communities often does not 
lend itself to the narrowly allowed data analysis methodologies of the draft policy. For example, 
the draft policy states sedimentation and debadation of biological populations &d communities 
should be evaluated using the binomial model (Sections 3.1.8 and 3.1.9). Even if an alternative 
evaluation method was allowed by the policy for these impacts (the Policy is unclear on this 
issue), the requirements for this alternative evaluation are severely limited by statistical 
requirements (Section 6.2.3). 

Evaluation of impacts related to sedimentation, adverse biological response, and 
degradation of biological populations and communities requires multiple lines of evidence (as 
noted in the FED). Currently, the Draft Policy does not appear to allow a weight of evidence 
approach for these impairments. Furthermore, the Draft Policy appears to eliminate the use of 
many, scientifically-accepted and recommended approaches to evaluating biological impacts.'s' 
For example, the policy seems to not allow the use of the California Department of Fish and 
Game's Index of Biological ~ntegr i t~ . '~ '  By doing so, the draft policy effectively blocks the use 
of many types of biological datasets and bioassessment studies from consideration in the listing 
process, and effectively blocks most listing related to biological impacts. 

The policy does allow the use of a reference system approach for evaluation of adverse 
biological response (Section 3.1.8). This type of approach, along with other scientifically- 
accepted methodologies should be allowed by the draft policy for consideration of listing related 
to sedimentation and degradation of biological populations and communities, in addition to 
adverse biological response. 

''I For example, see Davis and Simon, 1994, Biological Assessment and Criteria Toolsfor Water Resources 
Planning and Decision Making, Lewis Publishers; Schmitt and Osenberg, 1996, Detecting Ecological Impacts, 
Concepts and Applicatons in Coastal Habitats, Academic Press; and Quinn and Keough, 2002, Experimental Design 
and Data Analysis for Biologists, Cambridge University Press. 

Harrington, J. ,Born, M. 1999.Measuring the health of California stream and rivers: A methods manualfor 
water resourceprofessionals, citizen monitors, and natural resources students, 2ndEdition. Sustainable Land 
Stewardship Institute, Box 161585, Sacramento CA 95816. 



In addition, the policy regarding bioassessment should be revised to allow for other 
entities, aside from the Regional Boards, to establish and collect data from reference sites for the 
purposes to identifying and quantifying water quality impairment. 

As currently drafted the Draft Policy appears to block the use of bioassessment studies 
that are not completed by the Regional Boards. The SWRCB's chosen alternative for assessing 
degradation of biological populations or communitiesrepeatedly contains language requiring the 
regional boards to "clearly document how reference sites are selected and used" and "describe 
the habitat they are sampling and why it was chosen." This language appears to imply that only 
data collected from bioassessment studies conducted by the regional boards can be used in the 
assessment of biological communities for the purposes of listing. In practicality, bioassessment 
studies are completed by other State and federal agencies (resource agencies), research groups, 
academia, the regulated community, and non-profits. 

We therefore urge the Board to revise the language in the FED that all readily available 
bioassessment data will be considered for listing purposes, and add this language to appropriate 
sections of the Draf?Policy. In addition, the Draf?Policy should explicitly state that assessment 
for biologically-related impacts often requires the use of multiple lines of evidence, in a weight 
of evidence approach. The next section of this letter discusses our comments regarding specific 
requirements for using a weight of evidence approach in the listing process. 

Finally, as discussed elsewhere in these comments, the Policy should allow listing based 
solely on adverse biological response and degradation of biological populations and communities 
without requiring identification of the causative pollutants. Specifically, in section 3.1.8 and 
3.1.9, the following sentence should be included (as it was in section 3.1.6 on toxicity) "Waters 
may be placed on the section 303(d) list for adverse biological response (or degradation of 
biological populations and communities)." 

K. Alternative Data Evaluation 

As discussed in Section VII. above, the binomial approach proposed by SWRCB is rife 
with deficiencies. For example, the binomial method cannot and does not account for the 
magnitude of the exceedance, temporal or spatial variability in data, the existence of trends, 
whether past exceedances are likely to recur, or how various lines of evidence might "fit" 
together to support a listing or delisting decision. Additionally, many types of data do not 
always lend themselves to the binomial model approach such as data used to assessment 
impairments related to biological impacts, nuisance, sedimentation, nutrients, and narrative 
objectives. The purpose of providing an altemative to the primary listing factors should be to 
mitigate the shortcomings of the statistical approach. 

The proposed "Alternate Data Evaluation" process does not provide a robust and 
comprehensive altemative to the binomial because, among other things: 

it requires an excessivelyrigid statistical approach; 
it does not provide for consideration of multiple lines of evidence; and 
its provisions requiring comparison with numeric standards are too 
restrictive. 

With respect to the first bullet, the Altemative Data Evaluation process as proposed 
reauires a statistical auuroach so rieid as to make it essentiallv unworkable. The Altemative 



Data Evaluation section establishes six strict criteria that must be met in order to justify a listing. 
The most troubling of these criteria is the requirement that the evaluation be made using a 
statistical method with a confidence level equivalent to the SWRCB's binomial approach and 
that tests a null hypothesis that water quality standards are attained. As discussed elsewhere in 
this letter, other statistical approaches are just as likely as the binomial approach to fail to 
consider exceedance magnitude, temporal and spatial variability, and trend information. The 
requirement that any alternative approach be equally statistically rigid severely hamstrings the 
Regional Boards and prevents the application of a true weight-of-evidence approach in 
circumstances where the binomial evaluation "masks" critical water quality information. This 
may not have been Staffs intent. According to the FED, the intent of this section was to allow 
the use of a weight-of-evidence approach in situations where multiple lines of evidence exist, 
conflicting lines of evidence exist, or additional data is available that suggest the water body may 
be impaired.Ig3 Unfortunately, the Appendix is inconsistent with this intent. 

With respect to the second bullet, the Alternative Data Evaluation provisions do not 
provide for the consideration of multiple lines of evidence. Under SWRCB's proposal, an 
alternative data evaluation approach can be used for data "not otherwise addressed in the listing 
guidance or "where an individual line of evidence would not support placement of the list."'84 
However, an individual line of evidence will often be insufficient for a comprehensive 
assessment of water quality in a water segment. Specifically, assessments for human health, 
toxicity, nuisance condition, adverse biological responses, degradation of biological populations 
or communities, and trends in water quality often require multiple lines of evidence to determine 
if standards are attained.'" SWRCB's proposed language appears to inappropriately limit the 
use of a weight of evidence approach and does not allow the use of this approach when 
considering listing factors that require multiple lines of evidence for listing. In addition, section 
3.1.11 does not clearly allow use of the Alternative Data Evaluation approach when "available 
lines of evidence may conflict," or when "there may be circumstances when additional or 
conflicting lines of evidence may compel RWQCBs to place water bodies on the section 303(d) 
~ i s t . " ' ~ ~  

Finally, with respect to the third bullet, the Alternative Data Evaluation provisions 
requiring comparison with numeric standards are far too restrictive. The SWRCB's proposed 
policy requires that the data used in an alternative evaluation can be compared to numeric 
objectives, criteria or guidelines. This provision will effectively curtail the use of numerous types 
of data: data from academic special studies; data that do not lend themselves to statistical 
evaluation like fish kill data; data that cannot be compared to numeric guidelines; and several 
scientifically-valid types of analysis including reference system approaches like California 
Department of Fish and Game's IBI methodology. 

We recommend that California's listing policy should instead include an Alternate Data 
Evaluation section that considers the critical data and information that the binomial method 
filters out. Specifically, the SWRCB should adopt a true weight-of-evidence approach as 
required by the Legislative Analyst's Office in its Supplemental Report on the 2001 Budget Act, 
of which relevant sections are included in Appendix IV."' Such an approach would be used 
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when the binomial method or other recommended listing approaches do not result in the listing 
of a water body, and there is evidence or additional information that indicates that water quality 
criteria may be exceeded. Water segments shall be placed on the section 303(d) list if theweight 
of evidence demonstrates that water quality impairment exists. When recommending listing 
based on the weight of evidence, the RWQCB shouldjustify its recommendation to list by: 

providing any data or information supportingthe listing; 
describing the methodology for making the listing decision; 
describing how the data or information are relevant to the water quality standard; 
and, 
demonstratingthat the weight of evidence of the data and information indicate 
that water quality impairment exists. 

Data and information used in the weight of evidence evaluationmay include, if available: 

magnitude of standards exceedances or impairments; 
frequency of standards exceedances or impairments; 
comparisonsto reference conditions in similar waters; 
adverse biological responses, such as reduction in growth, reduction in 
reproductive capacity, abnormal development, histopathological abnormalities, 
and other adverse conditions; 
degradation of biological communities, including but not limited to diminished 
numbers of species or individuals of a single species; 
nuisance conditions such as odor, taste, excessive algae growth, foam, turbidity, 
oil, litter or trash, and color; 
photographic evidence of standards non-attainment; 
pollution events; 
specific water body or watershed characteristics; 
calibrated and validated modeling results; or 
potential impacts to humans or wildlife from consumption fish or shellfish. 

In addition, the SWRCB should remove the following language from requirements on 
alternative guidelines or methods used to interpret narrative objectives: "Previously used or 
specifically developed to assess water quality conditions of similar hydrographic units." This 
requirement is nonsensical because it has no bearing on the quality and appropriatenessof the 
guideline in question. For example, a new numeric guideline may be developed as a result of 
extensive studies to evaluate a specific water quality problem. According to the draft policy, this 
guideline could not be used in the listing process if is has never been used before or if the 
developer did not specifically state it's use for certain hydrographicunits. 

Furthermore, the SWRCB should remove the following language from requirements on 
alternative guidelines or methods used to interpret narrative objectives:"For non-threshold 
chemicals, risk levels shall be consistent with comparable water quality objectives or water 
quality criteria. Risk levels are rarely determinedby many scientifically-acceptablemethods for 
evaluating biological and ecological impacts. This is because, in many cases, risk levels can not 
be conclusivelycalculated without the use of multiple assumptions that can be easily 
manipulated. Thus, this requirement could significantly limit the use of data and analysis from 
peer-reviewed, scientifically-defensibleefforts or could force the completion of uncertain, and 
largely useless, risk assessments. 



L. Preferred Approach for Interpretation of Narrative Water Quality Objectives 

Federal regulations explicitly require that attainment of narrative water quality standards 
should be assessed in developingthe Section 303(d) list. Although "[tlhe SWRCB and 
RWQCBs have used a variety of guidelines or scientificallyderived values to interpret narrative 
water quality objective^,"'^^ other narrative objectives defy such interpretation. Consequently, a 
state's policy for interpretation of these objectives must be flexible enough to provide for 
interpretation of such objectives. 

The proposed policy does not provide a flexible comprehensivepolicy for interpretation 
of narrative water quality standards. Rather, it unlawfully undercuts the basic requirement of 
Section 303(d), which does not limit TMDL preparation or listing to violations of narrative 
objectives only when they can be translated under certain rules. By imposing these rules, the 
policy departs not only from the weight-of evidence approach required by state law, but also 
from the most basic mandates in Section 303(d). 

The only discussion of interpretation of these standards comes in the Alternate Data 
Evaluation section of the Appendix, which contains the following requirements relevant to 
narrative water quality objectives: 

The data and information can be compared to applicable water quality objectives, 
water quality criteria, or numeric guidelines; 
Corroborating evidence from inde endent lines of evidence show narrative water 
quality standards are not attained.P,9 

As noted above, there are several types of impairment that cannot be adequately assessed 
by available numeric guidelines. Most significantly, there are no universal numeric guidelines 
for impairments such as those associated with nutrients, algae, turbidity, trash, color and oil. 
Moreover, there are several reliable quantitative methods that assess narrative objectives that do 
not rely on available numeric guidelines,most notably reference system based approaches and 
use of translators of all types, as recommended by EPA. The Draft Policy does allow for the use 
of evaluation guidelines other than those specifically named in the policy.190However, the 
provisions of the Alternate Data Evaluation section so narrowly circumscribethe use of these 
guidelines that many available numeric guidelines -particularly the reference-system based 
approaches and translators -would be unusable. Consequently, these restrictions eliminate 
much of the practical value of narrative water quality objectives. 

Moreover, these restrictions are inconsistent with the EPA's recommended approach of 
using different types of translators for evaluating narrative objectives. According to the EPA, 
"[a] 'translator' identifies aprocess, methodology, or guidance to quantitatively interpret 
narrative criteria statements. Translators may consist of biological assessment methods (e.g., 
field measures of the biological community), biological monitoring methods (e.g., laboratory 
toxicity tests), models or formulae that use input of site-specific informationldata, or other 
scientificallydefensible methods."191 In other words, EPA's interpretation of the term translator 
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evinces a much broader understanding of what tools may be used to interpret narrative 
objectives. 

In particular, the Draft Policy does not allow the use of a reference system to evaluate 
compliance with narrative standards. This is problematic for several reasons. First, such a 
policy is inconsistent with EPA's policy on translators, which would clearly permit the use of a 
reference system approach to quantitative evaluation of narrative objectives. Second, from a 
technical perspective, a reference system approach or an indices approach are scientifically better 
accepted for evaluating compliance with narrative standards because they can account for site- 
specific characteristic^.'^^ Consequently, it is the approach most academic studies use to 
quantify biological and ecological impacts and the factors contributing to those impacts. For 
example, the California Deparhnent of Fish and Game's LBI methodology is a reference-based 
approached developed specifically to evaluate the health of California's freshwater systems.'93 
Data from this peer-reviewed method does not meet the narrow requirements in the Draft Policy 
for narrative objective evaluation and could not be used. 

We recommend that the Draft Policy be revised to avoid restricting interpretation of 
narrative objectives to numeric guidelines. The Policy should allow for the use of other 
scientifically defensible methods, including EPA's recommended use of translators and reference 
system-based methods. A weight-of-evidence approach should be allowed for evaluation of 
narrative objectives. 

The intent of the SWRCB a pears to be to allow the use of a weight-of-evidence 
approach in some circum~fances.~~~The weight-of-evidence approach is for the interpretation of 
narrative objectives because of the nature of the data and analytical methods necessary to 
evaluate narrative objectives. Such an approach should be outlined in a new Draft Policy section 
"Evaluation of Narrative Criteria." In this section, use of interpretative tools other than the 
numeric guidelines - including biological assessment methods, biological monitoring methods, 
models or formulae that use input of site-specific informationldata, reference-based systems, and 
other scientifically defensible methods - should be explicitly permitted. 

In addition, the Draft Policy should not require that methods used to interpret narrative 
objectives be "[p]reviously used or specifically developed to assess water quality conditions of 
similar hydrographic units."'g5 This requirement is inappropriate because it has no bearing on 
the quality and appropriateness of the guideline in question. Finally, the Draft Policy should not 
require that "[flor non-threshold chemicals, risk levels [I be consistent with comparable water 
quality objectives or water quality criteria."'96 Risk levels are rarely determined under many 
scientifically defensible methods because, in many cases, it would be impossible to do so without 
making multiple assumptions that can be easily manipulated. Consequently, this requirement 
could significantly limit the use of data and analysis from peer-reviewed, scientifically 
defensible efforts. 

19'
 FED at 104. 
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IX. RECOMMENDED METHODOLOGY FOR IDENTIFYING "CLEAN" 
WATERS ("DELISTING") 

We have a number of comments on the Draft Policy's delisting proposal. Most 
significantly,it suffers from the same problems inherent in the Draft Policy's other sections 
(such as the appropriate use of the binomial model, use of available data, and proper 
interpretationof water quality standards provisions). These issues were all put to the state's 
attention by EPA last June; unfortunately, the problems remain. Specifically, EPA states that the 
assumptions behind the proposed delisting provisions ''will need to be re-visited to be consistent 
with EPA's expectations . . . since [the underlying assumptions] may not be consistent with 
applicable water quality standards."19' 

Delisting requirements should include speciJc requirements on data 
representation. 

First, delisting requirements should include specific requirements on data representation. 
The Draft Policy currently requires a minimum of 22 samples before a water body can be 
evaluated for delisting. However, the policy contains no specific data representation 
requirements for these 22 samples, such as the minimum timeframe in which these samples can 
be collected and specific conditions that should be captured. 

Unlike listing, delisting decisions will often be made based on data collected in studies 
and monitoring efforts specifically designed and implemented to support delisting decisions. 
These data collection efforts will come through TMDL-related activities, enforcement-related 
actions, and stakeholder-drivenstudies efforts. The delisting policy should include specific data 
representation requirements for these studies and monitoring activities. Moreover, given the 
significant ramifications of delisting a water body, it is imperative that the SWRCB ensures that 
delisting decisions are based on data that comprehensivelycharacterizeswater quality. Finally, 
and importantly, establishing specific data requirements will greatly enhance the certainty that 
studies conducted by the regulated community and stakeholder groups provide the appropriate 
data for delisting evaluation. 

Accordingly, the Draft Policy currently does not provide for the "margin of safety" called 
for in the Clean Water Act. For instance, a fixed time period will not be sufficient for many 
circumstances. As an example, if a harbor is listed for ~yntheticchemicals that adhere to fine 
sediment particles, it will need to be monitored for a sufficient period of time to include rainy 
seasons that drive the fate and transport of the substances. A Draft Policy that had an appropriate 
delisting margin of safety would include guidance establishing a minimum (rather than fixed) 
sampling time period, as well as a minimum sample count. 

Therefore, in addition to requiring a minimum sample size of 22, the delisting policy 
should clearly require that data meet the following specific representation requirements for all 
delisting evaluations: 

A minimum timeframe for data collection must be established. We recommend 
that the data represent a minimum of three years. It is imperative that a minimum 
time period be represented in the data to account for temporal variability, which can 

19' Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24,2003) 
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be significantlyrelated to a host of factors including climate and seasons. In 
particularly, rainfall conditions greatly influencewater quality in most water bodies. 
In California. drought conditionshave lasted for more than six years at a time. So, a-
three-year requirement should be viewed as an absolute minim&. 

Critical conditionsmust be represented sufficiently within the dataset or study. 
Critical conditions must be identified, including a detailed explanation on how the 
critical conditions were determined. Since the critical condition is the condition in 
which pollutant loads or impacts are expected to be greatest, sufficient representation 
of this condition within the dataset requires that a significant portion of the total 
dataset was collected under this condition. 

Thepolicy should clearly state that delisting evaluations will be conducted 
only when new data meet thepolicy's minimum requirements, and that re-
evaluations of existing data should not occur unless it can be 
demonstrated that the listing was based onfaulty data (as defined) or if 
objectives and standards have been revised. 

The policy should also clearly state that delisting evaluationswill be conducted only 
when new data meet the policy's minimum requirements, including sample size, data 
representation, and data quality requirements. The Draft Policy is unclear on the data 
requirements that must be met before a delisting evaluationwill be conducted. Section 4 of the 
Draft Policy does state that re-evaluation shall occur if the listing was based on faulty data. 
However, it is unclear whether delisting evaluations can be requested using existing and 
previously evaluated data because application of the new listing policy guidelines may result in a 
delisting. As currently drafted, it appears possible that delisting requests could occur for 
virtually every listed water body, based solely on the potential that a different outcome in data 
evaluation could be obtained from the original listing process because of the new guidance 
policy. For example, delisting requests could be made for listings made for failure to meet 
narrative objectives if the listing data analysis did not use numeric guidelines to interpret the 
narrative objective^.'^^ 

Accordingly, two clarifying items should be added to Section4 of the Draft Policy: 

Delisting evaluations will only be conducted when new data (data not evaluated for 
listing) meet the policy's minimum requirements for data, including sample size, data 
representation, and data quality requirements. 
Re-evaluation of existing data should not be conducted unless it can be demonstrated 
by the questioning party that the listing was based on faulty data or if objectives and 
standards have been revised. 

The delistingpolicy fails to ensure that delisting thresholdsfor listings 
based on an alternative evaluation methodology are more rigorous than-. -
the listingpolicy. 

There are several types of impairments that do not lend themselves to evaluation through 
the binomial model approach, includingthose impairments in which no general numeric 

As discussed herein, interpretations of narrative objectives should not be restricted to use of numeric guidelines. 
r\.> ..:-...:c..,,.. I.C ....:,.a. 1... :...,..>: .....A c-.....-. %-..A -.-.I. "-I^ Î-̂..,,,'̂̂,,̂ ,, 
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standards or thresholds are available, such as failure to meet certain types of narrative objectives, 
degradation of biological populations and communities, sedimentation, nutrient-stimulatory 
imvacts. and trash. For these impairments, a listing should be made based on alternative -
evaluation analyses using other scientifically-acceptable, quantitative methods in a weight-of- 
evidence framework. 

As currently drafted, the delisting policy fails to ensure that delisting is based on an 
evaluation approach that is comparable, and more rigorous than the listing evaluation approach. 
For example, a water body could be listed because a study conducted based on California's IBI 
approach for assessing freshwater showed impairment of a biological population. However, the 
policy would allow delisting of this water body if water numeric pollutant-specific evaluation 
guidelines are exceeded in fewer than 10% of the samples with a 90% confidence level using the 
binomial model. Since a general numeric guideline comparison approach can be used to delist 
the water body, it is possible that the delisting threshold could be lower than the listing threshold, 
which was based on a site-specific study. Inconsistency between listing and delisting thresholds 
is particularly problematic for recreational beaches, for which the policy recommends a 
reference-system approach for listing and the binomial model for delisting. 

Accordingly, we recommend that the delisting policy be revised to require the 
demonstration that the delistina threshold is more rigorous that the listing threshold. In most 
situations, the listing and delisting evaluation methodologies should be consistent to ensure that 
the delisting threshold is more rigorous. 

The delisting policy for marine recreational waters should require the use 
of a reference system approach to ensure consistency between the listing 
and delisting decisions regarding these water bodies. 

The listing policy for marine recreational waters recommends the use of a reference site 
to account for exceedances of health-based bacteria standards that occur due to natural sources. 
The delisting policy for recreational beaches uses an exceedance threshold of 10% using the 
binomial distribution for a confidence level of 90%. These two approaches are inconsistent, and 
could result is a delisting threshold that is less rigorous than the listing requirements, depending 
on reference beach used to list. For example, a beach' could be listed because it has an 
exceedance rate greater than its associated reference beach, but if the reference beach has an 
exceedance rate lower than those listed in Table 4.1 (the binomial model for delisting), the beach 
could then be eligible for delisting -not because water quality at the beach has improved, but 
because the delisting threshold is lower than the listing threshold. 

More importantly, as already discussed, the reference-system approach is the most 
scientifically-defensible method currently available, is the method recommended by the State's 
BWQWG, and has been used in all of the Los Angeles Regional Board's bacteria TMDLs. The 
reference-system approach should be used for evaluating a beach for delisting, instead of an 
arbitrary 10% threshold. We recommend that the delisting policy for marine recreational 
beaches be revised to require the use of the reference system approach. 

The delisting policy for water bodies listed for narrative objectives should 
not allow delisting solely because numeric guidelines are not available to 
interpret the narrative objectives. A reference system-based study should 
be conducted for delisting evaluation. 



The re-evaluation policy for water bodies listed for impairmentsdue to violation of 
narrative objectives is unclear. The Draft Policy could be interpretedto allow the delisting of 
these water bodies if numeric guidelines are not available to evaluate the quality of the water 
relative to the narrative objectives; this is unacceptable. There are other, scientifically-accepted, 
quantitative approaches to evaluating compliance with narrative objectives, aside from 
comparison to numeric guidelines, including the widely-used and accepted reference system-
based approach. As discussed above, the Draft Policy seems to block the use of these methods 
because they will likely not meet the overly stringent requirements of the Draft Policy's 
Alternative Data Evaluation method (Section 6.2.3). 

Importantly, when evaluating compliancewith a narrative objective, comparison to 
reference conditions is a scientifically-preferred approach to comparison to a general numeric 
guideline because'the reference system approach accounts for local and regional-specific 
conditions and characteristics. General numeric guidelines are typically based on a population of 
case studies that may be applicable in general, but result in uncertainty when applied to a single 
site. 

Based on these comments, we recommend that the Draft Policy be revised to specifically 
require the use of a reference-system approach to delist water bodies impaired due to violations 
of narrative objectives. 

X. CONCERNS O F  OTHER AGENCIES AND INCONSISTENCIES WITH 
FEDERAL LAW AND GUIDANCE ILLUSTRATE THAT THE PROPOSED 
LISTINGIDELISTING PROCESS WILL BE UNWORKABLE 

A significantproblem with the proposed Draft Policy is the fact that the agencies charged 
with implementingit, and approving its implementation, are strongly opposed to a number of its 
elements. In a practical sense, this will make the policy unworkable and will further delay 
identification and cleanup of impaired waters. What is more disturbing is that many of these 
comments have been raised repeatedly for months and have generallybeen ignored, as the Draft 
Policy attests. It is unclear who the Draft Policy is directed at, but it is clearly not those agencies 
that have to make sure it works in the real world. 

A. U.S. EPA Region IX Remains Opposed to Key Elements of the Draft Policy 

As described throughout these comments, U.S. EPA raised examples of its numerous 
significant problems with the Draft Policy in oral testimony before the SWRCB on January 28, 
2004. Unfortunately, many of these had been raised with staff eight months ago but remain 
unaddressed.''' Concerns raised by PA in public testimony include the following: 

Toxics - the Draft Policy is inconsistentwith CTR and Basin Plan objectives and allows 
far too many exceedances 

o Toxicity - the Draft Policy is inconsistent with Basin Plans that allow "no toxics 
in toxic amounts" or "no toxicity" 

Conventionals/otherparameters -the Draft Policy is inconsistentwith Basin Plans that 
rarely allow a 10% exceedance frequency. 
Natural source exclusions- these are not provided in existing water quality standards 



Minimum sample sizes - there is no basis for the Draft Policy's requirement of high 
sample sizes or excursion frequencies if minimum sample sizes are not met 
Data quality requirements- federal regulations require consideration of all data and 
information; the Draft Policy could completely exclude some useful data 
The Draft Policy does not make clear whether and how weight of evidence approaches 
would be applied 
The nuisance and nutrient assessment methods are too vague 
There are no clean sediment guidelines/metrics 
The Draft Policy contains unclear priority setting and scheduling 

EPA concluded in its public testimony that the Draft Policy "would likely yield state 
listing decisions that are inconsistent with state water quality standards and federal listing 
requirements," which "would trigger list disapprovalsby EPA Region 9 and significant additions 
to" the 303(d) list developed pursuant to the Draft Policy. 

EPA recommended in its testimony that the Draft Policy be revised to: 

be consistent with state water quality standards and federal listing requirements, 
improve the weight of evidence approach to define analysisprocedures and clarify use, 
and 
clarify procedures for assessing nutrients, sediment and nuisance conditions. 

As found in Appendix 111, virtually all of these same issues had been raised months ago; 
telling excerpts of these written comments include the following: 

"Several provisions of the draft listing policy appear to conflict with federal listing 
requirements. The methodologywould set extremely stringent thresholds for listing 
based on data quality, data quantity and standards interpretationsrequirements. As a 
result, the Section 303(d) assessment may improperly exclude useful data and 
information from consideration . . . and as a result, miss a significant number of impaired 
and threatened waters." 
"Provisions for excluding from consideration data and information which do not meet the 
State's preferred tests of data quality and representativeness. These elements appear to 
conflict with 40 CFR 130.7(b)." 
"Procedures for assessing exceedances of numeric standards for many pollutants conflict 
with existing water quality standards, most notably toxics." 
"Provisions for alternate data evaluations are unclear. The policy does not define 
assessment methods for evaluating or weighing multiple lines of evidence." 
"No provisions for listing threatened waters. Federal regulations at 40 CFR 130.7(b)and 
130.26) require the identification of waters which do not or are not exoected to meet 
avvlicable water quality standards. " (Emphasis in original.) 

EPA's comments are entitled to significant deference, far more than they have received to 
date. See Arkansas v. Oklahoma,503 U.S. 91, 105-06 (1992) (EPA is entitled to discretion to 
interpret its own regulations and those regulations are entitled to considerable deference); 
NationsBank of North Carolina,N.A. v. VariableAnnuity Life Ins. Co.,513 U.S. 251,256 (1995) 
(quoting Clarke v. Securities Industry Assn., 479 U.S. 388,403-04,759 (1987) ("It is well settled 
that courts should give great weight to any reasonable construction of a regulatory statute 
adopted by the agency charged with the enforcement of that statute"). Courts have consistently 



given deference to EPA's construction of the Clean Water Act. See, e.g.,Arkansas, 503 U.S. at 
105. Importantly, an agency's long-standing interpretation of law or its own power is due 
heightened deference.International Brotherhood of Teamsters, Chauffeurs, Warehousemenand 
Helpers ofAmerica v.Daniel, 439 U.S.551,566 n.20 (1979) ("It is commonplacein our 
jurisprudence that an administrativeagency's consistent, longstandinginterpretation of the statute 
under which it operates is entitled to considerableweight"); Blacveet Tribe of Indians v. Grog, 
729 F.2d 1185,1190, 1191 (9th Cir. 1982);National WildlifeFederation v. Gorsuch,693 F.2d 
156, 16711.31 (D.C. Cir. 1982) (giving great deference to EPA in interpretingNPDES program 
under the Clean Water Act because consistent and contemporaneous application). We strongly 
urge the SWRCB to address hlly EPA's concerns with regard to consistency with water quality 
standards, data inclusion, the weight of evidence approach, nuisance/nutrient/sediment 
guidelines, priority setting and scheduling, and other concerns, through modifications to the 
Draft Policy as described above. 

B. The RWQCBs Remain Opposed to Key Elements of the Draft Policy 

In oral testimony before the SWRCB on January 28,2004 and elsewhere, including 
written comments projected to be submitted to the SWRCBby February 18,2004, the Regional 
Boards' representative listed a number of concerns with the Draft Policy, many of which had 
been raised previously in numerous communications. These include the following concerns: 

Primary reliance on the binomial method would lead to a redefinition of almost all 
state and federal water quality standards. As currently described, the Draft Policy 
would allow those standards not to be attained, but would not require listing. 
This deficiency of the binomial method necessitates the description of an effective 
"weight of evidence" methodology. The current "Alternative Data Evaluation" 
section does not provide an appropriatelyrobust and comprehensivealternative to 
the binomial model. Along these lines, the number of samples for a "weight of 
evidence" approach should not be restricted, as called for in the Draft Policy, 
since multiple lines of evidence can be used to support a listing or delisting 
decision. 
The purpose of the Policy needs to be stated as the attainment of standards in 
surface waters. The Policy should not be limited to attainment of pollutant-based 
standards, since Section 303(d)(l)(A) of the Clean Water Act requires the state to 
identify waters not attaining standard and to account for the severity of 
pollution (not just "pollutants") in priority ranking. 
The analysis in the FED does not provide apparent rationale for the choice of 
alternatives, and so does not appear to be consistent with CEQA requirements. 

The Regional Boards are the entities that will have to implement this policy. Simply put, 
the concerns they raise indicate strongly that the Draft Policy will be unworkable in practice. 
Significant revisions must be made if the Policy is to be credible and implementable. 

XI. THE STATE MUST MOVE FORWARD EXPEDITIOUSLY TO PREVENT 
FURTHER DEGRADATION O F  THE STATE'S WATERS AND CLEAN UP 
THE WATERS THAT ARE DIRTY 

As discussed elsewhere in this letter, the Clean Water Act's TMDL program is a safety 
net that is des imed t o  indiice action on water seements in which water nilalitv ohiectives are not 



being met. As such, water segments should be identified and TMDLs should be developed as 
swiftly as possible. The EPA Integrated Guidance states that "TMDLs should be established 8 to 
13 years from the date of the original waterlpollutantcombination listing."200 This is hardly an 
expedited schedule; but the Draft Policy's provisions are even more relaxed, stating in Section 5 
that low priority TMDLs: ''will be completed in more than 5 years." 

The 2002 303(d) list tables indicate that approximately 800 TMDLs are required in 
California water segments. However, according to the 2002 305(b) report, only 18 have been 
adopted by the SWRCB to date, and only nine completed TMDLs currently await adoptionby 
the SWRCB, OAL or EPA. The lack of adequate monitoring also contributes substantiallyto the 
delay in TMDL implementation. As discussed elsewhere in this letter, monitoring efforts in the 
state of California often do not produce adequate data to comply with the minimum sample size 
requirements the Draft Policy, let alone provide for review of already listed segments and 
development of TMDLs. This delay in implementation of our water quality safety net is 
unjustified and threatens further degradation in the quality of California's waters. We agree with 
EPA that "the description of medium priority in 5 years and low priority after 5 years needs to be 
re~tified,"'~'and that the state's schedule, which lags far behind what is recommended in the 
EPA Integrated Guidance, and should be revised to be at a minimum consistent with the 
Guidance. 

According to Section 5 of the Draft Policy, "[wlaters on the section 303(d) list shall be 
ranked into high, medium, and low categories in order to set priority for development of 
TMDLs." Such ranking is to be based on, among other factors, the severity of the pollution and 
the threat to beneficial uses . The Draft Policy does not provide guidance on which pollution 
sources merit high and medium priority, and states only that waters in the enforceableprograms 
category shall be assigned a low priority. We believe that the Draft Policy should be more 
explicit about the priority assigned to certain categories of pollution. In particular, impairments 
by toxic pollutants should receive elevated priority for TMDL development because toxicity is 
often directly linked to ecological and human health risks. We recommend that the Draft Policy 
be revised to ensure the timely development of toxicity TMDLs, by requiring that these TMDLs 
be assigned at least a medium priority for development. 

We also recommend that the Draft Policy be revised to consider the recommendationsof 
the Legislature on this issue. In the SupplementalReport of the 2001 Budget Act (see Appendix 
IV), the Legislature directed that: 

(c) The SWRCB and the regional boards shall consider, but are not limited to, all the 
following criteria in setting priorities and developing schedules for the long-term strategy 
described in paragraph (a): 

. Water body significance. 

Degree of impairment. 

Potential threat to human health and the environment. 

Water quality benefits of activities ongoing in the watersheds. 

200 2004 Integrated Guidance at 8. 
201 Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24,2003) 
(found in Aooendix 111). 



Potential for beneficial use protection and recovery. 

Degree of public concern. 

Available data and information. 

Available resources. 

. Watershed priority or task schedule on the boards' Watershed Management 
Initiative three-year and five-year work plans. 

Any new or existing court orders and statutory requirements. 

The state should incorporate these elements into its revised Draft Policy in order to comply with 
EPA's recommendationthat the state "provide more thoroughly the decision parameters relevant 
to making prioritizing decisions."202 

Finally, we appreciate the fact that the Draft Policy no longer calls for an automatic 
review of all of the currently-listed waters. A comprehensivereview of every water body on the 
2002 303(d) list would be costly, would not result in a substantial improvement in the accuracy 
of the list, and would cause inordinate additional delay in California's already dilatory 
implementation of the TMDL program. Time is of the essence if we are to reverse the further 
degradation of our limited and dwindling supply of clean water. 



Appendix I: Support for Binomial Method Critique and Equalized -

Error Approach 

The binomial model, as implemented in the FED, is framed in the following way: "given 
that the true exceedance rate is 0.1,90% of samples of size N will contain k or fewer 
exceedances; thus, if we observe k+l or more exceedances, we have cause for concern." The 
problem with this framing is that it assumes that the exceedance rate is both knowable and 
known, and fixes it at 0.1. Since the exceedance rate is what we would like to know, this 
framing puts the cart before the horse. In fact, we don't actually know what the exceedance rate 
is. 

Under the proposed statistical methodology, the null hypothesis is: "the water body has 
an exceedance rate of 0.1, and is not impaired." The Draft Policy proposes to test this hypothesis 
by asking: "assuming that the water body is clean (i.e. that the exceedance rate is 0.1), how many 
dirty samples would I have to see before I could reject the hypothesis that it is clean." A more 
precautionary hypothesis would be: "given that the water body is dirty (i.e. that the exceedance 
rate is greater than 0.1), how many clean samples would I need to see before I would be 90% , 
certain that it wasn't." 

Consequently, the binomial model listing guidance is exceedingly biased in favor of not 
listing or de-listing water bodies. The criterion seems to have been chosen so as to minimize the 
probability of erroneously listing a clean water body as impaired. While this may be a 
reasonable goal, it results in an unreasonably high probability of failing to list water bodies that 
are actually impaired. (This is the old "Type 1-Type 2 error trade-off' from introductory 
statistics class). Fortunately, under the binomial model, both of these probabilities can be 
calculated explicitly (see Attachment A). 

The first step is to acknowledge that the @exceedance rate is unknown, and that it 
could take any value between 0 and 1. Figure 1 illustrates the binomial model for all possible 
exceedance rates. For each possible exceedance rate (that is, along a horizontal line), the 
contours represent the likelihood of observing a specific number of exceedances (out of 100). 
Looking at it a different way, for each vertical line, i.e. observed number of exceedances, the 
contours show the likelihood of the @underlying exceedance rate. In the past, EPA guidance 
has suggested that water bodies with an observed exceedance rate of 0.1 should be listed as 
impaired. Accordingly, above the horizontal line at ~ 0 . 1 ,  the water body should be listed, while 
below that line the water body is considered clean. The vertical line at k=15 is California's 
exceedance threshold for a sample size of 100. This pair of lines divide the figure into four 
regions corresponding to water body status and listing decisions. The orange region represents 
the set of values of k and r that would result in a correct listing of the water body as impaired. 
Similarly, the green region corresponds to correctly identifying a water body as clean. The pink 
region represents the set of values of k and r that will result in a failure to list an impaired water 
body, and the yellow region represents the incorrect listing of a clean water body. 
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Figure 1. Probability contours for the binomial model and the 303(d) listing criteria. Contours 
start from the center at a probability density of 0.1 and decrease outward by orders of magnitude 
(i.e.0.01,0.001, etc. (This figure is an approximation, since the observed number of samples 
must be integer values.) 

As mentioned above, under the binomial model, it is possible to calculate the 
probabilities of both types of errors. This amounts to summing the probabilities under each 
shaded region. This calculation is derived in Attachment A, and the probabilities associated with 
each of the FED listing thresholds are set forth in Table 1. The table shows that the probability 
of failing to list an impaired water body using the' binomial criterion is typically around 80 - but 
sometimes as much as 362 - times the probability of listing a clean water body. 



Place on Probability 
303(d) list if Probability of failing to 
at least this of listing a list 

Sample number of clean water impaired Willingness 
Size exceedances body water body to Err Ratio 

3 0.002 0.175 89 

4 0.001 0.208 3 62 

5 0.001 0.151 213 

6 0.001 0.123 169 

7 0.001 0.107 153 

8 0.001 0.091 122 

9 0.001 0.084 124 

10 0.001 0.076 111 

11 0.001 0.070 102 

12 0.001 0.065 97 

13 0.001 0.061 93 

14 0.001 0.056 8 1 

15 0.001 0.054 8 1 

16 0.001 0.052 8 1 

m.Probabilities of making listing errors under the proposed statistical methodology. The 
probabilities are derived in Attachment A. 

An alternative would be a methodology for which the probability of making each type of 
error is equal. This methodology, derived in Attachment B, would simply require listing a water 
body as impaired if the number of observed exceedances is greater than 0.05 ( 1 + ~ ) . " ~  

203 EPA currentlv recommends a 0.05 exceedence rate for conventional ~ollutants.Icite.1 



Attachment A: Error Probabilities Under the Binomial Model 

The binomial model gives the probability of observing k exceedances given that there are 
N total samples and the true exceedance rate is r. In slightly more formal notation, the binomial 
model gives: 

(:) where 
N! 

= 
k!(N- k)!' 

To obtain Figure 1, we need the probability that the true exceedance rate is r and that we have 
observed k exceedances given N samples, or P(k, r 1 N). If we know, apriori that the probability 
density for r is p(r), then from standard rules for conditional probabilities, P(k, r I N) = P(k I 
r,N)p(r). Of course, we do not know p(r). For our purposes, we assume that in the absence of 
any information to the contrary that all possible values of r in the interval [0, 11 are equally likely 
(i.e. p(r) = 1). 

To find the probability of failing to list a water body when the true exceedance rate is 
greater than 0.1, we need to integrate P(k, r I N) over the red region in Figure 1. That is, using 
kli,, as the cutoff value given in the FED, we want: 

The integral with respect to r can be evaluated analytically using the Beta and Incomplete Beta 
functionszo4where: 

I 

B(k+l ,N-k+ l )=  Irk( l - r )N-kdr  
0 

and 

So the probability of failing to list an impaired water body is given by: 

In a similar way, we can calculate the probability of incorrectly listing a clean water body 
as impaired, which is formally given by: 



P(k tklist, r 5 0.11 N) = O/(:)rk(l-r)~-kdr 
k=kli. 0 

These probabilities have been evaluated for several of the sample sizes in the FED, and listed in 
Table 1.  



Attachment B: An "Equalized Error" Listing Criterion. 

Having derived the probability of incorrectly listing a clean water body as impaired and 
the probability of failing to list a clean water body in Appendix 1, here we derive a listing 
criterion for which the probability of making each error is equal. It should be noted that the 
assumed exceedance rate for this criterion is 0.05, while the assumed exceedance rate for the 
listing factors and the error probability calculation above was 0.1. Although EPA formerly 
recommended the use of a 0.1 exceedance rate "rule of thumb," it currently recommends the use 
of a 0.05 exceedance rate for conventional pollutants. To obtain the equal error listing criterion, 
we setP(k <k,, ,r > 0.05 1 N) = P(k 2k,, ,r 10.05 1 N). Substituting Equations A1 and A4 this 
criterion is: 

Using the fact that the left hand integral from 0.05 to 1 is equal to the difference between an 
integral from 0 to 1 and from 0 to 0.05, we have: 

Moving the second integral on the left to the right hand side gives: 

Note that both integrals on the right hand side are over the same interval of r. Consequently the 
sums on the right may be combined to give: 

The next step involves changing the order of integration and summation. We can then observe 
that the term in the sum is just the binomial distribution. Since the binomial distribution must 
sum to 1, we have a constant integral with respect to r: 

Simplifying the left hand side, note that the integral is the Beta function. So we have: 



A pair of identities are helpful here. The first is a relation between the Beta function and the 
amm ma^^^: 

and the second is that between the Gamma function and factorials for integer argumentszo6: 

T (k+l) = k! 

Using these identities, we can eliminate the Beta fUnction above to get: 

kli[ -I . N! ) (k ! (~ -k ) ! )  ;0.05 

k!(N -k)! (N + I)! 

which, after canceling the factorials, reduces to: 

Note that the N+l is constant and can be factored out of the sum, so that: 

The sum of 1 from 0 to kliSt-1 is equal to k~i,,, so that we arrive finally at the equal error listing 
criterion: 

That is, in order to have equal probability of making either type of error, the water body should 
be listed as impaired if the observed number of exceedances is greater than or equal to 5% of the 
total sample size plus 1. 

If the EPA guidance were to recommend some other exceedance rule-of-thumb, say a, 
the derivation would remain valid and the equal error listing criterion would be: 

'05  See Abramowitz and Stegun at 258. 
""d at 255. 



Appendix 11: Support for Reverse Null Approach 


For the reverse null hypothesis, we calculated the critical number (bhJof clean samples out of a 
total of N samples needed to reject the hypothesis that the clean sample rate was 0.9 with 90% 
confidence (i.d the exceedancerate was 0r1) . ' 

We used the methodology applied in the FED to obtain the de-listing criteria, i.e.kdegst=hritf1 . 
Consequently, we must observe N-kdelist or fewer exceedances to reject the hypothesis that the 
water body is impaired. 



Appendix 111: Letter from David Smith and Peter Kozelka, U.S. 

EPA Region IX to Craig J. Wilson, SWRCB (June 24,2003) 




Email sent June 24,2003 

Dear Craig J. Wilson 

We have received and reviewed the draft Water Quality Control Policy regarding 
guidance for assessing surface waters in California. EPA is responsible for reviewing and acting 
upon State 303(d) listing decisions, which will be based on an assessment methodology. In 
anticipation of the next listing submission in 2004, we have conducted an evaluation to 
determine whether the draft listing policy is likely to result in listing decisions, which are 
consistent with the Clean Water Act and associated federal regulatory requirements. 

SWRCB has clearly devoted substantial effort in developing the draft listing policy and we 
understand that it is difficult to produce language that addressed both the requirements of 
California Water Code and the federal Clean Water Act. We support your objective of 
improving the quality of data supporting listing decisions and believe you have identified several 
effective mechanisms for obtaining this objective. We recognize the State's efforts to evaluate 
all data types (water, sediment, tissue, bioassessment, etc.). We also advocate the State's desires 
for interpretation of narrative WQOs via some numeric guideline during the assessment process. 
We appreciate your staffs effort to solicit input from EPA during the initial phase of policy 
development. 

Several provisions of the draft listing policy appear to conflict with federal listing requirements. 
The methodology would set extremely stringent thresholds for listing based on data quality, data 
quantity and standards interpretation requirements. As a result, the Section 303(d) listing 
assessment may improperly exclude useful data and information from consideration by RWQCB 
and SWRCB staff, and as a result, miss a significant number of impaired and threatened waters. 

Whereas, EPA does not explicitly approve or disapprove state listing methodologies under 
currently applicable federal regulations, we are required to approve or disapprove the state list 
submissions based on the State's selected assessment methodology. 

This letter identifies the draft policy provisions that conflict with federal listing requirements and 
other provisions that appear inconsistent with sound environmental science practices or are 
unclear. Where possible this letter also identifies potential approaches to reconcile 
inconsistencies between the draft listing policy and the Clean Water Act requirements and 
associated federal regulations. 

Key Concerns about the draft Listing Policy 

Several listing provisions either appear to conflict with federal listing requirements, are too 
vague to enable us to adequately evaluate their consistency with federal requirements, or have 
not been supported by an adequate technical rationale. EPA is most concerned about these 
aspects of the draft listing policy, which are discussed in greater detail in the following sections: 

v 

--data quality and representativeness requirements, 

--statistical methods for analyzing data sets for certain pollutant types, 

--procedures for assessing exceedances of numeric water quaIity objectives, 

--alternate data evaluation provisions, 

--sections providing exemptions and exclusions from listing. including natural sources 




--provisions for assessing and listing threatened waters, 
--de-listing provisions 

Inconsistencies With Federal Requirements 

We have attempted to clearly identify elements of the policy that conflict with federal statutory 
or regulatory requirements. As discussed above, it is somewhat difficult to provide a definitive 
list of these elements because it is not clear how certain uolicv elements will actuallv be 
interpreted and applied by SWRCB and RWQCB staff. 'Bas& on our review o f t h e b o ~ i c ~ ,  the 
elements that appear to be inconsistent with federal requirements include: 

1. Provisions for excluding from consideration data and information that do not meet the State's 
preferred tests of data quality and representativeness. These elements appear to conflict with 40 
CFR 130.7(b), which requires the state to gather and consider g&l existing and readily available 
data and information in the listing process. Moreover, the rule and accompanying preamble do 
not provide a sufficient rationale for a decision to exclude data and information from 
consideration,as required by 40 CFR 130.7@)(6). 

2. Procedures for assessing exceedances of numeric standards for many pollutants conflict with 
existing water quality standards, most notably toxics. Some procedures, such as a 10% 
allowable exceedance rate for many pollutant types, appear to be less stringent than existing state 
standards and federal regulatory requirements without providing a sufficient technical or legal 
rationale for their inclusion. 

3. Provisions for alternate data evaluations are unclear. The policy does not define assessment 
methods for evaluating or weighing multiple lines of evidence. 

4. No provisions for listing threatened waters. Federal regulations at 40 CFR 130.7@) and 
130.2(i) require the identification of waters which do not or are not expected to meet applicable 
water aualitv standards. As described in EPA's August, 1997 listing guidance, States are 
expected to assess potentially threatened waters and to list waters which are expected to exceed 
applicable standards during the following 2-year period. The proposed listing policy appears to 
make a provision for assessment of water quality trends or other data and information and it 
could be construed this trends analysis could support a finding that a water body is threatened; 
however the policy is not clear. 

5. No descriution of technical rationales for statistical assessment methods. Although there are " 
snippets of discussion regarding the binomial approach, primarily provided via footnotes, the 
draft policy does not provide a complete description of the scientific or legal rationales 
supportingmany proposed listing criteria. ~ederal  regulations at 40 ~ ~ ~ 1 3 0 . 7 ( b ) ( 6 )  require the 
state to submit its listing methodology with its list and to provide good cause for decisions not to 
list individual water bodies. 

Data Quality, Quantity and Representativeness 

The draft listing policy states a QAPP is required for "high quality" data to be considered for 
listing impaired waters. Other data will be considered only in combination with "high quality 
data"; however other data cannot be used by itself. This is simply too restrictive and does not fit 
with federal regulations stating that States will consider all readily available information. The 
policy needs to be modified to explain how all relevant data sets will be included in the 



assessment process. For example, we see no legal rationale to exclude data generated by 
academic or citizen monitoring groups, who have adequate training in sample collection and 
utilized reliable laboratories with sufficient QAJQC and yet they have not completed a QAPP. 

These provisions do not provide a "good cause" rationale for excluding data and information 
from consideration (see 40 CFR 130.7(b)). These regulatory provisions create a rebuttable 
presumption that all readily available data and information will be used in the assessment 
process. A great deal of useful data from STORET, academic and agency reports, and volunteer 
monitoring groups would appear to be excluded from consideration under the proposed rule, an 
outcome which appears inconsistent with the federal requirements. 

The policy has listed major monitoring programs in California considered to be of high quality. 
We recommend the State include all EPA monitoring data (not just EMAP) as well as these 
federal agencies as part of the listed high quality sampling programs: US Fish and Wildlife 
Service, US Department of Agriculture, US Army Corps of Engineers, and National Oceanic and 
Atmospheric Administration. 

The draft listing policy seems to have established a minimum sample size (water = 20 samples; 
tissue and sediments = 10) and while small data sets may be assessed, in general these smaller 
data must reach higher exceedances than the binomial approach defines for smaller data sets. 
The policy appears to allow assessments of smaller data sets on case-by-case basis, but this is not 
clear, nor explicitly stated. The policy must include some science-based rationale for the 
suggested minimum number of samples and sampling events needed to cany out an assessment. 

In section 7.2.5, the draft policy states "information that is estimated, modeled or projected shall 
not be used for listing or de-listing decisions." There is no technical rationale provided for this 
exclusion, and as stated, we find it inconsistent with federal guidance that water quality modeling 
is a viable method of listing or de-listing. Moreover, federal regulations require the 
consideration of information from dilution or predictive models in the assessment process (40 
CFR 130.7(b)(5)(ii)). From a practical standpoint, this type of information is often useful. If we 
read the draft policy correctly, the State's decision not to list Santa Clara and San Gabriel Rivers 
for ammonia based on estimates of the future effectiveness of treatment plant upgrades would 
not be consistent with the new policy. 

Statistical methods 

We are concerned the proposed approach to assessing numeric water quality standards or 
objectives may be unreasonably stringent and will likely result in missing too many waters which 
are very likely to be impaired or threatened. 

The listing policy relies on the binomial approach to guide the state's assessment methodologies. 
There is no comprehensive explanation of the binomial approach and the underlying decisions 
utilized by the state to determine relevance with current water quality standards. Instead the 
policy uses footnotes to provide some background information and relies on the notion that other 
states have already adopted the binomial parameters and therefore they are acceptable. For 
example, the policy discusses the null hypothesis yet it does not clearly define the state's 
definition of the null hypothesis for listing waters. This is especially critical for the de-listing 
section of the policy. 



For many pollutant types (toxics, conventionals, bacteria, tissues, etc), the policy proposes the 
State will list waters in cases where there was greater than 90% statistical confidence that a 
numeric standard has been exceeded at least 10% of the time (i.e., the binomial approach). The 
policy refers to EPA guidance to defend its decision criteria, most specifically a 10% allowable 
exceedance level, and yet this is based on an incorrect reading of EPA guidance concerning 
allowable water quality exceedance rates. The assertion that EPA endorses the use of a 10% 
standards exceedance rate is incorrect. The EPA 305(b) guidance (1997) refers to the 10% 
exceedance rate as a method for assessing data sample sets-- not as an acceptable exceedance 
rate in the "population". The use of this exceedance rate in a binomial assessment method has 
not been shown to be protective of water quality nor consistent with water quality standards 
requirements. It is likely that use of this exceedance rate will increase the number of water 
bodies that do not meet water quality standards that are missed in the listing decision. Moreover, 
use of a 10% exceedance rate test has never been acceptable for toxic pollutants where aquatic 
life uses are at issue. 

The proposed policy applies the binomial approach to certain sized data sets, and then for smaller 
data sets it defines arbitrary number of required exceedance frequencies. For example, some 
water parameters are evaluated via the binomial approach for n >20 and refers to Table 4.2 for 
the maximum allowable number of exceedances. For smaller sample sets, n<20, only if 5 or 
more exceedances have been observed will the water body be deemed impaired. Again there is 
no technical rationale for this decision. Moreover it does not follow with the binomial approach 
for smaller data sets. As stated above, we recommend the State evaluate smaller data sets and if 
the State opts to use the binomial approach with 90% confidence and 10% allowable 
exceedances then extend the decision procedures to include those presented in the table below. 

Sample Size At least this # of 
exceedances 

4 - 5  2 
6 - 11 3 
12-18 4 
19-25 5 

We agree that when applying a binomial statistical approach, the State should analyze data sets 
to ensure that key assumptions concerning the data set are met with respect to the shape and 
normality of the distribution, the representativeness of the data set of underlying water quality, 
and the presence of bias, serial correlation, or autocorrelation in the data sets. We expect that the 
State will document its analysis that shows these assumptions are met to a reasonable degree. 
Not all data sets must meet every assumption completely, but the State should discuss potential 
errors associated with application of binomial analysis methods to data sets that do not meet one 
or more key assumptions. We want to stress that the data should be assessed through another 
assessment method if the assumptions necessary to carry out a binomial assessment are not met. 

EPA expects the next version of the policy to provide a more complete discussion in the 
preamble or appendix. This discussion should outline the State's assumptions and defense for 
using the binomial approach and each of the critical decisions regarding how the exceedance and 
confidence levels correspond to the existing water quality standards or objectives. EPA 
recommends criteria development approaches to assess a 95% compliance rate for conventional 
pollutants and a more stringent compliance rate for toxic pollutants of at least 99%, in the 
context of a binomial assessment method. 



Foremost, the proposed binomial approach as applied to toxic pollutants in water does not meet 
federal requirements for assessing impairment associated with aquatic life use. The policy refers 
to the ~alifomia Toxics Rule (CTR) as the applicable water quality standard and we concur. 
However, we need to emphasize that CTR contains explicit recurrence intervals for these 
numeric standards for protection of aquatic life, namely not to be exceeded more than once in 
every three year period (CTR rule). The proposed policy must be modified to be consistent with 
EPA water standards that apply in California. Once modified then the policy will be consistent 
with EPA guidance (1997) for protection of aquatic life use (for toxics) where greater than 1 
exceedance in 3 yrs, regardless of sample size. We recommend use of a simpler decision 
criterion for toxic pollutants to protect aquatic life that would result in listing waters where 2 or 
more samples exceed the WQS in any 3 year period. 

Conventionals 

For conventional pollutants, the proposed policy discusses EPA's 305(b) guidance as part of its 
rationale for using an allowable 10% exceedance rate. We want to clarify that EPA's guidance 
has suggested the use of a 10% sample exceedance rate only to assess sample sets to characterize 
the underlying water quality conditions with respect to conventional pollutants, only if it remains 
consistent with descriptions arovided in the applicable water aualitv standard or obiective 
(emphasis added). EPA's 305(b) and CALM guidance suggested an impairment finding in cases 
where 10% of data points exceed the standards for conventional pollutants, in part to reflect the 
expected recovery time associated with aquatic exposures to conventional pollutants as well as 
the expected sampling error issues and prospects for type 1 error. Because the binomial 
approach already accounts for and directly manages uncertainty associated with assessments 
based on small sample sizes, including type 1 error in particular, it would be inappropriate to 
apply the 10% exceedance rate directly within the context of a binomial assessment approach. 
To use a 10% test in a binomial assessment context would, in essence, result in "double 
counting" of allowances intended to limit type 1 error. 

EPA's guidance are intended to provide guidance concerning the assessment of limited sample 
sets for purposes of making assessment determinations-they are not intended to provide EPA's 
interpretation of the actual acceptable rate of WQS exceedances in receiving waters. Further 
EPA has not approved of any State's assessment methodology of using 10% exceedance cutoffs 
within a binomial assessment context as acceptable interoretation of the state's water aualitv 
standards or objectives unless it is expressed clearly within the applicable standard (e.g., in cases 
where the underlying WQS is expressed as a 90th percentile or where the standards state that the 
values are not to be exceeded more than 10% of the time. 

Bacteria 

There is no discussion as to why this 10% allowable exceedance rate applies to bacteria in. Such 
an explanation is needed, especially since it appears to conflict with the State's current two-
number water quality standards or objectives which have both an instantaneous maximum as 
well as specific data requirements and time-averaged evaluation. 

Health Advisories 



The policy should clearly state that issuance of public health advisory (based on local data) will 
automatically get the water body listed for the appropriatepollutant(s); this is a federal 
requirement. If the policy continues to define using MTRLs for protecting human health 
consumption, then we suggest more clear language to define which data value (individual 
sample, arithmetic mean or geometric mean) will be used in the part of the assessment process. 
The current description of using MTRL value via the 10%exceedancewith 90%confidence does 
not make sense. EPA guidance recommends use of harmonic mean values to implement human 
health protection standards. 

Additional responses to specific parts of section 4.2 

Bacteria For bacteria measurements collected only during the dry weather season 
and 4%exceedance level, we recognize this has been agreed within the Beach Water 
Quality Workgroup and applied to southern Californiabeaches, however it should be 
clearly stated if this applies ekewhere. 

Tissue bioaccumulation We concur with added information that tissues results from 
muscle or whole body will be used but kidney or liver tissue alone is not suitable measure. 

Toxicity We concur a water segment maybe listed for toxicity alone although we 
prefer to ID pollutant(s). 

Nuisance Clarify reference to 4.2.1 for toxics, when discussing nutrient-related 
impairment. We suspect it should be 4.2.2 for conventionalpollutants, whereby we 
recommend modifications consistent with conventionals above. 

We find an apparent disconnect in sections 4.2.4,4.2.5,4.2.6of the policy where it 
neglects to interpret sample sizes between 10 and 20. 

Degradedpopulations and communities confusing language, why is author using 
"stations" when all previous discussion is related to "samples" 

Alternate data evaluations 

The listing policy includes provisions for listing waters based on alternate data evaluation and we 
support this general concept of multiple lines of evidence to determine impairment. While it is 
not clear, we presume this applies to all data types, water, sediment, tissue, toxicity, biological 
response, etc. We are concerned that the draft policy currently states "the measurements can be 
analyzed using a scientificallydefensible procedure that provides an equivalent level of 
confidence as the listing factors in section 4.2." This seems to require any and all data must have 
90%confidence level to be used in assessing impaired waters, which is inconsistent with the 
concept of a weight of evidence approach. Also, it is unclear if sample magnitude can be 
sufficientlyinfluential to cause listing the water body based on sediment andlor tissue results. 
More clear language is requested. 

Exemptions and exclusions 

As previously stated, several sections of the proposed rule appear to exclude particular kinds of 
data and information from consideration in the assessment process. The State would be required 



to show good cause why any existing and readily available data and information is excluded 
from consideration. In addition, as discussed above, we are concerned that data that does not 
meet every quality assurance or representativeness test and information concerning narrative 
standards exceedances appears to be excluded from consideration. 

The draft policy makes several references that water body impairment due to natural sources will 
be exempt from inclusion on the 303(d) list. We request more comprehensive discussion as to 
which water quality standards have included this of exclusion due to natural sources. 
If no such exclusion is explicitly stated in the specific water quality standard then federal 
requirements will require the water segment to be included on the 303(d) list. If the State finds 
exclusion is implied in the specific standard then we urge the State to present its interpretation of 
the standard and include it into the listing policy. EPA will review this on a case-by-case basis 
for each standard. 

Listing of threatened waters 

The proposed policy provides no clear provisions for assessing and listing threatened waters. 
Pursuant to the requirements of 40 CFR 130.7, as interpreted in our 1991 and 1997 guidance 
documents, EPA expects each state to describe how it will assess whether waters which currently 
attain standards will likely fall out of attainment during the next listing cycle. The proposed 
policy makes reference to the use of certain types of data for trend analysis purposes, but does 
not actually describe how or if such data analysis will interpreted as threatened. We expect the 
listing policy to clearly show how the requirement to consider threatened waters was addressed. 

De-listing provisions 

For de-listing waters from the 303(d) list, the proposed policy appears to utilize the same 
statistical approach and underlying assumptions (fewer than 10% exceedances with 90% 
confidence level) as described in the listing methodology. We expect the state to provide more 
thorough description of the binomial approach as it applies to de-listing which has a different 
null hypothesis and therefore it requires larger sample sets with fewer exceedances. Such an 
explanation is required to adequately define how Table 5.1 applies to already listed water bodies. 
Also, these assumvtions will need to be re-visited to be consistent with EPA's exvectations. 
That is, we may not agree with the underlying assumptions within each data type'since it may not 
be consistent with the applicable water quality standards (see data type sub-sections in comments 
on Statistical ~ethods) :  

Need to show good cause for state decisions for removals/de-listings.. . . .... 

Other Questions and Concerns 

Temperature based listings 

Regarding historic stream temperatures, EPA encourages the State to please clarify that 
comparisons to one-time hand-held measurements would rarely be considered sufficient 
evidence to list. (We want to avoid the public from wasting time on this type of information.) 
Other modifications could include additional narrative discussion on what may be considered 
"natural conditions" by Regional Board staff. This emphasis may possibly assist RWQCB staff 



1 with little experience on temperature monitoring and modeling in evaluating temperature 
monitoring data. 

EPA also encourages the State to consider defining cold water "adverse" temperatures more 
specifically, given the large amount of background information available synthesizing the 
literature from Oregon and EPA R10. The State should also consider doing this in the context of 
expected "natural stream temperatures." It is hoped that greater specificity in this area would, 
possibly, avoid unnecessary listings. 

For example, EPA R10 Guidance for Temperature water quality standards suggests the 
following: 

1. 	 Salmon and trout "core" juvenile rearing (of the 7 day average of the maximum daily 
temperature, for areas that are mid- to upper reaches .... 

2. 	 Salmon & trout migration plus "non-core" juvenile rearing 
3. 	 The R10 numbers may not be entirely relevant for California, given our different methods 

of calculating the relevant MWAT 
4. 	 Salmon & Trout migration with refugia 

Scheduling considerations 

The draft policy currently has some information pertinent to the State's proposed process for 
prioritizing and scheduling TMDLs. We concur with the policy that high priority TMDLs will 
be developed within two years; however the description of medium priority in 5 years and low 
priority after 5 years needs to be rectified. EPA's 1997 guidance calls for states to provide 
schedules for completing all TMDLs within 8-13 years of their initial listing date, or the 1998 
listing date, whichever is later. 

The State could provide more thoroughly the decision parameters relevant to making prioritizing 
decisions. Some of the more pertinent factors might be: degree of threat to human health, 
aquatic life or wildlife, timeframe for NPDES permit revisions, unique water bodies, presence of 
threatened and endangered species, significant public interest and support of TMDL, important 
recreation and economic significance of water body, number of water quality standards 
exceedances per water body or number of unmet designated beneficial uses. 

Clarification of Integrated Report language 

The draft policy describes California's Integrated Report and makes several references to EPA's 
Integrated Report. At least two revisions should be made. First, the policy should provide some 
correlation between the State's categories and how they relate to EPA's five categories. Perhaps 
this is best provided in an appendix, however, this information should be readily apparent to all 
readers. Second and more important, the policy currently has an inaccurate statement at the 
bottom of page 1. Per EPA policy (Sutfin memo 2001), the Integrated Water Quality Report is 
an assessment of all waters in the states, not "only the most serious water quality standard 
exceedances." 



Quantitation of Chemical concentrations 

The proposed policy presently states if the quantitation limit QL is above WQS then the datum is 
disregarded. We hope the State will take into consideration as to how this could reward people 
who supply bad data, i.e., results with higher than desirable MDLs. Some consideration should 
be included to promote better laboratory methods or enhance analytical techniques to ensure 
MDLs are below the applicable water quality standard or objective to facilitate SWRCB and 
RWQCB staff assessment of water body condition. 

Data Records Retention 

Based on the current language in the policy, it is unclear as to who, RWQCB or SWRCB, is 
responsible for retaining data records and related information supporting the fact sheets that are 
summary of assessment decisions? 

LX. Conclusion 

EPA has identified several policy provisions that are inconsistent with federal listing 
requirements. The provisions dealing with data quality expectations, use of a binomial method 
and 10% cutoff both for toxics and conventional pollutants, use of minimum sample sizes, and 
unclear provisions for using unconventional data and implementing narrative standards all have 
the potential to result in list disapprovals. We look forward to discussing these initial rough 
comments in greater detail. Please call us to set up some time to discuss. Thanks again for the 
opportunity to comment. 

Sincerely, 

David Smith 

Peter Kozelka 
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Appendix IV: SUPPLEMENTAL REPORT OF THE 2001 

BUDGET ACT 


2001-02 FISCAL YEARz0' 


CONTAINING STATEMENTS OF INTENT OR REQUESTS FOR STUDIES 

ADOPTED BY THE LEGISLATURE 


Compiled by the Legislative Analyst's Office 

Item 3940-001-0001--State Water Resources Control Board 

I. Total Maximum Daily Load Program. 

(a) On or before January 10,2002, the State Water Resources Control Board (SWRCB) 
shall prepare and submit to the Legislature a long-term strategy to achieve water quality 
standards in impaired water bodies, consistent with the Total Maximum Daily Load 
(TMDL) program pursuant to Section 303(d) of the federal Clean Water Act. The 
strategy should address the completion, prior to the 2013 date for completion, of all 
currently required TMDL analyses and implementation plans. Completion of TMDLs 
shall include their incorporation into basin plans. This strategy sh'all include, but is not 
limited to, all of the following: 

(i) 	 A five-year schedule that identifies specific TMDLs to be completed and their 
expected completion dates, and major activities to be completed. 

(ii) A long-term schedule, not to extend beyond the 2013 date for completion, which 
schedules the completion of all TMDLs on the 1998 list pursuant to Section 303(d) 
of the federal Clean Water Act. 

(iii) 	 A description of the existing resources used to address TMDL requirements, 
organized by fund source and department. 

(iv) 	 An estimate of the resources needed to adhere to the long-term schedule and 
achieve the 2013 date for completion. 

(v) 	 Identification of any shortfalls between existing resources and estimated resource 
needs to achieve the 2013 date for completion. 

(vi) 	 Proposed fund sources to address identified shortfalls. 

(vii) 	 Identification of technical assistance needs of the regional boards and a strategy 
for addressing these needs. 

(viii) A schedule to develop policies to guide the regional boards in developing and 
implementing TMDLs including, but not limited to, cost estimates to develop the 
policies. The schedule for policy development shall include consideration of a 



methodology to allocate responsibility for reducing pollution among the various 
sources that contribute to the impairment of a water body. 

(b) The report required on or before November 30,2002 by Section 13191 of the Water 
Code shall include information on the progress of SWRCB in adhering to the long-term 
schedule for TMDL completion described in paragraph (a). The annual reports required 
by Section 13191 shall also include information on the status of implementing the 
organizational improvementsrecommended by the public advisory group formed 
pursuant to Section 13191. 

(c) The SWRCB and the regional boards shall consider, but are npt limited to, all the 
following criteria in setting priorities and developing schedules for the long-term strategy 
described in paragraph (a): 

Water body significance. 

Degree of impairment. 

Potential threat to human health and the environment. 

Water quality benefits of activities ongoing in the watersheds. 

Potential for beneficial use protection and recovery. 

Degree of public concern. 

Available data and information. 

Available resources. 

Watershed priority or task schedule on the boards' Watershed Management 
Initiative three-year and five-year work plans. 

Any new or existing court orders and statutory requirements. 

(d) A regional board shall consider the criteria listed in paragraph (c) when revising the 
Watershed Management Initiative work plans, and the state board shall incorporate the 
criteria into a guidance document for the regional boards regarding TMDL work plan 
development. Each criterion shall be given the appropriate weight warranted by the 
specific conditions of the impaired water in question, as determined by SWRCB or a 
regional board, as appropriate. 

(e) On or before January 1,2003, SWRCB shall develop a policy to establish criteria for the 
listing and delisting of impaired water bodies pursuant to Section 303(d) of the federal 
Clean Water Act. The policy shall include a "weight of evidence" approach and shall 
include criteria that ensure that the data and information used for identification and 
listing of impaired water bodies are accurate and verifiable. 

(0The SWRCB shall develop a master contract or contracts for work related to the 
development and implementationof the TMDL program and TMDLs. The master 
contract or contracts shall address the regional boards' need for technical expertise 
necessary to complete TMDLs in an effective and timely manner. 
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EXPERIENCE 

2001- present Heal the Bay Santa Monica, CA 
StaffSchkt 

a Developing a watershed assessment program and StreamHealth Index for the Malibu 
Oeek watershed, including land use effects, impervious surfaces analysis and long-term 
trend monitoring. 
Directing an extensive research and monitoring program in Malibu Creek watershed, 
including: 

m monthlywater chemistryand algae assessments; 
semi-annualsurveys of freshwaterperiphyon and benthic macroinvertebratesto 
determine impacts of nutrients, riparian vegetation and sediment depositions on aquatic 
biota;.statisticaland GIs-baseddata analysis and report writing. 
Prepared and submitted data for 303d listing and reviewed and commented on 
California's 303d listing policies. 
Analysed and commented on TMDLs for Malibu Creek (nutrients and algae),LA River 
(nitrogen),Santa ClamRiver (nitrogen) and others. 

m Administered grants and wrote grant repow and new grant applications. 
a Supervised staff and eight part-time contractors in field and office work 

Advised stakeholdergroups and other entities conductingstudies on aquatic system for 
scientificor regulatorypurposes. 
Presented technical informationat public hearings before the LA Regional Water Q d t y  
Control Board, the California CoastalCommission, Ventura CountySupervisors, the LA 
GtyCouncil and others. 

m Published articles for technicaland non-technical audiences. Provided technical, legal 
and policprelated comments on TMDLs, NPDES permits, EIRs and other documents, 
and provided technical expertiseto the press and public on controversialwater-related 
environmental issues. 

200-2001 LA Regional Water QualityControlBoard Los Angeles, CA 
E n r i d  S@kt 

Developed key water qualityregulations (Total MaximumDailyLoads). 
m Compiled water qualitydata for Los Angeles and Ventura regions. 
m Reviewed and commented on CEQAdocuments related to aquatic ecosystem. 

1996-1998 Environment Canada 
HaLiiizt Bidonist - Permittiirw Section 

Burlington, ON 

- -
m A n a l ~ dconstruction plans, determined environmentalimpacts of projects on aquatic 

ecosFtem, negotiated mitigation and compensation works, developed monitoring 
~lansand authorized oroiects. 
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2003 Universityof California Los Angeles, CA 
Doctorate of EnvironmentalScience and Engineering 
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1996 Universityof New B m w i c k  Fredericton, NB 
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RESEARCH AND TEACHING 

1999-2001 Universityof California Los Angeles, CA 
Research assistantfor EMAP data collection in Calleguas and'Sespe O-eeks. 

m Lead researcher studyingimpacts of ambient pesticides on acetylcholinesterase activity 
in Giladin Calleguas Creek, including studydesign, fish collection and laboratory 
analyses. 

1994-1996 Universityof New Brunswick Fredericton,NB.Research assistant: freshwater and marine fish collection,laboratorystudies of zinc 
toxicityto fish, labrearing of invertebrates. 
Teaching assistant for Biology, Invertebrate Zoology,Parasitology. 
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m Southern California Chapter of the Societyof EnvironmentalToxicologyand 
ChemistryAnnual Meeting,July 2003. "Periphyton, Nutrients and Canopyin Malibu 
Geek, California." .Societyof EnvironmentalToxicologyand ChemistryAnnual Meeting poster 
presentation, November 2002. "Watershed Management Through Otizen Monitoring: 
A New 303(d) Listing and TMDL Requirement for Malibu Creek, California." 

m American Fisheries SocietyCalifornia-Nevada Chapter, Apd 2002. "Bioassessment in 
Malibu Creek Using Benthic Macroinvertebrates." 
Southern California Chapter of the Societyof EnvironmentalToxicologyand 
ChemistryAnnual Meeting, Invited Speaker,July 2001. "Technical and PolicyIssues of 
the 303d Listing Process." 
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presentation, November 2000. "Acetylcholinesterase Inhibition in Arrop Chub (GzLz 
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EDUCATION 

D. Env., Environmental Science and Engineering,UCLA, Los Angeles. 2003 
M.S., Environmental Engineering, USC, Los Angeles. 1993 
B.S., Fluid and Thermal Engineering, Case Western Reserve University, Cleveland OH. 1989 

EXPERIENCE 

Staff Scientist 
Heal the Bay, Santa Monica, California 

Staff scientist at regional non-profit advocacy group representing over 10,000 members. 

Advocate local, regional, state and federal agencies on water quality issues by developing 
technical analysis, written comments and testimony on: 

Proposed local and state water quality and pollution control regulations, plans, policies, 
Major NPDES permits (Individual, Stormwater, and General) 
EISlEIRs for large coastal projects 

Key Projects: 
a Advocate for Recreational Beach Water Quality: active participate in the State's Beach 

Water Quality Work Group, various EPA-lead technical stakeholder groups, and ad hoc 
SWCCRP-facilitated rapid indicator working group. Review and comment on Clean 
Beach Initiative projects, EPA guidance documents, and bacteria TMDLs. 
Analyze and evaluate TMDLs developed for Region IV 
Directed research for the Fecal Bacteria Storm Drain Plume Dispersion Study in 
partnership with SWCRRP and the LosAngeles RWQCB 
Advocate for Contaminated Sediments: active participate in the Los Angeles Region's 
Contaminated Sediment Task Force, review and comment on Port and ACE dredging 
projects including extent determination,monitoring, and disposal. 
Active participate on various technical stakeholder groups 
Present technical information at public hearings before the LA Regional Water Quality 
Control Board, the California Coastal Commission, Ventura County Supervisors,the LA 
City Council and others. 

Graduate Researcher (1997-1998) 
Environmental Science and Engineering, School of Public Health 
University of California, Los Angeles 

Investigated the uncertainty associated with the hazard quotient methodology used in screening-
level ecological risk assessments completed for contaminated sites in California for the 
Department of Toxic SubstancesControl and the various branches of the U.S. military. 



Environmental Engineer 
Estate of Albert Levinson, El Segundo, California 

Engineer for a team responsible for the operation and long-term liquidation of multi-million 
dollar industrial facilities estate. 

Key Responsibility 
Daily Regulatory Compliance for an independent Oil Exploration Company and a 

Grey-Iron Foundry 
Responsible for all aspects of environmentregulation compliance including 
federal, state, and local air, wastewater, stormwater, and hazardous waste 
requirements. 
Directed Industrial Site Remediation at multiple industrial facilities for real estate 

transactions.. Investigationof seven former aerospace and three oil and gas 
facilities 
Phase I1 site assessment of a former organic iodide facility. Facility closure and remediation of a grey-iron foundry.. Bioremediation and vapor extraction at 80-acre oil field 

Project Engineer 
RMT, Inc., Santa Monica, California 

Specialized in industrial facility regulatory compliance including federal, state and local air 
quality and hazardous waste disposal regulations, industrial stormwaterprogram development 
and monitoring, wastewater discharge requirements, and OSHA regulations. 

Key Projects 
On-site Compliance Engineer for Aerospace Manufacturer during Facility Closure and 
Remediation 
Developed for over 15 Industrial facilities: 

AB-2588 Air Toxic Plans and Reports, StormwaterPollution Prevention Plans, 
and SCAQMD Permit Applications 
Compliance Audits for over 20 Industrial Facilities 

Environmental Scientist 
Roy F.Weston, Cleveland, Ohio 

Contract-member of the U.S. EPA Superfund Technical Assistance Team for emergency 
response to uncontrolled releases of hazardous substances.Coordinated on-site response 
including monitoring, source identification and extent of contamination studies, OSHA and 
CERLA compliance. Developed site cleanup and remediation plans including cost analysis. 

Key Projects 
Emergency Response to the Mitigation of Landfill Gas into Residential Homes -Landfill 
Gas Extraction Operation 
Extent of Contamination Study and Removal Action Plan for a PCB-Contaminated Waste 
Oil Facility 



Member of the U.S. EPA Region V Chemical Safety Audit Team -Environmental 
Compliance Audits at Major ManufacturingFacilities 

Publications and Presentations 

"Variability of Shoreline Fecal Bacteria Densities due to Storm Drain Discharge 
in the Dry Season: Implications for Routine MonitoringPrograms, October, 2002, California and 
the World Oceans, Santa Barbara, California. 

"Beach Monitoring and Public Notification in S. California:Translating Science into Public 
Policy", June 2001, American Association for Advancement of Science, Irvine California. 

"Temporal Variability of Shoreline Bacteria Densities resulting from Dry-weather Urban Runoff 
Discharge", September2001, International Environmetrics Society, Portland, Oregon. 

Duke, L.D. and Taggart, M., Uncertainty Factors in ScreeningEcological Risk Assessment, 
2000, Environmental Toxicology and Chemistry, (19) 1668-1680. 

"Urban Runoff: Largest Source of Pollution to Coastal Waters", June 2000, California Water 
Environment Association, Newport Beach, California. 
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EXPERIENCE 

Executive Director at Heal the Bay (6-94 to present) 
Oversee advocacy, legislative, research, and education programs for the successfa1 . -
environmental gr;up.Set priorities and help create strategic plan and implementation strategies 
for the organization on issues, programs, communications, development, education and finance. 
Chief administrator for the organization. Develop and oversee annual budget of $3 million. 
Primary spokesperson for the organization to the media, agencies, elected officials and at 
conferences. Responsible for meeting yearly fundraising goals of $3 million. Manage a staff of 
30. Responsible for the acquisition of the Santa Monica Pier Aquarium (formerly the UCLA 
Ocean Discovery Center. Maintain responsibilities as the organization's Issues and Programs 
Director (see below). Principle negotiator for the organization on a wide variety of issues 
including the Los Angeles County's Municipal Storm Water Permit, contaminated sediment 
issues, and California and National Bathing Water Standards issues. Helped author state 
legislation including AB 41 1, AB 538, AB 2019, AB 1548, SB 72 and AB 1186. Chaired 
statewide workshop on contaminated sediments in 1997 and conference on Urban Storm Water 
Best Management Practices for the South-West United States in 1998. 

Professor at UCLA (1 1/97 - 3/98)(12/01 to 4/02) 
Visiting Professor at the School of Public Health. The graduate level class focused on coastal 
pollution problems and their potential solutions. Course material covered the regulatory acts (the 
Clean Water Act, National Environmental Protection Act, the Porter-Cologne Act, California 
Environmental Quality Act, and the California Coastal Act), regulatory agencies associated with 
those Acts, and water quality problems facing California's coast from point and non-point 
sources, oil, and development. 

Issues and Proaams Director (9188 - 6/94) 
Provide technical support for the environmental public interest group. Responsibilities include: 
Analyze EIRsIEISs, discharge permit applications, consistency determinations, and local, state 
and federal regulations; complete field research and supervise the preparation of the 
organization's technical reports; manage technical and programmatic staff; write and present 
testimonv for vublic hearings at the State and Regional Water Boards. California Coastal 
commission, bity councils, the State ~e~is la tureand  in front of othe; agencies; teclu~ical review 
of all of the organization's publications, educational materials, and press releases; provide 
technical support to Heal the Bay and other environmental groups on source reduction, water 
quality treatment management strategies and technologies, watershed management strategies, 
water quality regulatory compliance issues, and the toxicological and ecological impacts of water 
pollution on humans and aquatic life; decide on and implement issues agenda; review grants; 
create educational programs for the organization; serve as a spokesperson for 
the organization to the mcdia; co-author, comment and testify on proposed water quality and 



natural resources legislation; research and write position papers; exchange information and work 
cooperatively with elected officials, engineers, scientists and agencies that work on coastal 
issues. Developed Heal the Bay's Beach Report Card. 

Environmental Consultant at Engineering Science Inc. (10186 -3/88) 
Involved in the ormaration of EIRs and environmental assessments. Primarily involved in . -
writing the biological and water quality sections. Projects included: ~ e v e l o ~ m e n t  at Ballona 
Lagoon and Ormond Beach wetlands and the L.A. city urban runoff characterization study. 

EDUCATION 

UCLA - D. Env., Environmental Science and Engineering: June, 1994 

UCLA - M.A., Biology: June, 1986 

UCLA - B.S., Biology: June, 1984 

RESEARCH PROJECTS 

Principal Investigator on a study of the PCB and DDT contaminant levels in commercially sold 
white croaker. Included in the study was a cancer risk assessment, an analysis of the current 
regulatory Eramework on contaminated fish, and numerous recommendations to reduce the 
cancer risks to the population consuming white croaker. 

Investigator on an epidemiological study of the possible adverse health effects of swimming in 
the urban runoff contaminated waters of Santa Monica Bay. The study was completed under the 
auspices of the Santa Monica Bay Restoration Project. 6-94 to 5-96. ~pidemiologv 1999. 
Haile, R., Witte, J., Gold, M. et al., 

Coauthor of a 1998 paper in Marine Science Bulletin on developing a fish contamination 
monitoring program for Santa Monica Bay. 

Principle investigator on a series of storm drain and surf zone pathogen studies completed under 
the auspices of the Santa Monica Bay Restoration Project. 6-88 to 6-92. 

Co-author of a comprehensive study on the use of oxidants for drinking water treatment for the 
Journal of the American Water Works Association. Summer 1988. 

Co-author of a comprehensive study for the State Water Resources Control Board on the sources, 
fate, transport, aquatic toxicity and possible biological impacts of exposures to six chlorinated 
organics in the environment. Fall 1987 - Spring 1988. 

Co-author of a paper entitled, "Current and Prospective Quality of California's Ground Water" 
presented at the 16th Biennial Conference on Ground Water. Summer, 1987. 



MEMBERSHIPS 

Member of the California Oceans Science Trust; Vice Chair of the Santa Monica Bay 
Restoration Commission (SMBRC), member of the SMBRC Watershed Council and Technical 
Advisory Committee (TAC); member of UCLA School of Public Health Hall of Fame; member 
of USC Sea Grant Advisory Board; member of the Palos Verdes Superfund Site Technical 
Advisory Committee; Member of the NOAA Natural Resources Damages Technical Advisory 
Committee for the Palos Verdes shelf. Chair of the City of Santa Monica's Environmental Task 
Force; Member of the City of Malibu's Environmental Review Board; Member of the Los 
Angeles Regional Contaminated Sediment Management Committee and Technical Advisory 
Committee; Member of California's Beach Water Quality Task Force and the Clean Beach 
Advisory Group; Member of the Advisory Board for the Environmental Media Association; 
Member of the Malibu Creek Watershed Advisory Committee. Prior member of the of the 
Environmental Protection Agency's Urban Wet Weather Federal Advisory Committee and 
Beach Advisory Group, the Regional Water Board's Groundwater Technical Advisory 
Committee and the Technical Review Committee for Surface Water. 
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EDUCATION 
1999- Doclorate CandidateInEnvironmentalScience and 

Engineering, Univasity of California, Loo Angeles (UCLA) 
1995.1998 MA in Biology, Univenity of Calilornia, Santa Barbars (UCSB) 

01991-1995 BA withHonora inEnwronmcntalScieace with an emohasisin- -

W o g y ,  University of California, SrmtaBarbara 

EXPERIENCE 
rU)OI- Research Scientist Reef ChecWLA Performed coral reef monitoring and 

education in Indonesia. Madamscar. the Maldives. and the Philiooines 
e2000-2001 Giaduate Student ~es&rcher.-&h? of the ~nv&nment, UC~;\. 

Performed wetland restoration monitoring at the Naval Air Base, Ventura 
County, CA. 

e2000 Scientificw d t a n t  for IMAX Urn"Coral Reef Adventure", French Polynesia. 
e1998-1999 Field Research Assistant. Marine Science lwtitute (MSl), UCSB. 

Duties mwmpassed all espccuof a field marine ecology project conducted in 
Moorea, French Polynesia including supervision of statf. 

r1995-1998 Graduate Student Researcher. MSI, UCSB. 
Administered laboratory and fleld research activitiesat UCSB, the California 
Channel Islands, and Moorea, French Polynesia. 

e1993-1995 Research Assistant. MSI.UCSB 
Perfonhed laboratory activities includii sortingof marine bio-wre samples. 

-1989-1992 Electrician's Apprentice. RomanakELectric, Lo8 Angeles, CA. 

SKILLS: 
l2Lears SCUBAexperience (University of Californiaresearch certified, 1000+logged rcsesrch 
dives). Marine navimtion and boating. Red Cross Cectified in first aid, CPR, basic life supwn,.. 
advkced watcr &ty and tiwarding. Repair of research equipment in field situations 
includinn outboard moton Water aualilv lestina (marhe and freshlvatcr). Comwter skilled in. . 
dbtsG(Ms Access), OIS (Arcview), remote ;sing @NVI), and statistics(Systat, SPSS, 
Sigmaplot). 

PROBTSSIONAL A F ~ I A ~ O N S  
Founding officer Isla Vita chapter of SurfridorFoundation Implemented ocean water quality 
testing through SurfriderFoundation in Sinta Barbara County. Member hoard of directors Recf 
ChccWULLA 

A\VARDS/PCLLOWSarPS 
02002-2003 Dissertation Y w  Fellowship. UCLA 
02001-2002 Malwlm R. Stncey Memorial Award. UCLA 
02001-2002 Graduate Student Fellowship. University of California Toxic Substances 

Research and Teaching Program n]C TSWIY) 
l1996-1998 Graduate Student Fellowship. WC TSR&TP) 
l1995 Research and Training Grant.Natiod Science Foundation 
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Appendix VI: 

Snapshots of Potential Impacts of Proposed Methodology 




San Gabriel River 

Running through the heart of East Los Angeles 
County, the San Gabriel River is one of the few 
major largely soft-bottomed waterways 
remaining in Southern California. Originating in 
the San Gabriel Mountains, the river flows south 
to the Pacific Ocean at Seal Beach and provides 
a rare natural refuge in the middle of this highly 
urbanized region. 

The site of the historical San Gabriel Mission, 
the San Gabriel River witnessed the last stand of 
the Mexican Army in the Mexican-American 
war and once hosted a healthy migration of 
steelhead trout. Today a wild population of 
brown trout is found in a section of the west fork 
and in a region with ten times less green space 
as is needed to maintain a healthy environment, 
several equestrian trails and pocket parks line 
the waterway and provide an essential escape to 
residents. 

Despite the importance of the San Gabriel River 
to the community, the waterway faces several challenges: The Los Angeles Regional 
Water Quality Control Board oversees 865 National Pollutant Elimination Discharge 
System (NPDES) permits in the San Gabriel River watershed. Runoff contamination 
canies trash and many dangerous metals such as zinc into its waters, threatening the health 
of the river's wildlife, while several invasive species threaten the health of the riparian 
ecosystem. 

In recognition of its vital contribution to the history and contemporary culture of the 
region, numerous government agencies and community organizations are engaged in a 
regional effort to revitalize the waterwav. The ultimate goal of these efforts is to imvrove 
thk an Gabriel's water quality and establish a greenbelt-along the banks of the rive;from 
its headwaters in the mountains to its outlet in the Pacific Ocean. 

As part of this initiative, lacal organizations such as the Friends of the San Gabriel River 
organize yearly water-monitoring events that recruit hundreds of community volunteers to 
test the quality of the waterway. The Los Angeles and San Gabriel Watershed Council 
facilitates stakeholder coordination around the waterway and Los Angeles County 
Proposition A funds allocated by Supervisor Gloria Molina support the development of 
local pocket parks. Recent federal legislation authored by Congresswoman Hilda Solis 



also commits federal funding to study the possibility of designating portions of the 
waterway as a national park. 

The proposed 303 (d) listing poIicy will leave waterways such as the San Gabriel River 
that are in desperate need of the protections that the TMDL program provides off its list. 
In 2002, the Los Angeles Regional Water Quality Control Board placed Reach 2 of the San 
Gabriel River on the 303 (d) list after 4 out of 26 samples (15%) of samples demonstrated 
an exceedence of water quality standards for zinc. Under the binomial approached 
included in the proposed listing policy, this level of contamination would have been 
insufficient to list the San Gabriel River. Such an omission would have removed the 
TMDL program as a tool for revitalizing the river and severely hampered community 
efforts to revitalize the waterway. Should the proposed 303(d) listing policy be 
implemented, communities will be unable to use the TMDL process as a tool to revitalize 
similar waterways. 



San Antonio Creek 

Part of the Ventura River 
Watershed, the San Antonio Creek 
flows through the city of Ojai in 
Ventura County from the 
Transverse Ranges south to the 
Ventura River. 

The creek flows through the center 
of the small city of 8,000, and 
provides the scenic backdrop to the 
world-famous Ojai Valley Tennis 
Tournament, the largest amateur 
tennis tournament in the country. 
After leaving the city, the creek 
flows past lush avocado and orange 

orchards to join the Ventura River. 

In addition to its contribution to the cultural life of Ojai and Southern Ventura County, San 
Antonio Creek plays a critical role in the region's ecosystem. The endangered unarmored 
threespine sickleback, a small fish that once populated waterways throughout Southern 
California and now found only in a handful of waterways, calls San Antonio Creek home. 

Despite its importance to the community and ecology of Ojai and Southern Ventura 
County, the water quality of San Antonio Creek faces several challenges. Runoff from 
agricultural sources, for example, leads to high levels of eutrophication that threaten the 
oxygen supplies of fish species such as the threespine sickleback. 

Recognizing the importance of San Antonio Creek to the region, local community 
volunteers mobilized a 'Stream Team' to test the waterway for contamination and provide 
the data to local water quality boards. With 4 out of 23 (17%)of samples exceeding water 
quality standards, the results of the testing indicated elevated levels of nitrates, which can 
lead to eutrophication. In response to this finding, the Los Angeles Regional Water 
Quality Control Board placed San Antonio Creek on the 303 (d) list for nitrates. This 
designation will allow the Board to develop a TMDL for the waterway and ensure that 
nitrate contamination into the waterway is curtailed. 

The proposed 303(d) listing/delisting policy will ensure that waterways such as San 
Antonio Creek are never listed and consequently, problems such as nitrate 
contamination never addressed. The binomial approach requires that 5 out of 23 toxicity 
samples exceed water quality standards in order to list a waterway. Thus, under the 



proposed policy SanAntonio Creek would never have been listed on the 303(d) list for 
nitrates, and a major water quality issue ignored. 



Coyote Creek 

Flowing through Northern Orange 
County, Coyote Creek runs &om 
Riverside Countv to the San Gabriel 
River. On its way to the River, Coyote 
Creek provides thc aesthetic backdrop 

' 

to Coyote Creek Golf Club, a 
cornerstone of the local economy. 

Despite its importance to the local 
economy, Coyote Creek faces a series 
of water quality challenges that 
threaten its beneficial uses. These 
include poor water quality, lost aquatic 
soecies. lost and deeraded wctlands. in- -

stream and terrestrial habitats, channel degradation and erosion, reduced natural recharge, 
infestation of invasive species, flood damage, and devalued recreation experience. 

In 2002, the Santa Ana Regional Water Quality Control Board listed Coyote Creek on the 
303(d) impaired waters list after toxicity resting revealed levels of selenium in the 
waterway that exceeded water quality standards. Selenium is a heavy metal that is 
extremely toxic to aquatic wildlife at very low concentrations. Out of 26 samples taken, 5 
(19%) exceeded water quality standard for the toxin. 

Under the proposed listinglde-listing policy, Coyote Creek would not have been 
included on the 303(d) list, despite the high incidence of selenium contamination. 
Using the binomial approach, at least 6 samples out of 26 must exceed water quality 
standards for inclusion of the waterway. Thus, waterways such as Coyote Creek with 
significant impairment that are essential to local economies may be overlooked and 
ignored in regional cleanup efforts. 



Quail Creek 


Flowing into the Salinas River, Quail Creek 
is vart of a maior watershed that flows into 
the Monterey hay National Marine 
Sanctuary. The primary land use around the 
creek is agriculture and grazing. High 
nitrate levels are commonly found in the 
surface waters of this watershed. Other 
issues include siltation, water diversions, 
migration barriers for salmonids, and high 
water temperatures. 

The proposed listinddelisting policy as 
written requires that for toxicity sample 
counts fewer than 20, 5 samples must 
exceed standards. Quail Creek has 4 
samples for nitrate contamination that 
exceed standards set by the state drinking 
water maximum contaminant level for 
nitrates of 45 mdL. Despite the fact that 
many of the detected exceedances reached 

levels that would poison cattle, under the pr oposed policy Quail Creek would not have 
been included on the 303 (d) list by the Gelitral Coast Regional Water Quality Control 
Board. 

The potential for such an omission is particularly alarming when considering the possible 
impact of nitrates on the health of cattle grazing by the creek. Nitrate poisoning can be 
extremely hazardous to cattle populations. Acute poisoning occurs within 30 minutes to 4 
hours after ingestion of plants or water high in nitrates. Thus, the problem occurs very 
quickly and often the cattle are observed to be normal one day and dead the next day. A 
very early sign is salivation followed by frequent urination. Soon after, the cattle exhibit 
difficult breathing, increased respiratory rate, and dark brown or "chocolate" colored blood 
and mucous membranes. The animals then become weak, reluctant to move, and have 
convulsions before they die. It is common to simply find some of the cattle dead. If 
pregnant cattle receive a dose that is not quite deadly, they may abort soon after 
recovering. 

The adoption of the proposed delistingtlisting policy would thus allow waterways such as 
Quail Creek to be omitted from the 303(d) Impaired Waters List and thus ignore a major 
potential threat to local grazing economies. 
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February 18,2004 

Mr. Arthur Baggett 
Chairman 
State Water Resources Control Board 
P.O. Box 100 
Sacramento, CA 94912-0100 

Dear Mr. Baggett: 

Thank you for the opportunity to review California's draft Water Quality Control 
Policy for developing the State's Clean Water Act Section 303(d) list. Because EPA is 
responsible for acting upon the State's Section 303(d) listing decisions that will be based 
on the assessment methodology contained in the Policy, we carefully evaluated the draft 
policy to determine whether it is consistent with applicable water quality standards, the 
Clean Water Act and associated federal regulatory requirements. EPA does not take 
formal action on the assessment methodology itself. 

EPA is concerned that many provisions of the draft policy appear to conflict with 
applicable water quality standards and federal listing requirements. This letter summarizes 
these concerns; an enclosure provides more detailed comments and recommendations. We 
urge the State Board to make substantial revisions to the policy to ensure that it is fully 
consistent with water quality standards and Section 303(d) listing requirements. 

Although the policy needs to be revised, we believe the draft policy represents a 
step in the right direction. We recognize that the State Board has devoted substantial effort 
in developing the draft listing policy and we understand that it is difficult to define policies 
that account for the full range of water quality assessment challenges that face California. 
We support the State's objectives to improve the quality of data supporting listing 
decisions. the clarity of assessment criteria. and the consistency with which assessment 
criteria &e applied.- We appreciate that thipolicy provides foithe evaluation of all data 
and information types and the application of all numeric and narrative water quality 
standards in the assessment We also appreciate your staffs effort tosolicit input 
from EPA during the initial phases of policy development. 

It is difficult to identify elements of the proposed policy that would result in listing 
decisions that are inconsistent with applicable water quality standards and federal listing 
requirements for two reasons. First, ;;is unclear howman; policy elements will actually 
be interpreted and applied by State and Regional Board staff because they are not 
explained clearly in the draft policy. The policy is inconsistent in its description of 



assessment methods as requirements or as discretionary guidelines. Second, the policy 
authorizes but does not require the State to consider listing waters under Section 303(d) 
that do not meet the explicit listing criteria through the subsequent application of 
professional judgment and "weight of evidence" analysis. It is unclear whether and how 
the State will actually apply these additional provisions. When the State develops its 2004 
Section 303(d) list based on the adopted policy, EPA will carefully scrutinize the proposed 
listing decisions and associated assessment rationales. If the actual listing decisions are 
consistent with applicable water quality standards and federal listing requirements, the list 
will be approvable. 

Inconsistencies With Federal Requirements 

Based on our review of the policy, these provisions appear to be inconsistent with 
federal requirements: 

The policy includes provisions for excluding from consideration dqta and 
information that do not meet all of the State's preferred tests of data quality and 
representativeness. These provisions appear to conflict with 40 CFR 130.7(b), 
which requires the state to gather and consider all existing and readily available 
data and information in the listing process. This requirement creates a strong 
presumption that data and information will be used in the assessment process 
unless it is completely unreliable. The data limitations and preconditions also seem 
substantially more stringent than the principles governing evidence admissibility 
and opportunity for public participation typically used in California administrative 
proceedings. The proposed policy and supporting documentation do not contain 
sufficient rationale for a decision to exclude available data and information from 
consideration, as required by 40 CFR 130.7(b)(6). Data and information are often 
useful within a "weight-of-evidence" assessment context even if they do not meet 
every quality assurance expectation. 

The proposed procedures for assessing exceedances of numeric water quality 
standards for many pollutants conflict with existing water quality standards 
provisions. Most procedures rely on a 10% allowable exceedance rate applied 
through a nonparametric binomial statistical test for most pollutant types and 
therefore appear to be much less stringent than existing state water quality 
standards, in conflict with federal listing requirements. For example, the proposed 
assessment procedure for toxic pollutants neglects the explicit recurrence intervals 
defined in the California Toxics Rule, which states that acute or chronic standards 
are not to be exceeded more than once in every three consecutive year period (m 
40 CFR 13 1.38 (c)(2)(iii)). 

The policy does not describe clear provisions for identifying and listing threatened 
waters. Federal regulations at 40 CFR 130.7(b) and 130.2(i) reauire the - . . -. . 
identification of waters which do not or arc not expected to meet auulicable water 
qualitv standards. As described in EPA's national listing guidance (EPA, 1997a 



and EPA, 2003), States are expected to assess potentially threatened waters and to 
list waters which are expected to exceed applicable stand&ds during the following 
2-year period. The policy mentions but does not require the assessment of water 
quality trends that could identify threatened waters; moreover, it is not clear that 
the policy provides for evaluation of dilution calculations or modeling results to 
support potential listing determinations as required by federal regulations &40 
CFR 130.7(b)(5)(ii)). 

The policy contains provisions that would exclude from listing waters impaired due 
to pollutant discharges from naturally occurring sources and these provisions 
conflict with applicable state water quality standards, which do not contain such an 
exemption. Moreover, the policy would appear to exclude from listing impaired 
waters that receive pollutant discharges Erom anthropogenic sources if naturally 
occurring sources alone were sufficient to cause water quality standards 
exceedances,a provision that also conflicts with state water quality standards. The 
draft listing policy conflicts with the State's draft S.B. 469 TMDL Guidance 
document, which correctly observes that water quality standards would need to be 
revised in order to avoid listing or developing TMDLs for waters whose natural 
background pollutant levels exceed water quality standards (SWRCB, 2003, section 
6). Finally, the provision that encourages application of a reference watershed 
approach to assessment of bacteria standards exceedances is inconsistent with state 
water quality standards except in Region 4, the only Region in which a reference 
watershed approach to bacteria standards implementationhas been adopted as a 
component of its water quality standards. The state would need to adopt and 
receive EPA approval of water quality standards changes pursuant to Section 
303(c) in order to apply natural source exclusions or the reference watershed 
approach to implementingbacteria standards as part of the Section 303(d) listing 
methodology. 

For toxicity assessments, it is uncertain if the policy would require listing a water 
body with evidence of toxicity but the pollutant is unknown. Recent EPA listing 
guidance clarifies states must list impaired or threatened waters based on biological 
assessments, or toxicity testing that demonstrate violations of narrative or numeric 
criteria adopted to protect designated uses even if the specific pollutant is not 
known (see EPA, 2003.) 

The policy provides that impaired waters need not be listed if other enforceable 
programs are available to address the impairment causes. This provision is 
generally consistent with the requirements of 40 CFR 130.7(b). However, in order 
for this provision to apply, the policy states that the discharge source subject to the 
enforceableprogram need only comprise the majority of the pollutant load causing 
the impairment. This provision is potentially inconsistent with federal regulations 
because minority sources not covered by the enforceable program may be sufficient 
to cause water quality standards violations even if the majority source is controlled. 
This part of the enforceable programs provision should be revised to require that 
enforceableprograms that address impairments sources must be sufficient to result 



in full attainment of water quality standards, taking into account all pollutant 
sources in addition to the regulated source(s). 

Other Key Concerns About the Draft Listing Policy 

Several other listing provisions either appear to conflict with federal listing 
requirements, are too vague to enable us to adequately evaluate their consistency with 
federal requirements, or have not been supported by adequate technical rationales. EPA is 
concerned about the following aspects of the policy, most of which are also discussed in 
greater detail in the enclosure to this letter: 

The policy does not require verification that data sets are suitable for analysis 
through the proposed binomial statistics method. Unless evaluated data exhibit 
particular characteristics (e.g. normal distribution, sample independence, absence of 
systematic biases) it may be invalid to draw valid statistical inferences based on 
binomial statistical tests (see Lin, et al., 2000). With the exception of monitoring 
programs based on random sample designs, most monitoring programs in 
California are not designed to collect data that exhibit these characteristics. 

The policy is unclear as to whether and how alternative data evaluation and weight 
of evidence analysis procedures will be applied in the assessment process. The 
policy should include a firm commitment to apply a weight of evidence approach 
that would provide for listing of waters in cases where multiple lines of evidence 
combine to demonstrate water quality standards exceedances even if a single line of 
evidence provides insufficient evidence of exceedances. The policy should explain 
more clearlv the arocedures to be followed to conduct weieht of evidence analvsis. . -
As proposed, the policy takes too narrow a view of weight of evidence analysis and 
thereby creates the potential that standards exceedances and associated listings will -
be missed in the assessment process. 

The policy is unclear about how priority ranking and scheduling decisions will be 
made. Moreover, scheduling provisions should be modified to'be consistent with 
EPA's national policy that TMDLs are to be completed within approximately 8-13 
years of the date of initial listing or 1998, whichever is later (see EPA, 1997b). 

Conclusion 

EPA ex~ressed these concerns in comments to State Board staff dated June 2003 on 
the previous draft of the proposed policy. We are concerned that most of the 
inconsistencies with federal listing requirement identified in our previous comments 
remain in the December 2003 draft p ~ i i ~ y .  Unless the policy is modified to address our 
remaining concerns, it appears likely that the State will develop Section 303(d) listing 
decisions that do not comply with federal listing requirements. EPA would be compelled 
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to disapprove any listing decision that conflicts with these requirements. EPA partially 
disapproved and added waters and pollutants to the California Section 303(d) lists 
submitted in 1992, 1996, 1998, and 2003-an outcome we want to avoid in future listing 
decisions. We would greatly prefer to work with the State Board and your staff to identify 
policy modifications that comply with state water quality standards and federal listing 
requirements. We do appreciate your efforts to develop this policy and look forward to 
working with you in the coming months to help strengthen the policy. If you have 
questions concerning these comments, please call me at (415) 972-3752 or David Smith at 
(415) 972-3416. 

Sincerely, 

Alexis Strauss 
Water Division Director 

Enclosure 
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Enclosure: Specific Concerns About California's Proposed Section 303(d) Listing Policy 

Data Qualitity, Quantitity and Representativeness 

The draft listing policy proposes to use minimum sample sizes for assessing certain 
pollutants (e.g., n>20 for water samples and n>10 for tissue or sediment samples). EPA's recent 
listing guidance states "EPA does not recommend the use of rigid, across the board, minimum 
sample size requirements in the assessment process. Small sample sets often provide sufficient 
information to support decisions to list waters because the frequency andlor magnitude of 
observed excursions and digressions are high enough to support a reliable impairment 
determination." (EPA 2003, pp. 25-26). The policy appears to allow assessments of smaller data 
sets on case-by-case basis, but the policy should more clearly require assessment of data sets 
with fewer than the suggested "minimum" sample sizes. 

The policy also requires only "high quality" data to be considered for listing impaired 
waters; i.e., monitoring data associated with a Quality Assurance Project Plan or equivalent. 
Other data will bd considered only in combination with "high quality data"; however other data 
cannot be used by itself. EPA agrees that "high quality" data should be accorded the greatest 
weight to support listing and de-listing decisions. However, all data and information must be 
considered (see EPA, 1997a and EPA, 2003). We encourage the State to define the basic 
QA/QC components that correspond to the "equivalent" of a QAPP. For example, if a 
monitoring group were to provide documentation of study objectives, rational for selection of 
sampling sites, sampling frequency, field techniques, analytical methods, and personnel training, 
then we see no legal rationale to exclude the analytical results and monitoring data from the 
assessment. 

The policy lists major monitoring programs in California considered to be of high quality. 
We recommend the State include all EPA monitoring data (not just EMAP) as well as other 
agencies that operate high quality sampling programs (e.g., US Fish and Wildlife Service, US 
Department of Agriculture, US Army Corps of Engineers, and National Oceanic and 
Atmospheric Administration). 

The policy's minimum sample size and high quality data provisions and supporting 
rationale do not provide a "good cause" rationale for excluding data and information from 
consideration (see 40 CFR 130.7(b)). These regulatory provisions create a rebuttable 
presumption that all readily available data and information will be used in the assessment 
process. A great deal of usefbl data from STORET, academic and agency reports, and volunteer 
monitoring groups would appear to be excluded from consideration under the proposed rule, an 
outcome which appears inconsistent with the federal requirements. 

Moreover, these requirements appear to be more stringent that the principles governing 
the admissibility of evidence and opportunities for public participation typically used in 
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Board, 134 Cal.Rptr.2d 516,529-530 (2003) (discussing party's opportunity to present evidence 
and have it considered); McBail & Co. v. Solano County Local Agency Formation Comm., 72 
Cal .Rptr.2d 923, 926-28 (1998) (discussing agencies' obligation to adequately consider "all 
relevant factors", and disapproving agency's effort to require a party to make a factual showing 
beyond that required by statute); Mohilef v. Janovici, 58 Cal.Rptr.2d 721, 736 (1996) ("it is well 
established that a 'presentation to an administrative agency may properly include evidence that 
would not be admissible in a court of law"'); Desmond v. County of Contra Costa, 25 Cal.Rptr. 
840,846-847 (1993) (approving use of non-expert opinion testimony in agency proceeding); 
County of San Diego v. Assessment Appeal Board, 195 Cal.Rptr. 895,900-901 (1983) (setting 
aside Board's decision because "it chose to disregard competent evidence"; Calif: Hotel and 
Motel Assn., 157 Cal.Rptr. 840 (1979) (discussing public participation objectives of California's 
Administrative Procedures Act); see also Califarnia Optometric Assn. 13 1 Cal.Rptr. 744 (1976) 
and Carmel Valley View, Ltd., 130 Cal.Rptr. 249 (1976). 

We are also concerned that the proposed policy appears to set a higher burden of proof 
than typically used in California's administrative proceedings. We understand that 
"preponderance of the evidence" is the burden of proof typically used in the State's 
administrative proceedings. See, e.g., Mann v. Dept. of Motor Vehicles, 90 Cal.Rptr. 2d 277, 
282-283 (1999) ("Evidence Code section 115 provides in part that '[elxcept as otherwise 
provided by law, the burden of proof requires proof by a preponderance of the evidence", 
rejecting argument that department "had the burden of producing 'clear and convincing [proof] 
to a reasonable certaintv" in administrative vroceedind: -,. San Benito Foods v. Veneman. 58 
Cal.Rptr.2d 571 (1996j(rejecting argumen<that agency's hearing officer was required to apply a 
"clear and convincing evidence" standard of proof in administrative proceeding); In the Matter 
ofpermits 19259and 19260, State Water ~esources Control Board, i987 ~ ~ 5 4 5 5 0  (1987) 
("Permittee asserts that the standard of proof in this case should be that of clear and convincing 
proof to a reasonable certainty." "Generally, the proper standard of proof in cases where no 
fundamental vested right is involved is the preponderance of the evidence standard.. ..We 
conclude that changes in water right permits likewise are subject to the preponderance standard 
and substantial evidence review."); Rosas v. Workers ' Compensation Appeals Board, 20 
Cal.Rptr.2d 778,783-87 (1993) (the burden of proof in a workers' compensation proceeding 
"manifestly does not require the applicant to prove causation by scientific certainty"); and 
Western Oil and Gas Assoc. V.Air Resources Board, 208 Cal.Rptr. 850,858 (1984) ("The Board 
therefore should not be required to wait until substantial adverse effects are scientifically verified 
before adopting appropriate standards.") 

In section 6.2.5, the draft policy states "information that is descriptive, estimated, 
modeled or projected may be used as ancillary lines of evidence for listing or de-listing 
decisions." We request the State modify this to remove the notion that such information will be 
treated only as suvvlementary information for assessment decisions. We find it inconsistent with 
federal pihance that water quality modeling results by themselves are sufficient means of 
assessing water quality conditions. Federal regulations require the consideration of information 
from dilution cakulations or predictive modeli in the assessment process (40 CFR 
130.7@)(5)(ii)). 
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Statistical Methods 

As discussed in our letter, it is important that data sets exhibit certain characteristics in 
order to validly apply statistical analysis procedures such as nonparametric binomial methods to 
describe potential sources of analytical error. In order for these statistical tests to yield reliable 
results, evaluated data should be independent, normally distributed, and without bias (e.g., serial 
correlation or autocorrelation). The policy should be modified to provide for the verification that 
available data sets exhibit these characteristics prior to applying the binomial approach. We 
expect that the State will document its analysis which shows these assumptions are met to a 
reasonable degree. Not all data sets must meet every assumption completely, but the State 
should discuss potential errors associated with application of binomial analysis methods to data 
sets that do not meet one or more key assumptions. We want to stress that the data should be 
assessed through another assessment method if the assumptions necessary to carry out a binomial 
assessment are not met. 

The listing policy relies heavily on the binomial approach, its limitations, or the policy 
choices reflected in its design with respect to management of type 1 and type 2 decision error. 
Instead the policy uses footnotes to provide some background information and relies on the 
notion that other states have already adopted the binomial parameters and therefore they are 
acceptable. For example, the policy discusses the null hypothesis yet it does not clearly define 
the state's definition of the null hypothesis for listing waters (which is buried in the FED). This 
is especially critical for the de-listing section of the policy. Moreover, the proposed approach to 
applying binomial statistics infers a policy choice by the state to minimize type 1 error (the 
likelihood of incorrectly assessing a water as impaired) at the cost of maximizing type 2 error 
(the likelihood of incorrectly concluding that an impaired water is attaining standards). EPA 
guidance and professional literature recommend that type 1 and type 2 error rates should be 
balanced if there is no clear agreement that one form of error is more important than the other, as 
a policy matter, in that state ( ~ eEPA, 2001, EPA 2003, and Smith, et al ., 2001). 

For many pollutant types (toxics, conventional, bacteria, tissues, etc), the policy proposes 
the State will list waters in cases where there was greater than 90% statistical confidence that a 
numeric standard has been exceeded at least 10% of the time (i.e., the binomial approach). The 
policy refers to EPA guidance to defend its decision criteria, most specifically a 10% allowable 
exceedance level, and yet this is based on an incorrect reading of EPA guidance concerning 
allowable water quality exceedance rates. The assertion that EPA endorses the use of a 10% 
standards exceedance rate is incorrect. The EPA 305(b) guidance (EPA, 1997a, as clarified in 
EPA, 2003) refers to the 10% exceedance rate as a method for assessing data sample sets-- not as 
an acceptable exceedance rate in the "population". The use of this exceedance rate in a binomial 
assessment method has not been shown to be protective of water quality nor consistent with 
water quality standards requirements. With a few exceptions, California water quality standards 
do not authorize a 10% exceedance frequency as proposed in this policy. It is likely that use of 
this exceedance rate would increase the number of water bodies that do not meet water quality 
standards that are missed in the listing assessments. The 10% binomial analysis approach must 
be changed in order for the policy to be consistent with state water quality standards and federal 
listing requirements. 
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The proposed policy applies the binomial approach to certain sized data sets, and then for 
smaller data sets it defines arbitrary required exceedance frequencies in order to support listing 
determinations. For example, some water parameters are evaluated via the binomial approach 
for n >20 and refers to Table 4.2 for the maximum allowable number of exceedances. For 
smaller sample sets, n<20, only if 5 or more exceedances have been observed will the water body 
be deemed impaired. The policy and supporting documentation do not demonstrate that this 
approach is consistent with State water quality standards or technically defensible. 

Toxic Pollutants 

The proposed binomial approach as applied to toxic pollutants in water does not meet 
federal requirements for assessing water bodies designated with the aquatic life beneficial use. 
EPA's guidance for the 2004 cycle states, "Use of the 10% rule when performing attainment 
determinations regarding effects of toxics is not appropriate unless the State's WQS regulations 
specifically authorizes use of this rule for such pollutants" (EPA 2003, pg. 30). The State needs 
to modify this approach to be consistent with the allowable exceedance frequency explicitly 
stated in California Toxics Rule (which includes most of the toxic pollutant standards in effect in 
California) and which served as the analytical basis for most other toxic pollutant objectives in 
the Basin Plans. The California Toxics Rule (EPA, 2000a) states that numeric standards 
designated for aquatic life uses are not to be exceeded more than once every three years, 
regardless of sample size. In order to ensure consistency with this provision, the listing policy 
should be modified to provide for listing in cases where 2 or more independent samples exceed 
the acute or chronic water quality standards in any 3 consecutive year period. An allowable 1 in 
3 year exceedance rate would correspond to approximately 0.1% of the days in any 3-year 
period. If the State wants to apply a binomial assessment method to identify toxic pollutant 
impairments, then a 0.1% allowable exceedance rate would be consistent with the requirements 
of the California Toxics Rule. 

Conventional Pollutants 

For conventional pollutants, the proposed policy cites EPA's 305(b) guidance as part of 
its rationale for using an allowable 10% water ~uali tv standards exceedance rate as vart of its 
binomial assessmenimethodology. The policymisinterprets this EPA guidance. EPA'S 1997 
guidance recommends methods for evaluating relatively small-sized sample sets to assess 
compliance with the applicable water qualitystandards, which specify allowable exceedance 
rates in the entire water body. The guidance does not directly identify allowable water quality 
standards exceedance rates. Excursion rates used to evaluate small samvle sets are not directlv 
comparable to allowable water quality standards exceedance frequencies in the underlying 
"population". Most of California's water quality standards for conventional pollutants do not 
authorize 10% exceedance frequencies. -

Because the binomial approach already accounts for and directly manages uncertainty 
associated with assessments based on small sample sizes, including type 1 error in particular, it 
would be inappropriate to apply the 10% exceedance rate directly within the context of a 
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binomial assessment approach unless the underlying water quality standards authorize a 10% 
exceedance frequency. 

In order for California to apply a 10% exceedance frequency within a binomial analysis 
framework, the State would need to document that the applicable water quality standards for 
each pollutant authorize a 10% exceedance rate. Some Regional Basin Plans include water 
quality objectives that provide for 10% (or other specified percentage) exceedance frequencies. 
It would be appropriate to apply the proposed 10% (or other specified percentage) exceedance 
frequency within a binomial analysis framework in these cases. However, most Basin Plan 
objectives for conventional pollutants are expressed as values not to be exceeded. The 10% 
binomial approach is much less stringent than these objectives provide in these cases. In cases in 
which the Basin Plans are silent with respect to allowable exceedance frequencies, the State 
would need to provide a stronger rationale for its selected method. As discussed above, it is 
inappropriate to cite EPA guidance as a rationale for the proposed 10% exceedance frequency. 
Nor is it appropriate to cite other state methodologies as a basis for the proposed approach 
because other state water quality standards often are expressed in terms that authorize use of an 
underlying 10% exceedance rate for particular conventional pollutants. 

Some California standards (e.g., for bacterial indicators) are expressed both in terms of 
10% exceedance frequencies and as instantaneous maximum values not to be exceeded. It is 
invalid to ignore the "not be exceeded" element of the standards in the assessment process, and 
the State should revise the policy to explain how these two-part standards will be assessed. 

"Nuisance" Pollutants 

The policy should be modified to clarify that many of the pollutants characterized as 
"nuisances" may pose serious threats to aquatic habitat, recreation, fishing, and other important 
beneficial uses. The proposed assessment criteria for the impairment types covered in this 
section lack sufficient detail to guide consistent application of assessment methods. As 
discussed in the preceding section, the policy would need to provide a more persuasive rationale 
to support application of the 10% binomial approach to assessment of these pollutants. Many of 
the Basin Plans contain water quality objectives that do not appear to authorize such high 
exceedance frequencies. 

Bacteria 

The policy provisions for assessing bacterial standards exceedances should be revised because 
the proposed criteria appear to conflict with the State's current two-number water quality 
standards or objectives which have both an instantaneous maximum as well as specific data 
requirements and 30-day evaluation periods. The 10% binomial aspect would potentially be 
consistent with the numeric standard using the 30-day geometric mean averaging period. The 
policy should more clearly explain how 30-day geometric mean objectives are to be interpreted. 
Several potential interpretations are possible: 
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monthly geometric means for each month would be calculated then compared 
with this component of the objective through the binomial method, 

rolling 30-day geometricmeans would be calculated and applied through the 
binomial method, 

the geometric mean of all samples would be calculated and compared directly to 
the numeric objective. 

The policy should more clearly explain how data would be evaluated in cases in which fewer 
than 4-5 samples are available in any particular month. We are concerned that exclusion of data 
from further consideration simply because the minimum monthly sample sizes are not available 
could result in incorrect conclusions that the objectives are attained. We recommend the data 
should be evaluated through a weight of evidence approach that considers the frequency, 
duration, and magnitude of bacterial standards excursions along with information about potential 
bacteria discharge sources. 

Bioaccumulative Toxins 

The policy should provide a more robust rationale supporting the proposed use of the 
10%binomial approach for assessment of bioaccumulative toxins. We are concerned that the 
proposed approach is probably not sufficient protective of aquatic life uses and appears to be 
inconsistent with the language in Basin Plan narrative objectives applicable to bioaccumulative 
pollutants. The minimum data size (n=10) should be lowered since this sample media is most 
likely to represent water quality conditions over long term. Fewer fish tissue measurements are 
required to make a more accurate analysis, especially if composite results are provided. In 
essence, an assessmentbased on as few as 3 composite fish sample results can be completed with 
sufficient confidence and it is probably more accurate than assessmentsmade using 10 individual 
samples. (Composites generally consist of 3 or more individuals of the same species, where the 
smallest is 75% in length of the largest.) We encourage the State to include more explicit 
language about interpretation of individual versus composite results, and to include guidelines on 
evaluatingmagnitude of tissue results. We concur that tissue results from muscle or whole body 
should be used in the assessment and that kidney or liver tissue alone are not suitable measures. 
Finally, the State should rectify Table 3 and use the most appropriate screening value for arsenic 
in fish tissue-1.2 mgkg ww for inorganic arsenic (see EPA 2000b. pg. 5-11 and discussion in 
Newport Bay Toxic Pollutant TMDLs pp. 69-70). 

The toxicity section of the policy is also inconsistent with existing Basin Plan standards. 
Each Basin Plan has standards that address toxicity by authorizing, in essence, "no toxics in 
toxic amounts". The policy should be revised to incorporatemore protective assessment criteria 
for evaluating toxicity data that are consistent with Basin Plan requirements. The proposed 
toxicity evaluation method also needs to be revised to better account for the complexities of 
assessing the presence and magnitude of acute and chronic toxicity in multiple species tests. We 
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will provide additional technical recommendations for improving the toxicity assessment 
methodology in the next week. 

Alternate Data Evaluations 

The listing policy includes provisions for listing waters based on alternate data evaluation 
and we support this general concept of multiple lines of evidence to determine impairment. 
However, the proposed policy is too vague both in terms of the scope of data and information to 
be considered and the specific methods to be applied to consider multiple lines of evidence. 
These provisions should more clearly apply to all data types including sediment, tissue, toxicity, 
and biological response data. The policy should more clearly explain how alternate data sources 
would be evaluated. We are concerned that the draft policy currently states "the measurements 
can be analyzed using a scientifically defensible procedure that provides an equivalent level of 
confidence as the listing factors in section 3.1." This seems to require any and all data must have 
90% confidence level to be used in assessing impaired waters, which may be inconsistent with 
the concept of a weight of evidence approach. Also, it is unclear if sample magnitude can be 
sufficiently influential to cause listing the water body based on sediment and/or tissue results. 

The State should consider adopting weight of evidence approaches that more clearly 
explain how different lines of evidence will be evaluated in conducting individual assessments. 
There are available analytical options between the purely qualitative method proposed in the 
policy and the option of reducing all lines of evidence to a single quantitative measure, as 
discussed in the FED. For example, EPA developed and applied a semi-quantitative method of 
evaluating water column, sediment, and fish tissue data for toxic pollutants in the process of 
developing several TMDLs for Newport Bay, CA. We recommend that the State consider the 
use of this type of approach as part of the listing policy. 

Natural Source Exemptions 

The proposed policy states that water body impairment due to natural sources will be 
exempt from inclusion on the 303(d) list. In order for waters impaired due to natural sources to 
be excluded, the adopted water quality standards must clearly contain such exclusions. Our 
review of the Basin Plans found no such exclusions. The State's draft TMDL guidance properly 
notes that standards would need to be changed in order to avoid listing waters impaired by 
natural sources, and approach that was taken by the Lahontan RWQCB. If appropriate, the State 
may consider adoption of a natural sources exclusion and submit it for EPA approval pursuant to 
Section 303(c). However, until the standards are modified, this provision should be deleted 
from the policy. Impaired waters should be listed and may appropriately be assigned a lower 
priority ranking in order to reflect the State's preference for revising the applicable water quality 
standards, which may obviate the need to develop TMDLs for these waters. 

We are also concerned that the policy provides that waters influenced by anthropogenic 
sources needed not be listed if natural sources by themselves would be sufficient to cause water 
quality standards violations. This provision must also be deleted, and would not be approvable if 
adopted as part of a water quality standards change pursuant to Section 303 (c). The same issue 
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arose in the State of Arizona's development of a Section 303(d) assessment methodology, and 
following discussion of the issue with EPA, the State decided not to apply this provision because 
they agreed that it is inconsistent with Arizona's water quality standards, that do contain a 
natural sources exclusion. 

The policy proposes the application of a reference watershed approach to assessing 
bacterial standards exceedances, similar to the approach adopted for Santa Monica Bay. We note 
that in the case of Santa Monica Bay, the State properly adopted the reference watershed 
approach as a water quality standards modification; this was subsequently approved by EPA 
pursuant to Section 303(c). These provisions should also be deleted until the State decides to 
adopt reference watershed approaches to bacterial standards implementation. 

Listing of Threatened Waters 

The proposed policy provides no clear provisions for assessing and listing threatened 
waters. Pursuant to the requirements of 40 CFR 130.7, as interpreted in our 1997 and 2003 
guidance documents, EPA expects each state to describe how it will assess whether waters which 
currently attain standards will likely fall out of attainment during the next listing cycle. The 
proposed policy makes reference to the use of certain types of data for trend analysis purposes, 
but does not actually describe how or if such data analysis will lead to listings of threatened 
waters. We expect the listing policy to clearly show how the requirement to list threatened 
waters was addressed. We are concerned by the proposed requirement that evidence of current 
beneficial use impairment be available to support a threatened waters designation because that 
requirement appears to conflict with federal regulations. This provision requiring evidence of 
current effects to support threatened waters designations should be deleted. 

De-listing Provisions 

For de-listing waters from the 303(d) list, the proposed policy appears to utilize the same 
statistical approach and underlying assumptions (fewer than 10% exceedances with 90% 
confidence level) as described in the listing methodology. We support the State's decision to 
apply a different null hypothesis in assessing potential delisting decisions &Lin, et a1 ., 2000). 
The same concerns expressed above about the proper use of binomial statistical methods, issues 
of data characteristics, and proper interpretation of water quality standards also apply to the use 
of the proposed process for delisting waters. 

Scheduling Considerations 

The draft policy briefly discusses the State's proposed process for prioritizing and 
scheduling TMDLs. We concur with the policy that high priority TMDLs will be developed 
within two years; however the description of medium priority and low priority designations and 
associated schedule implications should be clarified. EPA's 1997 policy indicates that states are 
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expected to schedule TMDLs for completion within approximately 8-13 years of their initial 
listing dates, or the 1998 listing date, whichever is later (EPA, 1997b). 

The State should describe more clearly the process for making individual priority ranking 
decisions. Some of the more pertinent factors might be: degree of threat to human health, 
aquatic life or wildlife, timeframe for NPDES permit revisions, unique water bodies, presence of 
threatened and endangered species, significant public interest and support of TMDL, important 
recreation and economic significance of water body, number of water quality standards 
exceendances per water body or number of unmet designated beneficial uses. We recommend 
that the State Board review Arizona's priority ranking process as an example of a much clearer 
and rigorous priority ranking and scheduling methodology. Upon request we would be happy to 
discuss other more rigorous priority ranking methods. 
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Fish and shellfish can be an important part of a balanced diet. It is a good 
source of high quality protein and other nutrients and is low in fat. The FDA 
and EPA are advising pregnant women and nursing mothers to eat the types and 
amounts of fish and shellfish that are safe to prevent harm to the development 
of their baby or young child.



If you follow advice given by FDA and EPA you will gain the positive benefits 
of eating fish but avoid any developmental problems from mercury in fish.



To protect your baby follow these 3 rules:



1. Do not eat Shark, Swordfish, King Mackerel, or Tilefish because they 
contain high levels of mercury
2. Levels of mercury in other fish can vary. 
You can safely eat up to 12 ounces (2 to 3 meals) of other purchased fish and 
shellfish a week. Mix up the types of fish and shellfish you eat and do not eat 
the same type of fish and shellfish more than once a week.
3. Check local 
advisories about the safety of fish caught by family and friends in your local 
rivers and streams. If no advice is available, you can safely eat up to 6 ounces 
(one meal) per week of fish you catch from local waters, but don’t consume any 
other fish during that week.



Follow these same rules when feeding fish and shellfish to your young child, 
but the serving sizes should be smaller.



Frequently Asked Questions About Mercury in Fish:



1. But I thought fish was good for me when I am pregnant.



It is fish and other seafood long have been considered to be good sources of 
protein with the added advantage of being low in saturated fat and high in 
healthy omega-3 fatty acids. However, scientists have learned that shark, 
swordfish, king mackerel and tilefish contain levels of mercury in them that may 
harm your unborn child. This is why FDA and EPA are advising you to avoid these 
fish. By eating other types of fish in moderation you will get the health 
benefits of fish.



2. What about tuna?



Tuna is one of the most frequently consumed fish in the United States. 
Mercury levels in tuna vary. Tuna steaks and canned albacore tuna generally 
contain higher levels of mercury than canned light tuna. You can safely include 
tuna as part of your weekly fish consumption.



3. "Is there methylmercury in all fish?"



Nearly all fish contain traces of methylmercury. However, larger fish that 
have lived longer have the highest levels of methylmercury because they've had 
more time to accumulate it. These large fish (swordfish, shark, king mackerel 
and tilefish) pose the greatest risk to pregnant women. Other types of fish are 
safe to eat in the amounts recommended by FDA and EPA If you want more 
information about the levels in various types of fish see the FDA food safety 
web site. www.cfsan.fda.gov or the EPA website at www.epa.gov/ost/fish



4. "I'm not pregnant - so why should I be concerned about 
methylmercury?"



If you regularly eat types of fish that are high in methylmercury, it can 
accumulate in your blood stream over time. Methylmercury is removed from the 
body naturally, but it may take over a year for the levels to drop 
significantly. Thus, it may be present in a woman even before she becomes 
pregnant. This is one of the reasons why women who are trying to become pregnant 
should also avoid eating certain types of fish.



5. Why do I need to get local advice for locally caught fish?



Some kinds of fish and shellfish caught in your local waters may have higher 
or much lower than average levels of mercury. This depends on the levels of 
mercury in the water in which the fish are caught. Those fish with lower levels 
may be safely eaten more frequently and in larger amounts.



6. How can learn about local advisories?



Before you go fishing, check your Fishing Regulations Booklet for information 
about local advisories. You can also contact your local health department for 
information about local advisories. See below for state and tribal contact 
information.



7. "What is mercury?"



Mercury occurs naturally in the environment and can also be released into the 
air through industrial pollution. It falls from the air and can accumulate in 
streams and oceans and is turned into methylmercury in the water. It is this 
type of mercury that is harmful to your baby. Fish absorb the methylmercury as 
they feed in these waters and so it may build up in the fish. It builds up more 
in some types of fish than others, depending on what the fish eat, which is why 
the levels in the fish vary.



Note: If you have questions or think you've been exposed to large amounts of 
methylmercury, see your doctor or health care provider immediately.



For further information about the risks of mercury in fish and shellfish call 
the U.S. Food and Drug Administration's food information line toll-free at 
1-888-SAFEFOOD or visit FDA's Food Safety Website http://www.cfsan.fda.gov/



For further information about the safety of locally caught fish and 
shellfish, visit the Environmental Protection Agency’s Fish Advisory website www.epa.gov/ost/fish or contact your 
State or Local Health Department. A list of state or local health department 
contacts is available at www.epa.gov/ost/fish. Click on Federal, 
State, and Tribal Contacts.
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Draft Advice For Women Who Are Pregnant, Or Who Might Become Pregnant, and 
Nursing Mothers, About Avoiding Harm To Your Baby Or Young Child From Mercury in 
Fish and Shellfish.


Dec. 10, 2003
Fish and shellfish can be an important part of a balanced diet. It is a good 
source of high quality protein and other nutrients and is low in fat. The FDA 
and EPA are advising pregnant women and nursing mothers to eat the types and 
amounts of fish and shellfish that are safe to prevent harm to the development 
of their baby or young child.
If you follow advice given by FDA and EPA you will gain the positive benefits of 
eating fish but avoid any developmental problems from mercury in fish.
To protect your baby follow these 3 rules:
1. Do not eat Shark, Swordfish, King Mackerel, or Tilefish because they contain 
high levels of mercury
2. Levels of mercury in other fish can vary. You can safely eat up to 12 ounces 
(2 to 3 meals) of other purchased fish and shellfish a week. Mix up the types of 
fish and shellfish you eat and do not eat the same type of fish and shellfish 
more than once a week.
3. Check local advisories about the safety of fish caught by family and friends 
in your local rivers and streams. If no advice is available, you can safely eat 
up to 6 ounces (one meal) per week of fish you catch from local waters, but 
don’t consume any other fish during that week.
Follow these same rules when feeding fish and shellfish to your young child, but 
the serving sizes should be smaller.
Frequently Asked Questions About Mercury in Fish:
1. But I thought fish was good for me when I am pregnant.
It is fish and other seafood long have been considered to be good sources of 
protein with the added advantage of being low in saturated fat and high in 
healthy omega-3 fatty acids. However, scientists have learned that shark, 
swordfish, king mackerel and tilefish contain levels of mercury in them that may 
harm your unborn child. This is why FDA and EPA are advising you to avoid these 
fish. By eating other types of fish in moderation you will get the health 
benefits of fish.
2. What about tuna?
Tuna is one of the most frequently consumed fish in the United States. Mercury 
levels in tuna vary. Tuna steaks and canned albacore tuna generally contain 
higher levels of mercury than canned light tuna. You can safely include tuna as 
part of your weekly fish consumption.
3. "Is there methylmercury in all fish?"
Nearly all fish contain traces of methylmercury. However, larger fish that have 
lived longer have the highest levels of methylmercury because they've had more 
time to accumulate it. These large fish (swordfish, shark, king mackerel and 
tilefish) pose the greatest risk to pregnant women. Other types of fish are safe 
to eat in the amounts recommended by FDA and EPA If you want more information 
about the levels in various types of fish see the FDA food safety web site. 
www.cfsan.fda.gov or the EPA website at www.epa.gov/ost/fish
4. "I'm not pregnant - so why should I be concerned about methylmercury?"
If you regularly eat types of fish that are high in methylmercury, it can 
accumulate in your blood stream over time. Methylmercury is removed from the 
body naturally, but it may take over a year for the levels to drop 
significantly. Thus, it may be present in a woman even before she becomes 
pregnant. This is one of the reasons why women who are trying to become pregnant 
should also avoid eating certain types of fish.
5. Why do I need to get local advice for locally caught fish?
Some kinds of fish and shellfish caught in your local waters may have higher or 
much lower than average levels of mercury. This depends on the levels of mercury 
in the water in which the fish are caught. Those fish with lower levels may be 
safely eaten more frequently and in larger amounts.
6. How can learn about local advisories?
Before you go fishing, check your Fishing Regulations Booklet for information 
about local advisories. You can also contact your local health department for 
information about local advisories. See below for state and tribal contact 
information.
7. "What is mercury?"
Mercury occurs naturally in the environment and can also be released into the 
air through industrial pollution. It falls from the air and can accumulate in 
streams and oceans and is turned into methylmercury in the water. It is this 
type of mercury that is harmful to your baby. Fish absorb the methylmercury as 
they feed in these waters and so it may build up in the fish. It builds up more 
in some types of fish than others, depending on what the fish eat, which is why 
the levels in the fish vary.
Note: If you have questions or think you've been exposed to large amounts of 
methylmercury, see your doctor or health care provider immediately.
For further information about the risks of mercury in fish and shellfish call 
the U.S. Food and Drug Administration's food information line toll-free at 
1-888-SAFEFOOD or visit FDA's Food Safety Website www.cfsan.fda.gov
For further information about the safety of locally caught fish and shellfish, 
visit the Environmental Protection Agency’s Fish Advisory website 
www.epa.gov/ost/fish or contact your State or Local Health Department. A list of 
state or local health department contacts is available at www.epa.gov/ost/fish. 
Click on Federal, State, and Tribal Contacts.
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2  •  INTRODUCTION



CHAPTER 1



Introduction



This fifth edition of Recognition and Management of Pesticide Poisonings is an up-
date and expansion of the 1989 fourth edition.  The Office of Pesticide Pro-
grams of the United States Environmental Protection Agency has sponsored
the series since 1973.  The purpose of the manual is to provide health profes-
sionals with recently available information on the health hazards of pesticides
currently in use, and current consensus recommendations for management of
poisonings and injuries caused by them.



Pesticide poisoning is a commonly under-diagnosed illness in America to-
day.  Despite recommendations by the Institute of Medicine and others urging
the integration of environmental medicine into medical education, health care
providers generally receive a very limited amount of training in occupational
and environmental health, and in pesticide-related illnesses, in particular.1 The
updating of this manual is part of a larger initiative of the U.S. Environmental
Protection Agency, in conjunction with numerous federal agencies, associa-
tions of health professionals, and related organizations to help health care
providers become better aware, educated, and trained in the area of pesticide-
related health concerns. This larger initiative, entitled Pesticides and National
Strategies for Health Care Providers, was launched in April 1998.



As with previous updates, this new edition incorporates new pesticide prod-
ucts that are not necessarily widely known among health professionals. The
accumulated “use experience” of formulators, applicators, and field workers
provides an expanding basis for judging safety and identifying the environmen-
tal and workplace hazards of old and new pesticides. Major episodes of adverse
health effects reported in medical and scientific periodicals have been taken
into account. This literature also contributes importantly to improved under-
standing of toxic mechanisms.  Clinical toxicology is a dynamic field of medi-
cine; new treatment methods are developed regularly, and the effectiveness of
old as well as new modalities is subject to constant critical review.



There is general agreement that prevention of pesticide poisoning remains a
much surer path to safety and health than reliance on treatment. In addition to
the inherent toxicity of pesticides, none of the medical procedures or drugs
used in treating poisonings is risk-free. In fact, many antidotes are toxic in their
own right, and such apparently simple procedures as gastric intubation incur
substantial risk. The clinical toxicologist must often weigh the hazards of vari-
ous courses of action—sometimes including no treatment at all—against the
risks of various interventions, such as gastric emptying, catharsis, administration











INTRODUCTION  •  3



of intravenous fluids, or administration of an antidote, if available. Clinical man-
agement decisions have to be made promptly and, as often as not, on the basis
of limited scientific and medical information. The complex circumstances of
human poisonings rarely allow precise comparisons of alternative management.
In no sense, then, are the treatment recommendations in this book infallible
guides to successful outcomes. They are no more than consensus judgments of
the best available clinical management options.



This manual deals almost entirely with short-term (acute) harmful effects
of pesticides. Although obviously important, the subject of chronic effects is
too complex to deal with exhaustively in a manual designed as guidance for
emergency management. Nonetheless, appropriate treatment of serious expo-
sures to pesticides represents an important step in avoiding chronic as well as
acute disease.



The pesticides and commercial products mentioned in this manual do not
represent the universe of pesticide products in existence.  They were selected
based on frequency of use and exposure, severity of toxicity, and prior experi-
ence with acute poisonings. Products are discussed in this manual that have
been discontinued or whose U.S. pesticide registration has been revoked but
are judged to still be of risk due to use elsewhere or where there is a probability
of residual stocks. Agents long out of use in the U.S. and elsewhere were not
included in the manual.



The amount of pesticide absorbed is a critical factor in making treatment
decisions, and estimation of dosage in many circumstances of pesticide expo-
sure remains difficult. The terms “small amount” and “large amount” used in
this book are obviously ambiguous, but the quality of exposure information
obtained rarely justifies more specific terminology.



Sometimes the circumstances of exposure are a rough guide to the amount
absorbed. Exposure to spray drift properly diluted for field application is not
likely to convey a large dose unless exposure has been prolonged. Spills of
concentrated technical material onto the skin or clothing may well represent a
large dose of pesticide unless the contamination is promptly removed. Brief
dermal exposure to foliage residues of cholinesterase-inhibiting pesticides is
not likely to lead to poisoning, but prolonged exposures may well do so. Sui-
cidal ingestions almost always involve “large amounts,” requiring the most ag-
gressive management.  Except in children, accidental pesticide ingestions are
likely to be spat out or vomited.  Ingestions of pesticides by children are the
most difficult to evaluate. The therapist usually must base clinical management
decisions on “worst case” assumptions of dosage. Childhood poisonings are still
further complicated by the greater vulnerability of the very young, not only to
pesticides themselves, but also to drugs and treatment procedures.  The nature
of neurological development in children entails an additional level of risk that
is not present in adults. Some adult groups such as farmwrokers with poor
nutrition and high exposure may also be at increased risk.
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Key Principles



General methods of managing pesticide poisonings are presented in Chap-
ter 2 and reflect a broad base of clinical experience.  The following key points
deserve emphasis. The need to protect the airway from aspiration of vomitus
cannot be overstated.  Death has occasionally resulted from this complication,
even following ingestions of substances having relatively low toxic potential. In
poisonings by agents that depress central nervous system function or cause
convulsions, early placement of a cuffed endotracheal tube (even when this
requires light general anesthesia) may be life saving. Maintenance of adequate
pulmonary gas exchange is another essential element of poisoning manage-
ment that deserves constant reemphasis.



Gastric intubation, with aspiration and lavage, remains a useful method for
removing poisons from the stomach shortly after they have been swallowed,
but the time after ingestion during which lavage is likely to be beneficial is
shorter than many clinical toxicologists have thought. Rarely are significant
amounts of swallowed toxicants recovered more than 1-2 hours after ingestion,
and, in many instances, the bulk of swallowed material passes into the duode-
num and beyond in 15-30 minutes.  In addition, the majority of controlled
studies evaluating the effectiveness of gastric emptying procedures are done for
ingestions of solid material (pills) rather than liquids.



Full advantage should be taken of new highly adsorbent charcoals that are
effective in binding some pesticides in the gut. Unfortunately, charcoal does
not adsorb all pesticides, and its efficiency against many of them is not known.
In poisonings caused by large intakes of pesticide, hemodialysis and
hemoperfusion over adsorbents continue to be tested as methods for reducing
body burdens. Against some toxicants, these procedures appear valuable. Over-
all effectiveness appears to depend not only on efficiency of clearance from the
blood, but also on the mobility of toxicant already distributed to tissues before
the extracorporeal blood-purification procedure is started. The volume of dis-
tribution and avidity of tissue binding are important considerations in making
such decisions. The critical determinant of success in using these systems may
well be the speed with which they can be put into operation before tissue-
damaging stores of toxicant have accumulated.



There remains a need for systematic reporting of pesticide poisonings to a
central agency so that accurate statistics describing the frequency and circum-
stances of poisoning can be compiled, and efforts to limit these occurrences can
be properly directed. In some countries there has been an increase in the use of
pesticides as instruments of suicide and even homicide. Producers are now
devoting considerable effort to modifying formulation and packaging to deter
these misuses. This work is important because suicidal ingestions are often the
most difficult pesticide poisonings to treat successfully.
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Common Pesticide Poisonings



The pesticides most often implicated in poisonings, injuries, and illnesses,
according to 1996 data from the American Association of Poison Control Center’s
Toxic Exposure Surveillance System, are listed below.



The list is based on symptomatic cases classified as minor, moderate, major,
or fatal outcome for unintentional cases involving a single product. Numbers
of cases are reported for both children under six years of age and for adults and
older children. Suicide/homicide (intentional) cases have been excluded. Cases
listed as organophosphates (and the other categories as well) may also include
other insecticides such as carbamates and organochlorines in a single product.



PESTICIDES MOST OFTEN IMPLICATED IN SYMPTOMATIC
ILLNESSES, 1996



Rank Pesticide or Pesticide Class Child Adults Total*
< 6 years  6-19 yrs.



1 Organophosphates 700 3274 4002
2 Pyrethrins and pyrethroids** 1100 2850 3950
3 Pine oil disinfectants 1336 903 2246
4 Hypochlorite disinfectants 808 1291 2109
5 Insect repellents 1081 997 2086
6 Phenol disinfectants 630 405 1040
7 Carbamate insecticides 202 817 1030
8 Organochlorine insecticides 229 454 685
9 Phenoxy herbicides 63 387 453
10 Anticoagulant rodenticides 176 33 209



All Other Pesticides 954 3604 4623
Total all pesticides/disinfectants 7279 15,015 22,433



* Totals include a small number of cases with unknown age.
** Rough estimate: includes some veterinary products not classified by chemical type.



Source: American Association of Poison Control Centers, Toxic Exposure Surveillance
System, 1996 data.



Approximately 90% of symptomatic cases involve only minor symptoms of
the type that could typically be treated at home with dilution or just observation.
However, seven of the top ten categories listed in the table above (organo-
phosphates, pyrethrins/pyrethroids, hypochlorite disinfectants, carbamates, 
organochlorines, phenoxy herbicides, and anticoagulant rodenticides) are much
more likely to require medical attention.



This list cannot be considered representative of all symptomatic poisonings
because it only shows cases reported to Poison Control Centers. However, it does
give a sense of the relative frequency and risk of poisoning from various agents or
classes of agents. The relative frequency of cases generally reflects how widely a
product is used in the environment. For example, a number of disinfectants occur
in the top ten partly because they are far more commonly found in the home and
work environment than other pesticides (see also the table of occupational cases
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below). Denominator information on the population at risk (numbers exposed)
would be needed to better understand the relative risk of different pesticides.
However, the main purpose of these tables is to give physicians a sense of what
types of cases they are most likely to see in their practice.



Although suicide cases make up roughly 3% of pesticide-related calls to
Poison Control Centers, they may account for nearly 10% of the cases seen in
a health care facility. The leading types of products involved in suicidal cases
include anticoagulant rodenticides (20% of total suicide attempts), pine oil dis-
infectants (14%), organophosphates (11%), pyrethrins/pyrethroids (6%), unknown
rodenticides (5%), carbamate insecticides (4%), and phenol disinfectants (3%).



CALIFORNIA OCCUPATIONAL ILLNESSES LIKELY DUE TO
PESTICIDES, 1991-1995



Rank Pesticide Systemic Topical* Total



1 Sodium hypochlorite 167 858 1025
2 Quaternary ammonia 9 348 357
3 Chlorine 112 124 236
4 Glutaraldehyde 38 118 156
5 Chlorpyrifos 113 39 152
6 Sulfur 48 69 117
7 Glyphosate 9 94 103
8 Propargite 3 96 99
9 Metam sodium** 64 33 97
10 Cyanuric acid 14 76 90



All Other 1149 1089 2238
Total all pesticides/disinfectants 1726 2944 4670



* Topical includes skin, eye, and respiratory effects.
** Train derailment led to a cluster of cases due to metam sodium in 1991.



Source: Louise Mehler, M.S., California Pesticide Illness Surveillance Program, California
Environmental Protection Agency.



Poison Control Centers are best at capturing pesticide exposures which
occur in residential environments. However, occupational exposures are not as
well covered. California’s Pesticide Illness Surveillance Program is generally
regarded as the best in the country. The table above presents the number of
occupationally-related cases in California reported from 1991 through 1995
where a pesticide was considered a probable or definite cause of the resulting
illness. Pesticide combinations, where the primary pesticide responsible for the
illness could not be identified, are not included in this table. Among persons
who encounter pesticides in the course of their occupational activities, dermal
and eye injuries, rather than systemic poisonings, are more common. Systemic
poisonings, however, are likely to be more severe.
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Format of this Manual



An effort has been made to format this book for quick reference by thor-
ough indexing and minimal references to other pages or chapters.  However,
many different agents commonly require similar procedures in treating poison-
ings and it is not practical to repeat these protocols in every chapter.  General
principles for management of pesticide poisoning, including skin and eye de-
contamination, gastrointestinal decontamination, and control of convulsions
are considered in Chapter 2, General Principles.  These principles are refer-
enced throughout.



Changes in this reformatted edition include: tabular listings of Commercial
Products in each chapter, the addition of a new chapter on Disinfectants (Chapter
19), and the addition of a chapter on Environmental and Occupational History
(Chapter 3), which places pesticide poisonings in the context of other environ-
mental and occupational exposures, provides questionnaires designed to elicit ex-
posure information, discusses resources available to the practitioner, and provides a
list of governmental and non-government contacts and Web sites for more infor-
mation. In addition, each chapter is referenced to key references in readily accessible
current literature.  Most references were selected as primary references in peer
review journals, although some review papers are also included.



The contents of this book have been derived from many sources: published
texts, current medical, toxicological, and pesticide product literature, and direct
communications with experts in clinical toxicology and pesticide toxicology and
environmental and occupational health specialists.  A list of the major text sources
follows this introduction.



Reference



1. Institute of Medicine. Role of the Primary Care Physician in Occupational and Environ-
mental Medicine, Washington, DC: Institute of Medicine, 1988.



Texts and Handbooks on Pesticides,
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Thomson Publications, Fresno, CA, 1994-95



Agrochemicals Desk Reference: Environmental Data
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The Agrochemicals Handbook, 3rd Edition
The Royal Society of Chemistry, Cambridge, England, 1994
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Biological Monitoring Methods for Industrial Chemicals,
2nd Edition



Randall C. Baselt
Biomedical Publications, Davis, CA, 1988



Casarett and Doull’s Toxicology, 5th Edition
John Doull, Curtis D. Klaassen, and Mary O. Amdur
Macmillan Publishing Company, New York, NY, 1996



Chemicals Identified in Human Biological Media: A Data Base
Compiled by M. Virginia Cone, Margaret F. Baldauf, Fay M. Martin, and John



T. Ensminger
Oak Ridge National Laboratory, 1980



Clinical Toxicology of Agricultural Chemicals
Sheldon L. Wagner, M.D.
Oregon State University Press, Corvallis, OR, 1981



Clinical Toxicology of Commercial Products, 5th Edition
Robert E. Gosselin, Roger P. Smith and Harold C. Hodge, with assistance of



Jeannette E. Braddock
Williams and Wilkins, Baltimore, MD, 1984



Farm Chemicals Handbook
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Meister Publishing Company, Willoughby, Ohio, 1998



Handbook of Pesticide Toxicology
Wayland J. Hayes, Jr. and Edward R. Laws, Jr., Editors
Academic Press, San Diego, CA 1991



Handbook of Poisoning: Prevention, Diagnosis and Treatment,
12th Edition



Robert H. Dreisbach and William O. Robertson
Appleton and Lange, East Norwalk, CT, 1987



Herbicide Handbook, 7th Edition
Weed Science Society of America, 1994



Medical Toxicology: Diagnosis and Treatment of Human Poisoning
Matthew J. Ellenhorn and Donald G. Barceloux
Elsevier, New York, NY, 1988
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The Merck Index, 11th Edition
Martha Windholz and Susan Budavari, Editors
Merck and Company, Inc., Rahway, NJ, 1989



Patty’s Industrial Hygiene and Toxicology, 4th Revised Edition
George D. Clayton and Florence E. Clayton
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Pesticide Manual, 11th Edition
CDS Tomlin
The British Crop Protection Council, Farnham, Surrey, United Kingdom,1997



Pesticide Profiles: Toxicity, Environmental Impact, and Fate
Michael A. Kamrin (Editor)
Lewis Publishers, Boca Raton, FL, 1997



The Pharmacological Basis of Therapeutics, 8th Edition
Louis S. Goodman and Alfred Gilman
Pergamon Press, New York, NY, 1990
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Barry H. Rumack, N.K. Sayre, and C.R. Gelman, Editors
Micromedex, Englewood, CO, 1974-98
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W. F.  Von Oettingen
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CHAPTER 2



General Principles in
the Management of
Acute Pesticide Poisonings



This chapter describes basic management techniques applicable to most acute
pesticide poisonings. Where special considerations and treatments are required
for a particular pesticide, they are addressed separately in the appropriate chapter.



Skin Decontamination



Decontamination must proceed concurrently with whatever resuscitative
and antidotal measures are necessary to preserve life. Shower patient with soap
and water, and shampoo hair to remove chemicals from skin and hair. If there
are any indications of weakness, ataxia, or other neurologic impairment, cloth-
ing should be removed and a complete bath and shampoo given while the
victim is recumbent. The possibility of pesticide sequestered under fingernails
or in skin folds should not be overlooked.



Flush contaminating chemicals from eyes with copious amounts of clean
water for 10-15 minutes. If eye irritation is present after decontamination, oph-
thalmologic consultation is appropriate.



Persons attending the victim should avoid direct contact with heavily con-
taminated clothing and vomitus. Contaminated clothing should be promptly
removed, bagged, and laundered before returning. Shoes and other leather items
cannot usually be decontaminated and should be discarded. Note that pesti-
cides can contaminate the inside surfaces of gloves, boots, and headgear. De-
contamination should especially be considered for emergency personnel such
as ambulance drivers at the site of a spill or contamination. Wear rubber gloves
while washing pesticide from skin and hair of patient. Latex and other surgical
or precautionary gloves usually will not always adequately protect from pesti-
cide contamination, so only rubber gloves are appropriate for this purpose.



Airway Protection



Ensure that a clear airway exists. Suction any oral secretions using a large
bore suction device if necessary. Intubate the trachea if the patient has respira-
tory depression or if the patient appears obtunded or otherwise neurologically











GENERAL PRINCIPLES  •  11



impaired. Administer oxygen as necessary to maintain adequate tissue oxygen-
ation. In severe poisonings, it may be necessary to mechanically support pul-
monary ventilation for several days.



Note on Specific Pesticides: There are several special considerations
with regard to certain pesticides. In organophosphate and carbamate poi-
soning, adequate tissue oxygenation is essential prior to administering atropine.
As important, in paraquat and diquat poisoning, oxygen is contraindicated
early in the poisoning because of progressive oxygen toxicity to the lung tissue.
See specific chapters for more details.



Gastrointestinal Decontamination



A joint position statement has recently been released by the American
Academy of Clinical Toxicology and the European Association of Poisons Centres
and Clinical Toxicologists on various methods of gastrointestinal decontamina-
tion.  A summary of the position statement accompanies the description of
each procedure.



1. Gastric Lavage



If the patient presents within 60 minutes of ingestion, lavage may be con-
sidered. Insert an orogastric tube and follow with fluid, usually normal saline.
Aspirate back the fluid in an attempt to remove any toxicant. If the patient is
neurologically impaired, airway protection with a cuffed endotracheal tube is
indicated prior to gastric lavage.



Lavage performed more than 60 minutes after ingestion has not proven to
be beneficial and runs the risk of inducing bleeding, perforation, or scarring
due to additional trauma to already traumatized tissues. It is almost always nec-
essary first to control seizures before attempting gastric lavage or any other
method of GI decontamination.



Studies of poison recovery have been performed mainly with solid mate-
rial such as pills. There are no controlled studies of pesticide recovery by these
methods. Reported recovery of material at 60 minutes in several studies was
8%-32%.1,2 There is further evidence that lavage may propel the material into
the small bowel, thus increasing absorption.3



Note on Specific Pesticides: Lavage is contraindicated in hydrocarbon
ingestion, a common vehicle in many pesticide formulations.



Position Statement: Gastric lavage should not be routinely used in the
management of poisons. Lavage is indicated only when a patient has ingested a
potentially life-threatening amount of poison and the procedure can be done
within 60 minutes of ingestion. Even then, clinical benefit has not been con-
firmed in controlled studies.4
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2. Catharsis



Sorbitol and magnesium citrate are commonly used cathartic agents. Be-
cause magnesium citrate has not been studied as much, its use is not described
here. Sorbitol is often included in charcoal formulations. It will increase gut
motility to improve excretion of the charcoal-poison complex. The dosage of
sorbitol is 1-2 g/kg as a one-time dose. Repeat doses of cathartics may result in
fluid and electrolyte imbalances, particularly in children, and are therefore not
recommended. Sorbitol is formulated in 70% and 35% solutions and usually
packaged in 100 mL bottles. The gram dosage of sorbitol in a 100 mL bottle
can be calculated by multiplying 100 (mL) x 0.7 (for 70% solution) x 1.285 g
sorbitol/mL. Therefore the dose in mL is as follows:



Dosage of Sorbitol:



• Adults: 70% sorbitol, 1-2 mL/kg.



• Children: 35% sorbitol, 1.5-2.3 mL/kg (maximum dosage: 50 g).



Note on Specific Pesticides: Significant poisoning with organophos-
phates, carbamates, and arsenicals generally results in a profuse diarrhea. Poi-
soning with diquat and to a lesser extent paraquat results in an ileus. The use of
sorbitol is not recommended in any of the above pesticide poisonings.



Position Statement: The administration of a cathartic alone has no role
in the management of the poisoned patient. There are no definite indications
for the use of cathartics in the management of the poisoned patient. Data are
conflicting with regard to use in combination with activated charcoal, and its
routine use is not endorsed. If a cathartic is used, it should be as a single dose in
order to minimize adverse effects. There are numerous contraindications,
including absent bowel sounds, abdominal trauma or surgery, or intestinal
perforation or obstruction. It is also contraindicated in volume depletion,
hypotension, electrolyte imbalance, or the ingestion of a corrosive substance.5



3. Activated Charcoal Adsorption



Activated charcoal is an effective absorbent for many poisonings. Volunteer
studies suggest that it will reduce the amount of poison absorbed if given within
60 minutes.6 There are insufficient data to support or exclude its use if time
from ingestion is prolonged, although some poisons that are less soluble may be
adsorbed beyond 60 minutes. Clinical trials with charcoal have been done with
poisons other than pesticides. There is some evidence that paraquat is well
adsorbed by activated charcoal.7,8 Charcoal has been anecdotally successful with
other pesticides.
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Dosage of Activated Charcoal:



• Adults and children over 12 years: 25-100 g in 300-800 mL water.



• Children under 12 years: 25-50 g per dose.



• Infants and toddlers under 20 kg: 1 g per kg body weight.



Many activated charcoal formulations come premixed with sorbitol. Avoid giv-
ing more than one dose of sorbitol as a cathartic in infants and children due to
the risk of rapid shifts of intravascular fluid.



Encourage the victim to swallow the adsorbent even though spontaneous vom-
iting continues. Antiemetic therapy may help control vomiting in adults or older
children.  As an alternative, activated charcoal may be administered through an
orogastric tube or diluted with water and administered slowly through a nasogastric
tube. Repeated administration of charcoal or other absorbent every 2-4 hours may
be beneficial in both children and adults, but use of a cathartic such as sorbitol
should be avoided after the first dose. Repeated doses of activated charcoal should
not be administered if the gut is atonic. The use of charcoal without airway protec-
tion is contraindicated in the neurologically impaired patient.



Note on Specific Pesticides: The use of charcoal without airway pro-
tection should be used with caution in poisons such as organophosphates, car-
bamates, and organochlorines if they are prepared in a hydrocarbon solution.



Position Statement: Single-dose activated charcoal should not be used
routinely in the management of poisoned patients. Charcoal appears to be most
effective within 60 minutes of ingestion and may be considered for use for this
time period. Although it may be considered 60 minutes after ingestion, there is
insufficient evidence to support or deny its use for this time period. Despite
improved binding of poisons within 60 minutes, only one study exists9 to suggest
that there is improved clinical outcome. Activated charcoal is contraindicated in
an unprotected airway, a GI tract not anatomically intact, and when charcoal
therapy may increase the risk of aspiration of a hydrocarbon-based pesticide.6



4. Syrup of Ipecac



Ipecac has been used as an emetic since the 1950s. In a pediatric study,
administration of ipecac resulted in vomiting within 30 minutes in 88% of
children.10 However, in light of the recent review of the clinical effectiveness of
ipecac, it is no longer recommended for routine use in most poisonings.
Most clinical trials involve the use of pill form ingestants such as aspirin,2,11



acetaminophen,12 ampicillin,1 and multiple types of tablets.13 No clinical trials
have been done with pesticides. In 1996, more than 2 million human exposures
to a poisonous substances were reported to American poison centers. Ipecac
was recommended for decontamination in only 1.8% of all exposures.14
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Dosage of Syrup of Ipecac:



• Adolescents and adults: 15-30 mL followed immediately with 240 mL
of water.



• Children 1-12 years: 15 mL preceded or followed by 120 to 240
mL of water.



• Infants 6 months to 12 months: 5-10 mL preceded or followed by 120
to 240 mL of water.



Dose may be repeated in all age groups if emesis does not occur within
20-30 minutes.



Position Statement: Ipecac syrup should not be administered routinely
in poisoned patients. If ipecac is used, it should be administered within 60
minutes of the ingestion. Even then, clinical studies have demonstrated no ben-
efit from its use. It should be considered only in an alert conscious patient who
has ingested a potentially toxic ingestion. Contraindications to its use include
the following: patients with diminished airway protective reflexes, the ingestion
of hydrocarbons with a high aspiration potential, the ingestion of a corrosive
substance, or the ingestion of a substance in which advanced life support may
be necessary within the next 60 minutes.15



5. Seizures



Lorazepam is increasingly being recognized as the drug of choice for status
epilepticus, although there are few reports of its use with certain pesticides.
One must be prepared to assist ventilation with lorazepam and any other medi-
cation used to control seizures. See dosage table on next page.



For organochlorine compounds, use of lorazepam has not been reported
in the literature. Diazepam is often used for this, and is still used in other pesti-
cide poisonings.



Dosage of Diazepam:



• Adults: 5-10 mg IV and repeat every 5-10 minutes to maximum of
30 mg.



• Children: 0.2-0.5 mg/kg IV every 5 minutes to maximum of 10 mg
in children over 5 years and 5 mg in children under 5 years.











GENERAL PRINCIPLES  •  15



Dosage of Lorazepam:



• Adults: 2-4 mg/dose given IV over 2-5 minutes. Repeat if necessary
to a maximum of 8 mg in a 12 hour period.



• Adolescents: Same as adult dose, except maximum dose is 4 mg.



• Children under 12 years: 0.05-0.10 mg/kg IV over 2-5 minutes. Re-
peat if necessary .05 mg/kg 10-15 minutes after first dose, with a
maximum dose of 4 mg.



Caution: Be prepared to assist pulmonary ventilation mechanically if
respiration is depressed, to intubate the trachea if laryngospasm occurs,
and to counteract hypotensive reactions.



Phenobarbital is an additional treatment option for seizure control. Dos-
age for infants, children, and adults is 15-20 mg/kg as an IV loading
dose. An additional 5 mg/kg IV may be given every 15-30 minutes to a
maximum of 30 mg/kg. The drug should be pushed no faster than 1 mg/
kg/minute.



For seizure management, most patients respond well to usual management
consisting of benzodiazepines, or phenytoin and phenobarbital.
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CHAPTER 3



Environmental and
Occupational History



Pesticide poisonings may go unrecognized because of the failure to take a proper
exposure history.  This chapter is intended to remedy this often overlooked area
by providing basic tools for taking a complete exposure history.  In some situ-
ations where exposures are complex or multiple and/or symptoms atypical, it is
important to consider consultation with clinical toxicologists or specialists in
environmental and occupational medicine.  Local Poison Control Centers should
also be considered when there are questions about diagnosis and treatment.



Although this manual deals primarily with pesticide-related diseases and
injury, the approach to identifying exposures is similar regardless of the specific
hazard involved.  It is important to ascertain whether other non-pesticide ex-
posures are involved because of potential interactions between these hazards
and the pesticide of interest (e.g., pesticide intoxication and heat stress in agri-
cultural field workers). Thus, the following section on pesticide exposures should
be seen in the context of an overall exposure assessment.



Most pesticide-related diseases have clinical presentations that are similar
to common medical conditions and display nonspecific symptoms and physical
signs.  Knowledge of a patient’s exposure to occupational and environmental
factors is important for diagnostic, therapeutic, rehabilitative and public health
purposes. Thus, it is essential to obtain an adequate history of any environmen-
tal or occupational exposure which could cause disease or exacerbate an exist-
ing medical condition.



In addition to the appropriate patient history-taking, one must also con-
sider any other persons that may be similarly exposed in the home, work or
community environment. Each environmental or occupational disease identi-
fied should be considered a potential sentinel health event which may require
follow-up activities to identify the exposure source and any additional cases. By
identifying and eliminating the exposure source, one can prevent continued
exposure to the initial patient and any other individuals involved.



Patients with these types of diseases may be seen by health care providers
that are not familiar with these conditions. If an appropriate history is obtained
and there appears to be a suspect environmental or occupational exposure, the
health care provider can obtain consultation with specialists (e.g., industrial
hygienists, toxicologists, medical specialists, etc.) in the field of environmental
and occupational health. For the more severe sentinel health events and those
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that involve numerous exposed individuals, additional assistance can be ob-
tained by contacting the state health department, state regulatory agency (e.g.,
the agriculture department in the case of pesticide illness and injury), or other
related organizations (see list at end of chapter). Furthermore, some states re-
quire reporting of certain environmental and occupational conditions (e.g.,
pesticide case reporting in Arizona, California, Florida, Oregon, Texas, and
Washington).



This chapter reviews the types of questions to be asked in taking an occupa-
tional and environmental history (for both adult and pediatric patients),  discusses
legal, ethical, and public health considerations, and lists information resources.



Taking an Exposure History



Given the time constraints of most health care providers, a few screening
questions are likely to be preferable to a lengthy questionnaire in identifying
occupational or environmental hazards. The screening questions below could
be incorporated into an existing general health questionnaire or routine
patient interview.



SCREENING QUESTIONS FOR OCCUPATIONAL
AND ENVIRONMENTAL EXPOSURES*
For an adult patient:
After establishing the chief complaint and history of the presenting illness:



• What kind of work do you do?



• (if unemployed) Do you think your health problems are related to your home
or other location?



• (if employed) Do you think your health problems are related to your work? Are
your symptoms better or worse when you are at home or at work?



• Are you now or have you previously been exposed to pesticides, solvents, or
other chemicals, dusts, fumes, radiation, or loud noise?



For a pediatric patient (questions asked of parent or guardian):



• Do you think the patient’s health problems are related to the home, daycare,
school, or other location?



• Has there been any exposure to pesticides, solvents or other chemicals, dusts,
fumes, radiation, or loud noise?



• What kind of work do the parents or other household members engage in?



If the clinical presentation or initial medical history suggests a potential occu-
pational or environmental exposure, a detailed exposure interview is needed.
An extensive exposure history provides a more complete picture of pertinent
exposure factors and can take up to an hour. The detailed interview includes
questions on occupational exposure, environmental exposure, symptoms and
medical conditions, and non-occupational exposure potentially related to ill-
ness or injury. Although the focus is on pesticide exposures and related health
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effects, concurrent non-pesticide exposures need to be considered in the over-
all patient health assessment. Questions typical of a detailed interview are listed
on the next several pages, preceded by special concerns in addressing exposures
of children and agricultural workers. For further details on taking a history for
all types of occupational and environmental hazards, consult the ATSDR mono-
graph entitled “Taking an Exposure History”1 or a general occupational and
environmental medicine reference text.2



Special Patient Populations



Children
In comparison to adults, children may be at greater risk from pesticide



exposures due to growth and developmental factors. Consideration of fetal,
infant, toddler or child characteristics is helpful in an exposure evaluation: physical
location, breathing zones, oxygen consumption, food consumption, types of
foods consumed and normal behavioral development.3  Furthermore, transpla-
cental absorption and breast milk may pose additional routes of exposure. Al-
though environmental (and, at times, occupational) exposure to pesticides is
the focus of this chapter, the most significant hazard for children is uninten-
tional ingestion.4  Thus, it is very important to ask about pesticides used and
stored in the home, day care facility, school, and play areas.



Agricultural Workers
Data from California’s mandatory pesticide poisoning reporting system would



imply an annual national estimate of 10,000-20,000 cases of farmworker poison-
ing.5 However, it is believed that these figures still represent serious underreporting
due to the lack  of medical access for many farmworkers and misdiagnosis by
some clinicians. For these high-risk patients, the exposure history should include
specific questions about the agricultural work  being done. For example:



• Are pesticides being used at home or work?



• Were the fields wet when you were picking?



• Was any spraying going on while you were working in the fields?



• Do you get sick during or after working in the fields?



The use of pesticides in the residence and taking home agricultural pesticides or
contaminated work clothes that are not properly separated from other clothes
may pose hazards for other household members as well.



Obtaining Additional Pesticide Information



In addition to the patient history, it is often helpful to obtain further infor-
mation on suspect pesticide products. Two documents are useful starting points
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DETAILED INTERVIEW FOR OCCUPATIONAL
AND ENVIRONMENTAL EXPOSURES
(Questions marked in bold type are especially important for a pesticide exposure history)



(1)  Adult Patient
OCCUPATIONAL EXPOSURE



• What is your occupation? (If unemployed, go to next section)



• How long have you been doing this job?



• Describe your work and what hazards you are exposed to (e.g., pesticides, solvents or other
chemicals, dust, fumes, metals, fibers, radiation, biologic agents, noise, heat, cold, vibration)



• Under what circumstances do you use protective equipment? (e.g., work clothes, safety glasses,
respirator, gloves, and hearing protection)



• Do you smoke or eat at the worksite?



• List previous jobs in chronological order, include full and part-time, temporary, second jobs,
summer jobs, and military experience. (Because this question can take a long time to answer, one
option is to ask the patient to fill out a form with this question on it prior to the formal history taking by
the clinician. Another option is to take a shorter history by asking the patient to list only the prior jobs
that involved the agents of interest. For example, one could ask for all current and past jobs involving
pesticide exposure.)



ENVIRONMENTAL EXPOSURE HISTORY



• Are pesticides (e.g., bug or weed killers, flea and tick sprays, collars, powders, or shampoos)
used in your home or garden or on your pet?



• Do you or any household member have a hobby with exposure to any hazardous materials (e.g.,
pesticides, paints, ceramics, solvents, metals, glues)?



• If pesticides are used:



• Is a licensed pesticide applicator involved?



• Are children allowed to play in areas recently treated with pesticides?



• Where are the pesticides stored?



• Is food handled properly (e.g., washing of raw fruits and vegetables)?



• Did you ever live near a facility which could have contaminated the surrounding area (e.g., mine,
plant, smelter, dump site)?



• Have you ever changed your residence because of a health problem?



• Does your drinking water come from a private well, city water supply, and/or grocery store?



• Do you work on your car?



• Which of the following do you have in your home: air conditioner/purifier, central heating (gas or oil), gas stove,
electric stove, fireplace, wood stove, or humidifier?



• Have you recently acquired new furniture or carpet, or remodeled your home?



• Have you weatherized your home recently?



• Approximately what year was your home built?



SYMPTOMS AND MEDICAL CONDITIONS



(If employed)



• Does the timing of your symptoms have any relationship to your work hours?



• Has anyone else at work suffered the same or similar problems?



• Does the timing of your symptoms have any relationship to environmental activities listed above?



• Has any other household member or nearby neighbor suffered similar health problems?
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NON-OCCUPATIONAL EXPOSURES POTENTIALLY RELATED TO ILLNESS OR INJURY



• Do you use tobacco? If yes, in what forms (cigarettes, pipe, cigar, chewing tobacco)? About how many
do you smoke or how much tobacco do you use per day? At what age did you start using tobacco? Are
there other tobacco smokers in the home?



• Do you drink alcohol? How much per day or week? At what age did you start?



• What medications or drugs are you taking? (Include prescription and non-prescription uses)



• Has anyone in the family worked with hazardous materials that they might have brought home
(e.g., pesticides, asbestos, lead)? (If yes, inquire about household members potentially exposed.)



(2)  Pediatric Patient (questions asked of parent or guardian)



OCCUPATIONAL EXPOSURE



• What is your occupation and that of other household members?  (If no employed individuals, go to
next section)



• Describe your work and what hazards you are exposed to (e.g., pesticides, solvents or other
chemicals, dust, fumes, metals, fibers, radiation, biologic agents, noise, heat, cold, vibration)



ENVIRONMENTAL EXPOSURE HISTORY



• Are pesticides (e.g., bug or weed killers, flea and tick sprays, collars, powders, or shampoos)
used in your home or garden or on your pet?



• Do you or any household member have a hobby with exposure to any hazardous materials (e.g.,
pesticides, paints, ceramics, solvents, metals, glues)?



• If pesticides are used:



• Is a licensed pesticide applicator involved?



• Are children allowed to play in areas recently treated with pesticides?



• Where are the pesticides stored?



• Is food handled properly (e.g., washing of raw fruits and vegetables)?



• Has the patient ever lived near a facility which could have contaminated the surrounding area
(e.g., mine, plant, smelter, dump site)?



• Has the patient ever changed residence because of a health problem?



• Does the patient’s drinking water come from a private well, city water supply, and/or grocery
store?



• Which of the following are in the patient’s home: air conditioner/purifier, central heating (gas or oil), gas stove,
electric stove, fireplace, wood stove, or humidifier?



• Is there recently acquired new furniture or carpet, or recent home remodeling in the patient’s home?



• Has the home been weatherized recently?



• Approximately what year was the home built?



SYMPTOMS AND MEDICAL CONDITIONS



• Does the timing of symptoms have any relationship to environmental activities listed above?



• Has any other household member or nearby neighbor suffered similar health problems?



NON-OCCUPATIONAL EXPOSURES POTENTIALLY RELATED TO ILLNESS OR INJURY



• Are there tobacco smokers in the home? If yes, in what forms (cigarettes, pipe, cigar, chewing tobacco)?



• What medications or drugs is the patient taking? (Include prescription and non-prescription uses)



• Has anyone in the family worked with hazardous materials that they might have brought home
(e.g., pesticides, asbestos, lead)? (If yes, inquire about household members potentially exposed.)
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in the identification and evaluation of the pesticide exposure: the material safety
data sheet (MSDS) and the pesticide label.



• Material Safety Data Sheet (MSDS). Under OSHA’s Hazard
Communications Standard (29 CFR 1910.1200), all chemical manu-
facturers are required to provide an MSDS for each hazardous chemi-
cal they produce or import. Employers are required to keep copies
of MSDSs and make them available to the workers. The following
items are contained in an MSDS:



- Material identification
- Ingredients and occupational exposure limits
- Physical data
- Fire and explosion data
- Reactivity data
- Health hazard data
- Spill, leak, and disposal procedures
- Special protection data
- Special precautions and comments.



These documents tend to have very limited information on health
effects and some of the active ingredients may be omitted due to
trade secret considerations. One cannot rely solely on an MSDS in
making medical determinations.



• Pesticide label. EPA requires that all pesticide products bear labels
that provide certain information. This information can help in evalu-
ating pesticide health effects and necessary precautions. The items
covered include the following:



- Product name
- Manufacturer
- EPA registration number
- Active ingredients
- Precautionary statements:



i. Human hazard signal words “Danger” (most hazardous),
“Warning,” and “Caution” (least hazardous)



ii. Child hazard warning



iii. Statement of practical treatment (signs and symptoms of
poisoning, first aid, antidotes, and note to physicians in the
event of a poisoning)



iv. Hazards to humans and domestic animals



v. Environmental hazards



vi. Physical or chemical hazards
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- Directions for use
- Name and address of manufacturer
- Net contents
- EPA registration number
- EPA establishment number
- Worker Protection Standard (WPS) designation, including re-



stricted entry interval and personal protection equipment required
(see WPS description on page 25).



The EPA registration number is useful when contacting EPA for infor-
mation or when calling the National Pesticide Telecommunications
Network hotline (see page 29). Pesticide labels may differ from one
state to another based on area-specific considerations. Also, different
formulations of the same active ingredients may result in different label
information. The pesticide label lists information only for active ingre-
dients (not for inert components) and rarely contains information on
chronic health effects (e.g., cancer and neurologic, reproductive, and
respiratory diseases).6 Although further pesticide information is often
needed, these documents should be considered as the first step in iden-
tifying and understanding the health effects of a given pesticide.



For the agricultural worker patient, the health care provider has
two legal bases — the EPA Worker Protection Standard and USDA
regulations under the 1990 Farm Bill — for obtaining from the
employer the pesticide product name to which the patient was ex-
posed. When requesting this information, the clinician should keep
the patient’s name confidential whenever possible.



Assessing the Relationship of
Work or Environment to Disease



Because pesticides and other chemical and physical hazards are often asso-
ciated with nonspecific medical complaints, it is very important to link the
review of systems with the timing of suspected exposure to the hazardous agent.
The Index of Signs and Symptoms in Section V provides a quick reference to
symptoms and medical conditions associated with specific pesticides. Further
details on the toxicology, confirmatory tests, and treatment of illnesses related
to pesticides are provided in each chapter of this manual. A general understand-
ing of pesticide classes and some of the more common agents is helpful in
making a pesticide related disease diagnoses.



In evaluating the association of a given pesticide exposure in the workplace
or environment and a clinical condition, key factors to consider are:



• Symptoms and physical signs appropriate for the pesticide being
considered
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• Co-workers or others in the environment who are ill



• Timing of the problems



• Confirmation of physical exposure to the pesticide



• Environmental monitoring data



• Biomonitoring results



• Biological plausibility of the resulting health effect



• Ruling out non-pesticide exposures or pre-existing illnesses.



A concurrent non-pesticide exposure can either have no health effect, ex-
acerbate an existing pesticide health effect, or solely cause the health effect in a
patient. In the more complicated exposure scenarios, assistance should be sought
from specialists in occupational and environmental health (see Information Re-
sources on page 27).



Legal, Ethical, and Public Health Considerations



Following are some considerations related to government regulation of
pesticides, ethical factors, and public health concerns that health care providers
should be aware of in assessing a possible pesticide exposure.



Reporting Requirements
When evaluating a patient with a pesticide-related medical condition, it



is important to understand the state-specific reporting requirements for the
workers’ compensation system (if there has been an occupational exposure)
or surveillance system. Reporting a workers’ compensation case can have
significant implications for the worker being evaluated. If the clinician is not
familiar with this system or is uncomfortable evaluating work-related health
events, it is important to seek an occupational medicine consultation or make
an appropriate referral.



At least six states have surveillance systems within their state health depart-
ments that cover both occupational and environmental pesticide poisonings: Cali-
fornia, Florida, New York, Oregon, Texas, and Washington. These surveillance
systems collect case reports on pesticide-related illness and injury from clinicians
and other sources; conduct selected interviews, field investigations, and research
projects; and function as a resource for pesticide information within their state. In
some states, as noted earlier, pesticide case reporting is legally mandated.



Regulatory Agencies
Since its formation in 1970, EPA has been the lead agency for the regula-



tion of pesticide use under the Federal Insecticide, Fungicide and Rodenticide
Act. EPA’s mandates include the registration of all pesticides used in the United
States, setting restricted entry intervals, specification and approval of label in-
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formation, and setting acceptable food and water tolerance levels. In addition,
EPA works in partnership with state and tribal agencies to implement two field
programs — the certification and training program for pesticide applicators
and the agricultural worker protection standard — to protect workers and
handlers from pesticide exposures. EPA sets national standards for certification
of over 1 million private and commercial pesticide applicators.



The authority to enforce EPA regulations is delegated to the states. For
example, calls concerning non-compliance with the worker protection stan-
dard can typically be made to the state agricultural department. In five states,
the department of the environment or other state agency has enforcement
authority. Anonymous calls can be made if workers anticipate possible retalia-
tory action by management. It should be noted that not all state departments of
agriculture have similar regulations. In California, for instance, employers are
required to obtain medical supervision and biological monitoring of agricul-
tural workers who apply pesticides containing cholinesterase-inhibiting com-
pounds. This requirement is not found in the federal regulations.



Outside the agricultural setting, the Occupational Safety and Health
Administration (OSHA) has jurisdiction over workplace exposures. All workers
involved in pesticide manufacturing would be covered by OSHA. OSHA sets
permissible exposure levels for selected pesticides. Approximately half the states
are covered by the federal OSHA; the rest have their own state-plan OSHA.
Individual state plans may choose to be more protective in setting their workplace
standards. Anonymous calls can also be made to either state-plan or federal
OSHA agencies.



For pesticide contamination in water, EPA sets enforceable maximum
containment levels. In food and drug-related outbreaks, EPA works jointly with
the Food and Drug Administration (FDA) and the U.S. Department of
Agriculture (USDA) to monitor and regulate pesticide residues and their
metabolites. Tolerance limits are established for many pesticides and their
metabolites in raw agricultural commodities.



In evaluating a patient with pesticide exposure, the clinician may need
to report a pesticide intoxication to the appropriate health and/or regulatory
agency.



Worker Protection Standard
EPA’s Worker Protection Standard (WPS) became fully effective in 1995.



The intent of the regulation is to eliminate or reduce pesticide exposure, mitigate
exposures that occur, and inform agricultural workers about the hazards of
pesticides. The WPS applies to two types of workers in the farm, greenhouse,
nursery, and forest industries: (1) agricultural pesticide handlers (mixer, loader,
applicator, equipment cleaner or repair person, and flagger), and (2) field workers
(cultivator or harvester).



The WPS includes requirements that agricultural employers notify workers
about pesticide treatments in advance, offer basic pesticide safety training, provide
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personal protective equipment for direct work with pesticides, and observe
restricted entry interval (REI) times. (The REI is a required waiting period before
workers can return to areas treated with pesticides.) Of special interest to health
care providers, the WPS also requires agricultural employers to:



• Post an emergency medical facility address and phone number in a
central location.



• Arrange immediate transport from the agricultural establishment to
a medical facility for a pesticide-affected worker.



• Supply the affected worker and medical personnel with product name,
EPA registration number, active ingredient, label medical information,
a description of how the pesticide was used, and exposure information.



Ethical Considerations
Attempts to investigate an occupational pesticide exposure may call for ob-



taining further information from the worksite manager or owner. Any contact
with the worksite should be taken in consultation with the patient because of the
potential for retaliatory actions (such as loss of job or pay cuts). Ideally, a request
for a workplace visit or more information about pesticide exposure at the work-
place will occur with the patient’s agreement. In situations where the health
hazard is substantial and many individuals might be affected, a call to a state
pesticide surveillance system (if available), agricultural health and safety center (if
nearby), can provide the National Institute for Occupational Safety and Health
(NIOSH) or state agricultural agency the assistance needed for a disease out-
break investigation.



Similarly, the discovery of pesticide contamination in a residence, school,
daycare setting, food product, or other environmental site or product can have
public health, financial, and legal consequences for the patient and other indi-
viduals (e.g., building owner, school district, food producer). It is prudent to
discuss these situations and follow-up options with the patient as well as a knowl-
edgeable environmental health specialist and appropriate state or local agencies.



Public Health Considerations
Health care providers are often the first to identify a sentinel health event that



upon further investigation develops into a full-blown disease outbreak. A disease
outbreak is defined as a statistically elevated rate of disease among a well-defined
population as compared to a standard population. For example,  complaints about
infertility problems among workers at a dibromochloropropane (DBCP) manufac-
turing plant in California led to diagnoses of azoospermia (lack of sperm) or oli-
gospermia (decreased sperm count) among a handful of otherwise healthy young
men working at the plant.7 An eventual disease outbreak investigation resulted in the
first published report of a male reproductive toxicant in the workplace. At the time,
DBCP was used as a nematocide; it has since been banned in the United States.



Disease outbreak investigations are conducted for all kinds of exposures
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and health events, not only those in the occupational and environmental area.
Usually, assistance from government or university experts is needed in the in-
vestigation, which may require access to information, expertise, and resources
beyond that available to the average clinician. The steps involved in such an
investigation and the types of information typically gathered in the preliminary
clinical stages are outlined below. The clinician must be aware that an outbreak
investigation may be needed when a severe and widespread exposure and dis-
ease scenario exists. For more information on disease outbreak investigations,
consult the literature.8, 9



STEPS IN INVESTIGATING A DISEASE OUTBREAK



• Confirm diagnosis of initial case reports (the “index” cases)



• Identify other unrecognized cases



• Establish a case definition



• Characterize cases by person, place, and time characteristics (e.g., age, race, ethnicity, gen-
der, location within a company or a neighborhood, timeline of exposure and health events)



• Create plot of case incidence by time (an epidemic curve)



• Determine if a dose-response relationship exists (i.e., more severe clinical case presen-
tation for individuals with higher exposures)



• Derive an attack rate and determine if statistical significance is achieved (divide num-
ber of incident cases by number of exposed individuals and multiply by 100 to obtain
attack rate percentage)



Information Resources



Government Agencies:



EPA Office of Pesticide Programs
Overall pesticide regulation with special programs on agricultural workers and
pesticide applicators. Specific programs include the promotion of the reduc-
tion of pesticide use, establishment of tolerance levels for food, and investiga-
tion of pesticide releases and exposure events.



Address: EPA – Office of Pesticide Programs
401 M Street SW (7501C)
Washington, DC 20460



Telephone: 703-305-7090
Web site: www.epa.gov/pesticides



EPA – Certification and Worker Protection Branch
Within the Office of Pesticide Programs, the Certification and Worker Protec-
tion Branch addresses worker-related pesticide issues and pesticide applicator
certification activities. Special emphasis is placed on the adequate training of
farm workers, pesticide applicators, and health care providers. Various training
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materials in several languages are available.



Address: EPA – OPP
401 M Street SW (7506C)
Washington, DC 20460



Telephone: 703-305-7666
Web site: www.epa.gov/pesticides/safety



Occupational Safety and Health Administration (OSHA)
More than 100 million workers and 6.5 million employers are covered under
the Occupational Safety and Health Act, which covers workers in pesticide
manufacturing as well as other industries. OSHA and its state partners have
approximately 2100 inspectors, plus investigators, standards writers, educators,
physicians, and other staff in over 200 offices across the country. OSHA sets
protective workplace standards, enforces the standards, and offers employers
and employees technical assistance and consultation programs. Note that some
states have their own OSHA plan.



Address: OSHA – US DOL
Room N3647
Constitution Ave NW
Washington, DC 20210



Telephone: 202-219-8021
Web site: www.osha.gov



Food and Drug Administration (FDA)
Drug and food pesticide issues.
Address: FDA



National Center for Toxicological Research
5600 Fishers Lane
Rockville, MD 20857



Telephone: 301-443-3170
Internet: gopher.nctr.fda.gov



USDA Extension Service
USDA’s Extension Service works with its university partners, the state land-
grant system, to provide farmers and ranchers information to reduce and
prevent agricultural-related work incidents. The Pesticide Applicator Training
program trains applicators in the safe use of pesticides and coordinates
pesticide-related safety training programs.



Address: USDA
14th & Independence SW
Washington, DC 20250



Telephone: 202-720-2791
Web site: www.reeusda.gov
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National Center for Environmental Health (NCEH),
Centers for Disease Control (CDC)
NCEH provides expertise in environmental pesticide case surveillance and dis-
ease outbreak investigations.



Address: NCEH, CDC
Mailstop F29
4770 Buford Highway NE
Atlanta, GA 30341



Tel: 770-488-7030
Web site: www.cdc.gov/nceh/ncehhome.htm



National Institute for Occupational Safety and Health (NIOSH),
Centers for Disease Control (CDC)
NIOSH is the federal agency responsible for conducting research on occupational
disease and injury. NIOSH may investigate potentially hazardous working condi-
tions upon request, makes recommendations on preventing workplace disease and
injury, and provides training to occupational safety and health professionals.



Address: NIOSH
Humphrey Building, Room 715H
200 Independence Ave SW
Washington, DC 20201



Hotline: 1-800-356-4674
Web site: www.cdc.gov/niosh/homepage.html



NIOSH Agricultural Health and Safety Centers
NIOSH has funded eight Agricultural Health and Safety Centers throughout
the country which involve clinicians and other health specialists in the area of
pesticide-related illness and injury. The NIOSH-supported centers are:



University of California Agricultural
Health and Safety Center
Old Davis Road
University of California
Davis, CA 95616
Tel: 916-752-4050



High Plains Intermountain Center
for Agricultural Health and Safety
Colorado State University
Fort Collins, CO 80523
Tel: 970-491-6152



Great Plains Center for Agricultural
Health
University of Iowa
Iowa City, IA 52242
Tel: 319-335-4415



Southeast Center for Agricultural
Health and Injury Prevention
University of Kentucky
Department of Preventive Medicine
Lexington, KY 40536
Tel: 606-323-6836
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Non-Governmental Organizations:



National Pesticide Telecommunications Network
The National Pesticide Telecommunications Network (NPTN) is based at
Oregon State University and is cooperatively sponsored by the University and
EPA. NPTN serves as a source of objective, science-based pesticide informa-
tion on a wide range of pesticide-related topics, such as recognition and man-
agement of pesticide poisonings, safety information, health and environmental
effects, referrals for investigation of pesticide incidents and emergency treat-
ment for both humans and animals, and cleanup and disposal procedures.



A toll-free telephone service provides pesticide information to callers in
the continental United States, Puerto Rico, and the Virgin Islands. Additionally,
pesticide questions and comments can be sent to an e-mail address. The Web
site has links to other sites and databases for further information.



NPTN hotline: 1-800-858-7378
Hours of operation: 9:30 am – 7:30 pm E.S.T. daily except holidays
Web site: http://ace.orst.edu/info/nptn/
E-mail address: nptn@ace.orst.edu



Farmworker Justice Fund
The Farmworker Justice Fund can provide an appropriate referral to a network of
legal services and nonprofit groups which represent farmworkers for free.



Address: Farmworker Justice Fund
1111 19th Street, NW, Suite 1000
Washington, DC 20036



Telephone: 202-776-1757
E-mail address: fjf@nclr.org



Northeast Center for Agricultural
and Occupational Health
One Atwell Road
Cooperstown, NY 13326
Tel: 607-547-6023



Southwest Center for Agricultural
Health, Injury and Education
University of Texas
Health Center at Tyler
PO Box 2003
Tyler, TX 75710
Tel: 903-877-5896



Pacific Northwest Agricultural Safety
and Health Center
University of Washington
Department of Environmental Health
Seattle, WA 98195
Tel: 206-543-0916



Midwest Center for Agricultural
Research, Education and Disease and
Injury Prevention
National Farm Medicine Center
Marshfield, WI 54449-5790
Tel: 715-389-3415
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American Farm Bureau Federation
The AFBF is the nation’s largest general farm organization. Information on how
to contact individual state-based farm bureaus is available on their Web site.



Web site: www.fb.com



Association of Occupational and Environmental Clinics (AOEC)
This association is a network of 63 clinics representing more than 250 specialists.



Address: AOEC
1010 Vermont Ave, NW, Suite 513
Washington, DC 20005



Telephone: 202-347-4976
Web site: http://152.3.65.120/oem/aoec.htm



Poison Control Centers
For a list of state and regional poison control centers, or the nearest location,
consult the NPTN Web site (http://ace.orst.edu/info/nptn).



Pesticide Information Databases:



Extension Toxicology Network (EXTOXNET)
http://ace.ace.orst.edu/info/extoxnet
The Extension Service’s Toxicology Network, EXTOXNET, provides science-
based information about pesticides to health care providers treating pesticide-
related health concerns. Pesticide toxicological information is developed
cooperatively by the University of California-Davis, Oregon State University,
Michigan State University, Cornell University, and the University of Idaho.



IRIS
www.epa.gov/ngispgm3/iris
The Integrated Risk Information System – IRIS – is an electronic database, main-
tained by EPA, on human health effects that may result from exposure to various
chemicals in the environment. IRIS is intended for those without extensive training
in toxicology, but with some knowledge of health sciences. It provides hazard iden-
tification and dose-response assessment information. Combined with specific expo-
sure information, the data in IRIS can be used for characterization of the public
health risks of a chemical in a particular situation that can lead to a risk management
decision designed to protect public health. Extensive supporting documentation
available online.
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Agency for Toxic Substances and Disease Registry
http://atsdr1.atsdr.cdc.gov:8080/toxfaq.html
ATSDR (part of the Department of Human Health and Services) publishes
fact sheets and other information on pesticides and other toxic substances.



California Pesticide Databases
http://www.cdpr.ca.gov/docs/database/database.htm
Includes Pesticidal Chemical Ingredients Queries, links to EPA’s Officeof Pesticide
Programs chemical dictionary, Product/Label Database Queries (updated nightly),
a current listing of California’s Section 18 Emergency Exemptions, and more.
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CHAPTER 4



Organophosphate Insecticides



Since the removal of organochlorine insecticides from use, organophosphate
insecticides have become the most widely used insecticides available today. More
than forty of them are currently registered for use and all run the risk of acute
and subacute toxicity. Organophosphates are used in agriculture, in the home,
in gardens, and in veterinary practice. All apparently share a common mecha-
nism of cholinesterase inhibition and can cause similar symptoms. Because they
share this mechanism, exposure to the same organophosphate by multiple routes
or to multiple organophosphates by multiple routes can lead to serious additive
toxicity. It is important to understand, however, that there is a wide range of
toxicity in these agents and wide variation in cutaneous absorption, making
specific identification and management quite important.



Toxicology



Organophosphates poison insects and mammals primarily by phosphory-
lation of the acetylcholinesterase enzyme (AChE) at nerve endings. The result
is a loss of available AChE so that the effector organ becomes overstimulated by
the excess acetylcholine (ACh, the impulse-transmitting substance) in the nerve
ending. The enzyme is critical to normal control of nerve impulse transmission
from nerve fibers to smooth and skeletal muscle cells, glandular cells, and
autonomic ganglia, as well as within the central nervous system (CNS). Some
critical proportion of the tissue enzyme mass must be inactivated by phospho-
rylation before symptoms and signs of poisoning become manifest.



At sufficient dosage, loss of enzyme function allows accumulation of ACh
peripherally at cholinergic neuroeffector junctions (muscarinic effects), skeletal
nerve-muscle junctions, and autonomic ganglia (nicotinic effects), as well as
centrally. At cholinergic nerve junctions with smooth muscle and gland cells,
high ACh concentration causes muscle contraction and secretion, respectively.
At skeletal muscle junctions, excess ACh may be excitatory (cause muscle twitch-
ing), but may also weaken or paralyze the cell by depolarizing the end-plate. In
the CNS, high ACh concentrations cause sensory and behavioral disturbances,
incoordination, depressed motor function, and respiratory depression. Increased
pulmonary secretions coupled with respiratory failure are the usual causes of
death from organophosphate poisoning. Recovery depends ultimately on gen-
eration of new enzyme in all critical tissues.



HIGHLIGHTS



• Acts through
phosphorylation of the
acetylcholinesterase enzyme
at nerve endings



• Absorbed by inhalation,
ingestion, and skin
penetration



• Muscarinic, nicotinic & CNS
effects



Signs and Symptoms:



• Headache, hypersecretion,
muscle twitching, nausea,
diarrhea



• Respiratory depression,
seizures, loss of
consciousness



• Miosis is often a helpful
diagnostic sign



Treatment:



• Clear airway, improve tissue
oxygenation



• Administer atropine sulfate
intravenously



• Pralidoxime may be
indicated



• Proceed concurrently with
decontamination



Contraindicated:



• Morphine, succinylcholine,
theophylline,
phenothiazines, reserpine
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acephate
Orthene



azinphos-methyl+



Gusathion
Guthion



bensulide
Betasan
Lescosan



bomyl+



Swat
bromophos



Nexion
bromophos-ethyl



Nexagan
cadusafos



Apache
Ebufos
Rugby



carbophenothion+



Trithion
chlorethoxyfos



Fortress
chlorfenvinphos



Apachlor
Birlane



chlormephos+



Dotan
chlorphoxim



Baythion-C
chlorpyrifos



Brodan
Dursban
Lorsban



chlorthiophos+



Celathion
coumaphos+



Asuntol
Co-Ral



crotoxyphos
Ciodrin
Cypona



crufomate
Ruelene



cyanofenphos+



Surecide
cyanophos



Cyanox
cythioate



Cyflee
Proban



DEF
De-Green
E-Z-Off D



demeton+



systox
demeton-S-methyl



Duratox
MetasystoxI



dialifor+



Torak
diazinon
dichlorofenthion



VC-13 Nemacide
dichlorvos



DDVP
Vapona



dicrotophos+



Bidrin
dimefos+



Hanane
Pestox XIV



dimethoate
Cygon
DeFend



dioxathion+



Delnav
disulfoton+



Disyston
ditalimfos
edifenphos
endothion+



EPBP
S-Seven



EPN+



ethion
Ethanox



ethoprop
Mocap



ethyl parathion+



E605
Parathion
thiophos



etrimfos
Ekamet



famphur+



Bash
Bo-Ana
Famfos



fenamiphos+



Nemacur
fenitrothion



Accothion
Agrothion
Sumithion



fenophosphon+



Agritox
trichloronate



fensulfothion+



Dasanit
fenthion



Baytex
Entex
Tiguvon



fonofos+



Dyfonate
N-2790



formothion
Anthio



fosthietan+



Nem-A-Tak
heptenophos



Hostaquick
hiometon



Ekatin



hosalone
Zolone



IBP
Kitazin



iodofenphos
Nuvanol-N



isazofos
Brace
Miral
Triumph



isofenphos+



Amaze
Oftanol



isoxathion
E-48
Karphos



leptophos
Phosvel



malathion
Cythion



mephosfolan+



Cytrolane
merphos



Easy off-D
Folex



methamidophos+



Monitor
methidathion+



Supracide
Ultracide



methyl parathion+



E 601
Penncap-M



methyl trithion
mevinphos+



Duraphos
Phosdrin



mipafox+



Isopestox
Pestox XV



monocrotophos+



Azodrin
naled



Dibrom
oxydemeton-methyl



Metasystox-R
oxydeprofos



Metasystox-S
phencapton



G 28029
phenthoate



dimephenthoate
Phenthoate



phorate+



Rampart
Thimet



phosalone
Azofene
Zolone



phosfolan+



Cylan
Cyolane



phosmet
Imidan
Prolate



phosphamidon+



Dimecron
phostebupirim



Aztec
phoxim



 Baythion
pirimiphos-ethyl



Primicid
pirimiphos-methyl



Actellic
profenofos



Curacron
propetamphos



Safrotin
propyl thiopyro-
phosphate+



Aspon
prothoate



Fac
pyrazophos



Afugan
Curamil



pyridaphenthion
Ofunack



quinalphos
Bayrusil



ronnel
Fenchlorphos
Korlan



schradan+



OMPA
sulfotep+



Bladafum
Dithione
Thiotepp



sulprofos
Bolstar
Helothion



temephos
Abate
Abathion



terbufos
Contraven
Counter



tetrachlorvinphos
Gardona
Rabon



tetraethyl pyrophos-
phate+



TEPP
triazophos



Hostathion
trichlorfon



Dipterex
Dylox
Neguvon
Proxol



COMMERCIAL PRODUCTS



+ Indicates high toxicity. Highly
toxic organophosphates have
listed oral LD50 values (rat) less
than or equal to 50 mg/kg body
weight. Most other organo-
phosphates included in this table
are considered moderately toxic,
with LD50 values in excess of 50
mg/kg and less than 500 mg/kg.
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Organophosphates are efficiently absorbed by inhalation, ingestion, and skin
penetration. There is considerable variation in the relative absorption by these
various routes. For instance, the oral LD



50
 of parathion in rats is between 3-8 mg/



kg, which is quite toxic,1,2 and essentially equivalent to dermal absorption with
an LD50 of 8 mg/kg.2 On the other hand, the toxicity of phosalone is much
lower from the dermal route than the oral route, with rat LD



50
s of 1500 mg/kg



and 120 mg/kg, respectively.2 In general, the highly toxic agents are more likely
to have high-order dermal toxicity than the moderately toxic agents.



Chemical Classes: To some degree, the occurrence of poisoning depends
on the rate at which the pesticide is absorbed. Breakdown occurs chiefly by
hydrolysis in the liver; rates of hydrolysis vary widely from one compound to
another. In the case of certain organophosphates whose breakdown is relatively
slow, significant temporary storage in body fat may occur. Some organophos-
phates such as diazinon and methyl parathion have significant lipid solubility,
allowing fat storage with delayed toxicity due to late release.3 Delayed toxicity
may also occur atypically with other organophosphates, specifically
dichlorofenthion and demeton-methyl.4 Many organothiophosphates readily
undergo conversion from thions (P=S) to oxons (P=O). Conversion occurs in
the environment under the influence of oxygen and light, and in the body,
chiefly by the action of liver microsomes. Oxons are much more toxic than
thions, but oxons break down more readily. Ultimately, both thions and oxons
are hydrolyzed at the ester linkage, yielding alkyl phosphates and leaving groups,
both of which are of relatively low toxicity.  They are either excreted or further
transformed in the body before excretion.



The distinction between the different chemical classes becomes important
when the physician interprets tests from reference laboratories. This can be espe-
cially important when the lab analyzes for the parent compound (i.e., chlorpyrifos
in its thiophosphate form) instead of the metabolite form (chlorpyrifos will be
completely metabolized to the oxon after the first pass through the liver).



Within one or two days of initial organophosphate binding to AChE, some
phosphorylated acetylcholinesterase enzyme can be de-phosphorylated (reac-
tivated) by the oxime antidote pralidoxime. As time progresses, the enzyme-
phosphoryl bond is strengthened by loss of one alkyl group from the phosphoryl
adduct, a process called aging. Pralidoxime reactivation is therefore no longer
possible after a couple of days,5 although in some cases, improvement has still
been seen with pralidoxime administration days after exposure.6



OPIDN: Rarely, certain organophosphates have caused a different kind of
neurotoxicity consisting of damage to the afferent fibers of peripheral and cen-
tral nerves and associated with inhibition of  “neuropathy target esterase” (NTE).
This delayed syndrome has been termed organophosphate-induced delayed
neuropathy (OPIDN), and is manifested chiefly by weakness or paralysis and
paresthesia of the extremities.7 OPIDN predominantly affects the legs and may
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persist for weeks to years. These rare occurrences have been found shortly after
an acute and often massive exposure, but in some cases, symptoms have per-
sisted for months to years. Only a few of the many organophosphates used as
pesticides have been implicated as causes of delayed neuropathy in humans.
EPA guidelines require that organophosphate and carbamate compounds which
are candidate pesticides be tested in susceptible animal species for this neuro-
toxic property.



Three epidemiologic studies with an exposed group and a control group
also suggest that a proportion of patients acutely poisoned from any organo-
phosphate can experience some long-term neuropsychiatric sequelae. The
findings show significantly worse performance on a battery of neurobehavioral
tests, including memory, concentration, and mood, and compound-specific
peripheral neuropathy in some cases. These findings are subtle and may some-
times be picked up only on neuropsychologic testing rather than on a neuro-
logic exam.8-10 Follow-ups of case series have occasionally found some
individuals reporting persistent headaches, blurred vision, muscle weakness,
depression, memory and concentration problems, irritability, and/or develop-
ment of intolerance to selected chemical odors.11-15



Intermediate Syndrome: In addition to acute poisoning episodes and
OPIDN, an intermediate syndrome has been described. This syndrome occurs
after resolution of the acute cholinergic crisis, generally 24-96 hours after ex-
posure. It is characterized by acute respiratory paresis and muscular weakness,
primarily in the facial, neck, and proximal limb muscles. In addition, it is often
accompanied by cranial nerve palsies and depressed tendon reflexes. Like OPIDN,
this syndrome lacks muscarinic symptomatology, and appears to result from a
combined pre- and post-synaptic dysfunction of neuromuscular transmission.
Symptoms do not respond well to atropine and oximes; therefore treatment is
mainly supportive.16,17 The most common compounds involved in this syn-
drome are methyl parathion, fenthion, and dimethoate, although one case with
ethyl parathion was also observed.17



Other specific properties of individual organophosphates may render them
more hazardous than basic toxicity data suggest. By-products can develop in long-
stored malathion which strongly inhibit the hepatic enzymes operative in malathion
degradation, thus enhancing its toxicity. Certain organophosphates are exception-
ally prone to storage in fat tissue, prolonging the need for antidote for several days
as stored pesticide is released back into the circulation.  Animal studies have demon-
strated potentiation of effect when two or more organophosphates are absorbed
simultaneously; enzymes critical to the degradation of one are inhibited by the
other.  Animal studies have also demonstrated a protective effect from phenobar-
bital which induces hepatic degradation of the pesticide.1 Degradation of some
compounds to a trimethyl phosphate can cause restrictive lung disease.18
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Signs and Symptoms of Poisoning



Symptoms of acute organophosphate poisoning develop during or after
exposure, within minutes to hours, depending on the method of contact. Ex-
posure by inhalation results in the fastest appearance of toxic symptoms, fol-
lowed by the gastrointestinal route and finally the dermal route. All signs and
symptoms are cholinergic in nature and affect muscarinic, nicotinic, and central
nervous system receptors.5 The critical symptoms in management are the respi-
ratory symptoms. Sufficient muscular fasciculations and weakness are often
observed as to require respiratory support; respiratory arrest can occur sud-
denly. Likewise, bronchorrhea and bronchospasm may often impede efforts at
adequate oxygenation of the patient.



Bronchospasm and bronchorrhea can occur, producing tightness in the
chest, wheezing, productive cough, and pulmonary edema. A life threatening
severity of poisoning is signified by loss of consciousness, incontinence, con-
vulsions, and respiratory depression. The primary cause of death is respiratory
failure, and there usually is a secondary cardiovascular component. The classic
cardiovascular sign is bradycardia which can progress to sinus arrest. However,
this may be superseded by tachycardia and hypertension from nicotinic (sym-
pathetic ganglia) stimulation.19 Toxic myocardiopathy has been a prominent
feature of some severe organophosphate poisonings.



Some of the most commonly reported early symptoms include headache,
nausea, dizziness, and hypersecretion, the latter of which is manifested by sweat-
ing, salivation, lacrimation, and rhinorrhea. Muscle twitching, weakness, tremor,
incoordination, vomiting, abdominal cramps, and diarrhea all signal worsening of
the poisoned state. Miosis is often a helpful diagnostic sign and the patient may
report blurred and/or dark vision. Anxiety and restlessness are prominent, as are a
few reports of choreaform movements. Psychiatric symptoms including depres-
sion, memory loss, and confusion have been reported. Toxic psychosis, manifested
as confusion or bizarre behavior, has been misdiagnosed as alcohol intoxication.



Children will often present with a slightly different clinical picture than adults.
Some of the typical cholinergic signs of bradycardia, muscular fasciculations, lac-
rimation, and sweating were less common. Seizures (22%-25%) and mental status
changes including lethargy and coma (54%-96%) were common.20, 21 In com-
parison, only 2-3% of adults present with seizures. Other common presenting
signs in children include flaccid muscle weakness, miosis, and excessive salivation.
In one study, 80% of cases were transferred with the wrong preliminary diagno-
sis.20 In a second study, 88% of the parents initially denied any exposure history. 21



See the preceding Toxicology section for information regarding the fea-
tures of the intermediate syndrome and OPIDN.











ORGANOPHOSPHATES  •  39



Confirmation of Poisoning



If poisoning is probable, treat the patient immediately. Do not wait
for laboratory confirmation.



Blood samples should be drawn to measure plasma pseudocholinesterase
and red blood cell AChE levels. Depressions of plasma pseudocholinesterase
and/or RBC acetylcholinersterase enzyme activities are generally available bio-
chemical indicators of excessive organophosphate absorption. Certain organo-



APPROXIMATE LOWER LIMITS OF NORMAL PLASMA
AND RED CELL CHOLINESTERASE ACTIVITIES IN HUMANS*



Methods Plasma RBC Blood Whole units



pH (Michel) 0.45 0.55 ∆pH per mL per hr



pH Stat (Nabb-Whitfield) 2.3 8.0 µM per mL per min



BMC Reagent Set
(Ellman-Boehringer) 1,875 3,000 mU per mL per min



Dupont ACA <8 Units per mL



Garry-Routh (Micro) Male 7.8 µM-SH per 3mL per min
Female 5.8



Technicon 2.0 8.0 µM per mL per min



* Because measurement technique varies among laboratories, more accurate estimates of
minimum normal values are usually provided by individual laboratories.



phosphates may selectively inhibit either plasma pseudocholinesterase or RBC
acetylcholinesterase.22 A minimum amount of organophosphate must be ab-
sorbed to depress blood cholinesterase activities, but enzyme activities, espe-
cially plasma pseudocholinesterase, may be lowered by dosages considerably
less than are required to cause symptomatic poisoning. The enzyme depression
is usually apparent within a few minutes or hours of significant absorption of
organophosphate. Depression of the plasma enzyme generally persists several
days to a few weeks. The RBC enzyme activity may not reach its minimum for
several days, and usually remains depressed longer, sometimes 1-3 months, until
new enzyme replaces that inactivated by organophosphate. The above table
lists approximate lower limits of normal plasma and RBC cholinesterase activi-
ties of human blood, measured by several methods. Lower levels usually in-
dicate excessive absorption of a cholinesterase-inhibiting chemical.
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In certain conditions, the activities of plasma and RBC cholinesterase are
depressed in the absence of chemical inhibition. About 3% of individuals have
a genetically determined low level of plasma pseudocholinesterase. These
persons are particularly vulnerable to the action of the muscle-paralyzing drug
succinylcholine (often administered to surgical patients), but not to organo-
phosphates. Patients with hepatitis, cirrhosis, malnutrition, chronic alcoholism,
and dermatomyositis exhibit low plasma cholinesterase activities. A number of
toxicants, notably cocaine, carbon disulfide, benzalkonium salts, organic mer-
cury compounds, ciguatoxins, and solanines may reduce plasma pseudocho-
linesterase activity. Early pregnancy, birth control pills, and metoclopramide
may also cause some depression. The RBC acetylcholinesterase is less likely
than the plasma enzyme to be affected by factors other than organophosphates.
It is, however, reduced in certain rare conditions that damage the red cell mem-
brane, such as hemolytic anemia.



The alkyl phosphates and phenols to which organophosphates are hydro-
lyzed in the body can often be detected in the urine during pesticide absorp-
tion and up to about 48 hours thereafter. These analyses are sometimes useful in
identifying and quantifying the actual pesticide to which workers have been
exposed. Urinary alkyl phosphate and phenol analyses can demonstrate orga-
nophosphate absorption at lower dosages than those required to depress cho-
linesterase activities and at much lower dosages than those required to produce
symptoms and signs. Their presence may simply be a result of organophos-
phates in the food chain.



Detection of intact organophosphates in the blood is usually not possible
except during or soon after absorption of a substantial amount. In general,
organophosphates do not remain unhydrolyzed in the blood for more than a
few minutes or hours, unless the quantity absorbed is large or the hydrolyzing
liver enzymes are inhibited.



Treatment



Caution: Persons attending the victim should avoid direct contact with heavily contami-
nated clothing and vomitus. Wear rubber gloves while washing pesticide from skin and
hair. Vinyl gloves provide no protection.



1. Airway protection. Ensure that a clear airway exists. Intubate the patient
and aspirate the secretions with a large-bore suction device if necessary.
Administer oxygen by mechanically assisted pulmonary ventilation if respiration
is depressed. Improve tissue oxygenation as much as possible before
administering atropine, so as to minimize the risk of ventricular
fibrillation. In severe poisonings, it may be necessary to support pulmonary
ventilation mechanically for several days.
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2. Atropine sulfate. Administer atropine sulfate intravenously, or intramuscu-
larly if intravenous injection is not possible. Remember that atropine can be
administered through an endotracheal tube if initial IV access is difficult to
obtain. Depending on the severity of poisoning, doses of atropine ranging from
very low to as high as 300 mg per day may be required,23 or even continuous
infusion.24,25 (See dosage on next page.)



The objective of atropine antidotal therapy is to antagonize the effects of
excessive concentrations of acetylcholine at end-organs having muscarinic re-
ceptors. Atropine does not reactivate the cholinesterase enzyme or accelerate
disposition of organophosphate. Recrudescence of poisoning may occur if tis-
sue concentrations of organophosphate remain high when the effect of atro-
pine wears off. Atropine is effective against muscarinic manifestations, but it is
ineffective against nicotinic actions, specifically muscle weakness and twitch-
ing, and respiratory depression.



Despite these limitations, atropine is often a life-saving agent in organophos-
phate poisonings. Favorable response to a test dose of atropine (1 mg in adults,
0.01 mg/kg in children under 12 years) can help differentiate poisoning by anti-
cholinesterase agents from other conditions. However, lack of response, with no
evidence of atropinization (atropine refractoriness) is typical of more severe poi-
sonings. The adjunctive use of nebulized atropine has been reported to improve
respiratory distress, decrease bronchial secretions, and increase oxygenation.26



3. Glycopyrolate has been studied as an alternative to atropine and found to
have similar outcomes using continuous infusion. Ampules of 7.5 mg of
glycopyrolate were added to 200 mL of saline and this infusion was titrated to the
desired effects of dry mucous membranes and heart rate above 60 beats/min.
During this study, atropine was used as a bolus for a heart rate less than 60 beats/
min. The other apparent advantage to this regimen was a decreased number of
respiratory infections. This may represent an alternative when there is a concern
for respiratory infection due to excessive and difficult to control secretions, and in
the presence of altered level of consciousness where the distinction between
atropine toxicity or relapse of organophosphate poisoning is unclear.27



4. Pralidoxime. Before administration of pralidoxime, draw a blood sample
(heparinized) for cholinesterase analysis (since pralidoxime tends to reverse the
cholinesterase depression). Administer pralidoxime (Protopam, 2-PAM) a cho-
linesterase reactivator, in cases of severe poisoning by organophosphate pesti-
cides in which respiratory depression, muscle weakness, and/or twitching are
severe. (See dosage table on page 43.) When administered early (usually less
than 48 hours after poisoning), pralidoxime relieves the nicotinic as well as the
muscarinic effects of poisoning. Pralidoxime works by reactivating the cho-
linesterase and also by slowing the “aging” process of phosphorylated cho-
linesterase to a non-reactivatable form.



Note: Pralidoxime is of limited value and may actually be hazardous in poi-
sonings by the cholinesterase-inhibiting carbamate compounds (see Chapter 5).
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Dosage of Atropine:



In moderately severe poisoning (hypersecretion and other end-organ
manifestations without central nervous system depression), the follow-
ing dosage schedules have been used:



• Adults and children over 12 years: 2.0-4.0 mg, repeated every 15 min-
utes until pulmonary secretions are controlled, which may be ac-
companied by other signs of atropinization, including flushing, dry
mouth, dilated pupils, and tachycardia (pulse of 140 per minute).
Warning: In cases of ingestion of liquid concentrates of organo-
phosphate pesticides, hydrocarbon aspiration may complicate these
poisonings. Pulmonary edema and poor oxygenation in these cases
will not respond to atropine and should be treated as a case of acute
respiratory distress syndrome.



• Children under 12 years: 0.05-0.1 mg/kg body weight, repeated ev-
ery 15 minutes until atropinization is achieved. There is a minimum
dose of 0.1 mg in children. Maintain atropinization by repeated
doses based on recurrence of symptoms for 2-12 hours or longer
depending on severity of poisoning.



Maintain atropinization with repeated dosing as indicated by clinical
status. Crackles in the lung bases nearly always indicate inadequate
atropinization. Pulmonary improvement may not parallel other signs
of atropinization. Continuation of, or return of, cholinergic signs indi-
cates the need for more atropine. When symptoms are stable for as
much as six hours, the dosing may be decreased.



Severely poisoned individuals may exhibit remarkable tolerance to at-
ropine; two or more times the dosages suggested above may be needed.
The dose of atropine may be increased and the dosing interval de-
creased as needed to control symptoms. Continuous intravenous infu-
sion of atropine may be necessary when atropine requirements are
massive. The desired end-point is the reversal of muscarinic
symptoms and signs with improvement in pulmonary status
and oxygenation, without an arbitrary dose limit. Preservative-free
atropine products should be used whenever possible.



Note: Persons not poisoned or only slightly poisoned by organophos-
phates may develop signs of atropine toxicity from such large doses.
Fever, muscle fibrillations, and delirium are the main signs of atropine
toxicity. If these appear while the patient is fully atropinized, atropine
administration should be discontinued, at least temporarily, while the
severity of poisoning is reevaluated.
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Dosage of Pralidoxime:



• Adults and children over 12 years: 1.0-2.0 g by intravenous infusion at a
rate of no more than 0.2 g per minute. Slow administration of pralidoxime
is strongly recommended and may be achieved by administering the
total dose in 100 mL of normal saline over 30 minutes, or longer.



• Children under 12 years: 20-50 mg/kg body weight (depending on
severity of poisoning) intravenously, mixed in 100 mL of normal
saline and infused over 30 minutes.



Dosage of pralidoxime may be repeated in 1-2 hours, then at 10-12 hour inter-
vals if needed. In very severe poisonings, dosage rates may be doubled. Repeated
doses of pralidoxime are usually required. In cases that involve continuing ab-
sorption of organophosphate (as after ingestion of large amount), or continuing
transfer of highly lipophilic organophosphate from fat into blood, it may be nec-
essary to continue administration of pralidoxime for several days beyond the 48
hour post-exposure interval usually cited as the limit of its effectiveness. Pralidoxime
may also be given as a continuous infusion of approximately 500 mg/hour based
on animal case studies and adult patient reports.28,29



Blood pressure should be monitored during administration because of the
occasional occurrence of hypertensive crisis. Administration should be slowed
or stopped if blood pressure rises to hazardous levels. Be prepared to assist
pulmonary ventilation mechanically if respiration is depressed during or after
pralidoxime administration. If intravenous injection is not possible, pralidoxime
may be given by deep intramuscular injection.



5. Skin decontamination. In patients who have been poisoned by organo-
phosphate contamination of skin, clothing, hair, and/or eyes, decontamination
must proceed concurrently with whatever resuscitative and antidotal measures
are necessary to preserve life. Flush the chemical from the eyes with copious
amounts of clean water. If no symptoms are evident in a patient who remains
alert and physically stable, a prompt shower and shampoo may be appropriate,
provided the patient is carefully observed to insure against any sudden appear-
ance of poisoning. If there are any indications of weakness, ataxia, or other
neurologic impairment, clothing should be removed and a complete bath and
shampoo given while the victim is recumbent, using copious amounts of soap
and water. Attendants should wear rubber gloves as vinyl provides no protec-
tion against skin absorption. Surgical green soap is excellent for this purpose,
but ordinary soap is about as good. Wash the chemical from skin folds and from
under fingernails.
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Contaminated clothing should be promptly removed, bagged, and laundered
before returning. Contaminated leather shoes should be discarded. Note that the
pesticide can contaminate the inside surfaces of gloves, boots, and headgear.



6. Gastrointestinal decontamination. If organophosphate has been ingested
in quantity probably sufficient to cause poisoning, consideration should be given
to gastrointestinal decontamination, as outlined in Chapter 2, General Prin-
ciples. If the patient has already vomited, which is most likely in serious expo-
sures, further efforts at GI decontamination may not be indicated. In significant
ingestions, diarrhea and/or vomiting are so constant that charcoal adsorption
and catharsis are not indicated.



7. Observation. Observe patient closely for at least 72 hours to ensure that
symptoms (sweating, visual disturbances, vomiting, diarrhea, chest and abdomi-
nal distress, and sometimes pulmonary edema) do not recur as atropinization is
withdrawn. In very severe poisonings by ingested organophosphates, particu-
larly the more lipophilic and slowly hydrolyzed compounds, metabolic dispo-
sition of toxicant may require as many as 5-14 days. In some cases, this slow
elimination may combine with profound cholinesterase inhibition to require
atropinization for several days or even weeks. As dosage is reduced, the lung
bases should be checked frequently for crackles. If crackles are heard, or if there
is a return of miosis, bradycardia, sweating, or other cholinergic signs, atropin-
ization must be re-established promptly.



8. Furosemide may be considered if pulmonary edema persists in the lungs
even after full atropinization. It should not be used until the maximum benefit of
atropine has been realized. Consult package insert for dosage and administration.



9. Pulmonary ventilation. Particularly in poisonings by large ingested doses
of organophosphate, monitor pulmonary ventilation carefully, even after recov-
ery from muscarinic symptomatology, to forestall respiratory failure. In some
cases, respiratory failure has developed several days following organophosphate
ingestion, and has persisted for days to weeks.



10. Hydrocarbon aspiration may complicate poisonings that involve inges-
tion of liquid concentrates of organophosphate pesticides. Pulmonary edema
and poor oxygenation in these cases will not respond to atropine and should be
treated as a case of acute respiratory distress syndrome.



11. Cardiopulmonary monitoring. In severely poisoned patients, monitor
cardiac status by continuous ECG recording. Some organophosphates have sig-
nificant cardiac toxicity.











ORGANOPHOSPHATES  •  45



12. Seizure control. Rarely, in severe organophosphate poisonings, convul-
sions occur despite therapy with atropine and pralidoxime. Insure that causes
unrelated to pesticide toxicity are not responsible: head trauma, cerebral anoxia,
or mixed poisoning. Drugs useful in controlling convulsions are discussed in
Chapter 2. The benzodiazepines (diazepam or lorazepam) are the agents of
choice as initial therapy.



13. Contraindications. The following drugs are contraindicated in nearly all
organophosphate poisoning cases: morphine, succinylcholine, theophylline,
phenothiazines, and reserpine. Adrenergic amines should be given only if there
is a specific indication, such as marked hypotension.



14. Re-exposures. Persons who have been clinically poisoned by organo-
phosphate pesticides should not be re-exposed to cholinesterase-inhibiting
chemicals until symptoms and signs have resolved completely and blood cho-
linesterase activities have returned to at least 80 percent of pre-poisoning levels.
If blood cholinesterase was not measured prior to poisoning, blood enzyme
activities should reach at least minimum normal levels (see table on page 39)
before the patient is returned to a pesticide-contaminated environment.



15. Do not administer atropine or pralidoxime prophylactically to workers
exposed to organophosphate pesticides. Prophylactic dosage with either atropine
or pralidoxime may mask early signs and symptoms of organophosphate poison-
ing and thus allow the worker to continue exposure and possibly progress to
more severe poisoning. Atropine itself may enhance the health hazards of the
agricultural work setting: impaired heat loss due to reduced sweating and im-
paired ability to operate mechanical equipment due to blurred vision.This can
be caused by mydriasis, one of the effects of atropine.



General Chemical Structure



R is usually either ethyl or methyl. The insecticides with a double bonded sulfur are
organothiophosphates, but are converted to organophosphates in the liver. Phosphonate
contains an alkyl (R-) in place of one alkoxy group (RO-). “X” is called the “leaving
group” and is the principal metabolite for a specific identification.











46  •  ORGANOPHOSPHATES



References



1. DuBois KP. The toxicity of organophosphorous compounds to mammals. Bull World Health
Organ 1971;44:233-40.



2. Pasquet J, Mazuret A, Fournel J, et al. Acute oral and percutaneous toxicity of phosalone in the
rat, in comparison with azinphosmethyl and parathion. Toxicol Appl Pharmacol 1976;37:85-92.



3. Garcia-Repetto R, Martinez D, and Repetto M. Coefficient of distribution of some organo-
phosphorus pesticides in rat tissue. Vet Hum Toxicol 1995;37:226-9.



4. Gallo MA and Lawryk NJ. Organic phosphorus pesticides. In: Haves WJ and Laws ER (eds),
Handbook of Pesticide Toxicology, vol 2, Classes of Pesticides. San Diego, CA: Academic
Press Inc., 1991.



5. Taylor P.  Anticholinesterase agents. In: Gilman AG and Goodman LS (eds),  The Pharmaco-
logical Basis of Therapeutics. New York: Macmillan Publishing Co. Inc.; 1985, pp.110-28.



6. De Kort WL, Kiestra SH, and Sangster B. The use of atropine and oximes in organophos-
phate intoxications: A modified approach. Clin Toxicol 1988;26:199-208.



7. Jamal JA. Neurological syndromes of organophosphorus compounds. Adverse Drug React
Toxicol Rev 1997;16(3):133-70.



8. Steenland K, Jenkins B, Ames RG, et al. Chronic neurological sequelae to organophosphate
poisoning. Am J Public Health 1994;84:731-6.



9. Savage E, Keefe T, Mounce L, et al. Chronic neurological sequelae of acute organophosphate
pesticide poisoning. Arch Environ Health 1988;43:38-45.



10. Rosenstock L, Keifer M, Daniell W, et al. Chronic central nervous system effects of acute
organophosphate pesticide intoxication. Lancet 1991;338:223-7.



11. Gershon S and Shaw FH. Psychiatric sequelae of chronic exposure to organophosphorus
insecticides. Lancet 1961; 1:1371-4.



12. Metcalf DR and Holmes JH. EEG, psychological, and neurological alterations in humans
with organophosphorus exposure. Ann NY Acad Sci 1969;160:357-65.



13. Holmes JH and Gaon MD. Observations on acute and multiple exposure to anticholinest-
erase agents. Trans Am Clin Climatol Assoc 1957; 68:86-103.



14. Hirshberg A and Lerman Y. Clinical problems in organophosphate insecticide poisoning: The
use of a computerized information system. Fundam Appl Toxicol 1984; 4:S209-14.



15. Miller CS and Mitzel HC. Chemical sensitivity attributed to pesticide exposure versus re-
modeling. Arch Environ Health 1995; 50:119-29.



16. DeBleeker J, Willems J, Van Den Neucker K, et al. Prolonged toxicity with intermediate
syndrome after combined parathion and methyl parathion poisoning. Clin Toxicol
1992;30:333-45.



17. DeBleecker J, Van Den Neucker K, and Colardyn F. Intermediate syndrome in organo-
phosphorous poisoning: A prospective study. Crit Care Med 1993;21:1706-11.



18. Aldridge WN and Nemery B. Toxicology of trialkylphosphorothioates with particular
reference to lung toxicity. Fundam Appl Toxicol 1984; 4:S215-23.



19. Bardin PG, Van Eeden SF, Moolman JA, et al. Organophosphate and carbamate poisoning.
Arch Intern Med 1994;154:1433-41.



20. Zwiener RJ and Ginsburg CM. Organophosphate and carbamate poisoning in infants and
children. Pediatrics 1988;81:121-683.



21. Sofer S, Tal A, and Shahak E. Carbamate and organophosphate poisoning in early childhood.
Pediatr Emerg Care 1989;5(4):222-5.











ORGANOPHOSPHATES  •  47



22. Sullivan JB and Blose J. Organophosphate and carbamate insecticides. In: Sullivan JB and
Krieger GR (eds), Hazardous Materials Toxicology. Baltimore, MD: Williams and Wilkins,
1992,  pp. 1015-26.



23. Goswamy R, Chaudhuri A, and Mahashur AA. Study of respiratory failure in organophos-
phate and carbamate poisoning. Heart Lung 1994;23:466-72.



24. LeBlanc FN, Benson BE, and Gilg AD. A severe organophosphate poisoning requiring the
use of an atropine drip. Clin Toxicol 1986;24:69-76.



25. DuToit PW, Muller FO, Van Tonder WM, et al. Experience with the intensive care manage-
ment of organophosphate insecticide poisoning. S Afr Med J 1981;60:227-9.



26. Shockley LW. The use of inhaled nebulized atropine for the treatment of malathion poison-
ing. Clin Toxicol 1989;27:183-92.



27. Bardin PG and van Eeden SF. Organophosphate poisoning: Grading the severity and compar-
ing treatment between atropine and glycopyrrolate. Crit Care Med 1990;18:956-60.



28. Thompson DF, Thompson GD, Greenwood RB, et al. Therapeutic dosing of pralidoxime
chloride. Drug Intell Clin Pharm 1987;21:590-2.



29. Tush GM and Anstead MI. Pralidoxime continuous infusion in the treatment of organo-
phosphate poisoning. Ann Pharmacother 1997;31:441-4.











48  •  N-METHYL CARBAMATES



CHAPTER 5



N-Methyl Carbamate
Insecticides



N-Methyl carbamate insecticides are widely used in homes, gardens, and agri-
culture. They share with organophosphates the capacity to inhibit cholinest-
erase enzymes and therefore share similar symptomatology during acute and
chronic exposures. Likewise, exposure can occur by several routes in the same
individual due to multiple uses, and there is likely to be additive toxicity with
simultaneous exposure to organophosphates. However, due to the somewhat
different affinity for cholinesterases, as compared to organophosphates, these
poisonings are often somewhat easier to treat, as discussed later in this chapter.



Toxicology



The N-methyl carbamate esters cause reversible carbamylation of the ace-
tylcholinesterase enzyme, allowing accumulation of acetylcholine, the
neuromediator substance, at parasympathetic neuroeffector junctions (muscar-
inic effects), at skeletal muscle myoneural junctions and autonomic ganglia (nico-
tinic effects), and in the brain (CNS effects). The carbamyl-acetylcholinesterase
combination dissociates more readily than the phosphoryl-acetylcholinesterase
complex produced by organophosphate compounds. This lability has several
important consequences: (1) it tends to limit the duration of N-methyl car-
bamate poisonings, (2) it accounts for the greater span between symptom-
producing and lethal doses than in most organophosphate compounds, and (3)
it frequently invalidates the measurement of blood cholinesterase activity as a
diagnostic index of poisoning (see below).



N-methyl carbamates are absorbed by inhalation and ingestion and some-
what by skin penetration, although the latter tends to be the less toxic route. For
example, carbofuran has a rat oral LD50 of 5 mg/kg, compared to a rat dermal
LD



50
 of 120 mg/kg, which makes the oral route approximately 24 times more



toxic when ingested.1 N-methyl carbamates are hydrolyzed enzymatically by the
liver; degradation products are excreted by the kidneys and the liver.



At cholinergic nerve junctions with smooth muscle and gland cells, high
acetylcholine concentration causes muscle contraction and secretion, respec-
tively. At skeletal muscle junctions, excess acetylcholine may be excitatory (cause
muscle twitching), but may also weaken or paralyze the cell by depolarizing the
end-plate. In the brain, elevated acetylcholine concentrations may cause sen-



HIGHLIGHTS



• Cause reversible
carbamylation of AChE



• Muscarinic, nicotinic, CNS
effects



Signs and Symptoms:



• Malaise, muscle weakness,
dizziness, sweating



• Headache, salivation,
nausea, vomiting,
abdominal pain, diarrhea



• CNS depression, pulmonary
edema in serious cases



Treatment:



• Clear airway, improve tissue
oxygenation



• Administer atropine sulfate
intravenously



• Proceed immediately with
decontamination
procedures
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Commercial Products



aldicarb+



Temik
aminocarb+



Matacil
bendiocarb+



Dycarb
Ficam
Multamat
Niomil
Tattoo
Turcam



bufencarb
Bux
metalkamate



carbaryl
Dicarbam
Sevin



carbofuran+



Crisfuran
Curaterr
Furadan



cloethocarb+



Lance
dimetan



Dimethan
dioxacarb



Elecron
Famid



fenoxycarb
Torus



formetanate hydrochloride+



Carzol
isolan+



Primin
isoprocarb



Etrofolan
MIPC



methiocarb+



Draza
Mesurol



methomyl+



Lannate
Lanox
Nudrin



mexacarbate
Zectran



oxamyl+



DPX 1410
Vydate L



pirimicarb
Abol
Aficida
Aphox
Fernos
Pirimor
Rapid



(Continued on the next page)



sory and behavioral disturbances, incoordination, and depressed motor func-
tion (rarely seizures), even though the N-methyl carbamates do not penetrate
the central nervous system very efficiently. Respiratory depression combined
with pulmonary edema is the usual cause of death from poisoning by N-me-
thyl carbamate compounds.



Signs and Symptoms of Poisoning



As with organophosphate poisoning, the signs and symptoms are based on
excessive cholinergic stimulation. Unlike organophosphate poisoning, carbamate
poisonings tend to be of shorter duration because the inhibition of nervous tissue
AchE is reversible, and carbamates are more rapidly metabolized.2 Bradycardia and
seizures are less common than in organophosphate poisonings. However, blood
cholinesterase levels may be misleading due to in vitro reactivation of a
carbamylated enzyme.3,4 A falsely “normal” level can make the diagnosis more
difficult in the acute presentation in the absence of an exposure history.



The primary manifestations of serious toxicity are central nervous system
depression, as manifested by coma, seizures, and hypotonicity, and nicotinic
effects including hypertension and cardiorespiratory depression. Dyspnea, bron-
chospasm, and bronchorrhea with eventual pulmonary edema are other seri-
ous signs. Recent information indicates that children and adults differ in their
clinical presentation. Children are more likely than adults to present with the
CNS symptoms above. While children can still develop the classic muscarinic
signs, the absence of them does not exclude the possibility of carbamate poi-
soning in the presence of CNS depression.5



Malaise, muscle weakness, dizziness, and sweating are commonly reported
early symptoms. Headache, salivation, nausea, vomiting, abdominal pain, and
diarrhea are often prominent. Miosis with blurred vision, incoordination, muscle
twitching, and slurred speech are reported.



Confirmation of Poisoning



If there are strong clinical indications of acute N-methyl carbam-
ate poisoning, and/or a history of carbamate exposure, treat the pa-
tient immediately. Do not wait for laboratory confirmation.



Blood for plasma pseudocholinesterase and RBC AChE should be ob-
tained. Be advised that unless a substantial amount of N-methyl carbamate has
been absorbed and a blood sample is taken within an hour or two, it is unlikely
that blood cholinesterase activities will be found depressed. Even under the
above circumstances, a rapid test for enzyme activity must be used to detect an
effect, because enzyme reactivation occurs in vitro as well as in vivo. See the table
on page 39 for methods of measurement of blood cholinesterase activities, if
circumstances appear to warrant performance of the test.
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Absorption of some N-methyl carbamates can be confirmed by analysis of
urine for unique metabolites: alpha-naphthol from carbaryl, isopropoxyphenol
from propoxur, carbofuran phenol from carbofuran, and aldicarb sulfone, sul-
foxide, and nitrile from aldicarb. These complex analyses, when available, can be
useful in identifying the responsible agent and following the course of carbam-
ate disposition.



Treatment



Caution: Persons attending the victim should avoid direct contact with
heavily contaminated clothing and vomitus. Wear rubber gloves while washing
pesticide from skin and hair.Vinyl gloves provide no protection.



1. Airway protection. Ensure that a clear airway exists. Intubate the patient
and aspirate the secretions with a large-bore suction device if necessary. Ad-
minister oxygen by mechanically assisted pulmonary ventilation if respiration is
depressed. Improve tissue oxygenation as much as possible before ad-
ministering atropine, to minimize the risk of ventricular fibrillation.
In severe poisonings, it may be necessary to support pulmonary ventilation
mechanically for several days.



2. Atropine. Administer atropine sulfate intravenously, or intramuscularly if
intravenous injection is not possible. Remember that atropine can be adminis-
tered through an endotracheal tube if initial IV access is difficult to obtain.
Carbamates usually reverse with much smaller dosages of atropine than those
required to reverse organophosphates.6 (See dosage on next page.)



The objective of atropine antidotal therapy is to antagonize the effects of
excessive concentrations of acetylcholine at end-organs having muscarinic re-
ceptors. Atropine does not reactivate the cholinesterase enzyme or accelerate
excretion or breakdown of carbamate. Recrudescence of poisoning may occur
if tissue concentrations of toxicant remain high when the effect of atropine
wears off. Atropine is effective against muscarinic manifestations, but is ineffec-
tive against nicotinic actions, specifically, muscle weakness and twitching, and
respiratory depression.



Despite these limitations, atropine is often a life-saving agent in N-methyl
carbamate poisonings. Favorable response to a test dose of atropine (1 mg in
adults, 0.01 mg/kg in children under 12 years) given intravenously can help
differentiate poisoning by anticholinesterase agents from other conditions such
as cardiogenic pulmonary edema and hydrocarbon ingestion. However, lack of
response to the test dose, indicating no atropinization (atropine refractoriness),
is characteristic of moderately severe to severe poisoning and indicates a need
for further atropine. If the test dose does not result in mydriasis and drying of
secretions, the patient can be considered atropine refractory.



Commercial Products
(Continued)



promecarb
Carbamult



propoxur
aprocarb
Baygon



thiodicarb
Larvin



trimethacarb
Broot
Landrin



+ Indicates high toxicity.
Highly toxic N-methyl
carbamates have listed oral
LD50 values (rat) less than or
equal to 50 mg/kg body
weight. Most other
carbamates included in this
table are considered
moderately toxic, with LD50



values in excess of 50 mg/
kg and less than 500 mg/kg.
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Dosage of Atropine:



In moderately severe poisoning (hypersecretion and other end-organ
manifestations without central nervous system depression), the follow-
ing dosage schedules have proven effective:



• Adults and children over 12 years: 2.0-4.0 mg, repeated every 15 min-
utes until pulmonary secretions are controlled, which may be ac-
companied by other signs of atropinization, including flushing, dry
mouth, dilated pupils, and tachycardia (pulse of 140 per minute).
Warning: In cases of ingestion of liquid concentrates of carbamate
pesticides, hydrocarbon aspiration may complicate these poisonings.
Pulmonary edema and poor oxygenation in these cases will not
respond to atropine and should be treated as a case of acute respira-
tory distress syndrome.



• Children under 12 years: 0.05-0.1 mg/kg body weight, repeated every
15 minutes until pulmonary secretions are controlled, which may be
accompanied by other signs of atropinization as above (heart rates
vary depending on age of child with young toddlers having a rate
approaching 200). There is a minimum dose of 0.1 mg in children.



Maintain atropinization by repeated doses based on recurrence of symp-
toms for 2-12 hours or longer depending on severity of poisoning. Crack-
les in the lung bases nearly always indicate inadequate atropinization and
pulmonary improvement may not parallel other signs. Continuation or
return of cholinergic signs indicates the need for more atropine.



Severely poisoned individuals may exhibit remarkable tolerance to at-
ropine; two or more times the dosages suggested above may be needed.
Reversal of muscarinic manifestations, rather than a specific dosage, is
the object of atropine therapy. However, prolonged intensive intrave-
nous administration of atropine sometimes required in organophos-
phate poisonings is rarely needed in treating carbamate poisoning.



Note: Persons not poisoned or only slightly poisoned by N-methyl
carbamates may develop signs of atropine toxicity from such large doses.
Fever, muscle fibrillations, and delirium are the main signs of atropine
toxicity. If these signs appear while the patient is fully atropinized, atro-
pine administration should be discontinued, at least temporarily, while
the severity of poisoning is reevaluated.
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3. Skin decontamination. In patients with contaminated skin, clothing, hair,
and/or eyes, decontamination must proceed concurrently with what-
ever resuscitative and antidotal measures are needed to preserve life.
Flush the chemical from eyes with copious amounts of clean water. For asymp-
tomatic individuals who are alert and physically able, a prompt shower and
shampoo may be appropriate for thorough skin decontamination, provided the
patient is carefully observed to insure against sudden appearance of poisoning.
If there are any indications of weakness ataxia or other neurologic impairment,
clothing should be removed and a complete bath and shampoo given while the
victim is recumbent, using copious amounts of soap and water. Attendants should
wear rubber gloves as vinyl provides no protection against skin absorption.
Wash the chemical from skin folds and from under fingernails.



Contaminated clothing should be promptly removed, bagged, and laundered
before returning. Contaminated leather shoes should be discarded. Note that the
pesticide can contaminate the inside surfaces of gloves, boots, and headgear.



4. Gastrointestinal decontamination. If N-methyl carbamate has been ingested
in a quantity probably sufficient to cause poisoning, consideration should be given
to gastrointestinal decontamination as outlined in Chapter 2. If the patient has
presented with a recent ingestion and is still asymptomatic, adsorption of poison
with activated charcoal may be beneficial. In significant ingestions, diarrhea and/or
vomiting are so constant that charcoal adsorption and catharsis are not indicated.
Attention should be given to oxygen, airway management, and atropine.



5. Urine sample. Save a urine sample for metabolite analysis if there is need to
identify the agent responsible for the poisoning.



6. Pralidoxime is probably of little value in N-methyl carbamate poisonings,
because atropine alone is effective. Although not indicated in isolated carbam-
ate poisoning, pralidoxime appears to be useful in cases of mixed carbamate/
organophosphate poisonings, and cases of an unknown pesticide with muscar-
inic symptoms on presentation.7,8 See Chapter 4, Treatment section, p. 41.



7. Observation. Observe patient closely for at least 24 hours to ensure that symp-
toms (sweating, visual disturbances, vomiting, diarrhea, chest and abdominal distress,
and sometimes pulmonary edema) do not recur as atropinization is withdrawn. The
observation period should be longer in the case of a mixed pesticide ingestion,
because of the prolonged and delayed symptoms associated with organophosphate
poisoning. As the dosage of atropine is reduced over time, check the lung bases
frequently for crackles. Atropinization must be re-established promptly, if crackles
are heard, or if there is a return of miosis, sweating, or other signs of poisoning.



8. Furosemide may be considered for relief of pulmonary edema if crackles
persist in the lungs even after full atropinization. It should not be considered
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until the maximum effect of atropine has been achieved. Consult package in-
sert for dosage and administration.



9. Pulmonary ventilation. Particularly in poisonings by large doses of N-
methyl carbamates, monitor pulmonary ventilation carefully, even after recov-
ery from muscarinic symptomatology, to forestall respiratory failure.



10. Cardiopulmonary monitoring. In severely poisoned patients, monitor
cardiac status by continuous ECG recording.



11. Contraindications. The following drugs are probably contraindicated in
nearly all N-methyl carbamate poisoning cases: morphine, succinlycholine, theo-
phylline, phenothiazines, and reserpine. Adrenergic amines should be given
only if there is a specific indication, such as marked hypotension.



12. Hydrocarbon aspiration may complicate poisonings that involve inges-
tion of liquid concentrates of some carbamates that are formulated in a petro-
leum product base. Pulmonary edema and poor oxygenation in these cases will
not respond to atropine and should be treated as cases of acute respiratory
distress syndrome.



13. Do not administer atropine prophylactically to workers exposed to
N-methyl carbamate pesticides. Prophylactic dosage may mask early symptoms
and signs of carbamate poisoning and thus allow the worker to continue expo-
sure and possibly progress to more severe poisoning. Atropine itself may en-
hance the health hazards of the agricultural work setting: impaired heat loss
due to reduced sweating and impaired ability to operate mechanical equip-
ment due to blurred vision (mydriasis).



General Chemical Structure
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HIGHLIGHTS



Signs and Symptoms:



• Absorbed dose is stored in
fat tissue



• Sensory disturbances:
hyperesthesia and
paresthesia, headache,
dizziness, nausea,
hyperexcitable state



• Convulsions



Treatment:



• Anticonvulsants
(benzodiazepines)



• Administer oxygen



• Cardiopulmonary
monitoring



Contraindicated:



• Epinephrine, other
adrenergic amines, atropine



• Animal or vegetable oils or
fats taken orally



CHAPTER 6



Solid Organochlorine Insecticides



EPA has sharply curtailed the availability of many organochlorines, particularly
DDT, aldrin, dieldrin, heptachlor, mirex, chlordecone, and chlordane. Others,
however, remain the active ingredients of various home and garden products
and some agricultural, structural, and environmental pest control products.
Hexachlorobenzene is a fungicide used as a seed protectant and is discussed
further in Chapter 15, Fungicides.



Technical hexachlorocyclohexane (misnamed benzene hexachloride, BHC)
includes multiple stereoisomers; only the gamma isomer (lindane) is insecticidal.
Lindane is the active ingredient of some pest control products used in the home
and garden, on the farm, and in forestry and animal husbandry. It is also the active
agent in the medicine Kwell®, used for human ectoparasitic disease. Lindane has
been reported on numerous occasions to be associated with acute neurological
toxicity either from ingestion or in persons treated for scabies or lice.1-6



Toxicology



In varying degrees, organochlorines are absorbed from the gut and also by
the lung and across the skin. The efficiency of dermal absorption is variable.
Hexachlorocyclohexane, including lindane, the cyclodienes (aldrin, dieldrin,
endrin, chlordane, heptachlor), and endosulfan are efficiently absorbed across
the skin, while dermal absorption efficiencies of DDT, dicofol, marlate, tox-
aphene, and mirex are substantially less.7 Lindane has a documented 9.3% der-
mal absorption rate,8 and is absorbed even more efficiently across abraded skin.1,9



This becomes especially important when taking into account its use on chil-
dren with severe dermatitis associated with scabies. Fat and fat solvents enhance
gastrointestinal, and probably dermal, absorption of organochlorines. While most
of the solid organochlorines are not highly volatile, pesticide-laden aerosol or
dust particles trapped in respiratory mucous and subsequently swallowed may
lead to significant gastrointestinal absorption.



Following exposure to some organochlorines (notably DDT), a significant
part of the absorbed dose is stored in fat tissue as the unchanged parent com-
pound. Most organochlorines are in some degree dechlorinated, oxidized, then
conjugated. The chief route of excretion is biliary, although nearly all orga-
nochlorines yield measurable urinary metabolites. Unfortunately, many of the
unmetabolized pesticides are efficiently reabsorbed by the intestine (enterohepatic
circulation), substantially retarding fecal excretion.
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Metabolic dispositions of DDT and DDE (a DDT degradation product), the
beta isomer of hexachlorocyclohexane, dieldrin, heptachlor epoxide, and mirex
tend to be slow, leading to storage in body fat. Storable lipophilic compounds are
likely to be excreted in maternal milk.6,10,11 On the other hand, rapid metabolic
dispositions of lindane, methoxychlor, dienochlor, endrin, chlorobenzilate, dicofol,
toxaphene, perthane, and endosulfan reduce the likelihood that these organochlo-
rines will be detected as residues in body fat, blood, or milk.



The chief acute toxic action of organochlorine pesticides is on the nervous
system, where these compounds induce a hyperexcitable state in the brain.12



This effect is manifest mainly as convulsions, sometimes limited to myoclonic
jerking, but often expressed as violent seizures. Convulsions caused by cyclodienes
may recur over periods of several days. Other less severe signs of neurologic
toxicity such as paresthesias, tremor, ataxia, and hyperreflexia are also characteristic
of acute organochlorine poisoning. Agents such as DDT and methoxychlor
tend to cause the less severe effects, while the cyclodienes, mirex, and lindane
are associated with the more severe seizures and fatalities.7 Convulsions may
cause death by interfering with pulmonary gas exchange and by generating
severe metabolic acidosis.



High tissue concentrations of organochlorines increase myocardial irritability,
predisposing to cardiac arrhythmia. When tissue organochlorine concentrations
drop below threshold levels, recovery from the poisoning occurs.
Organochlorines are not cholinesterase inhibitors.



High tissue levels of some organochlorines (notably DDT, DDE, and cy-
clodienes) have been shown to induce hepatic microsomal drug-metabolizing
enzymes.13 This tends to accelerate excretion of the pesticides themselves, but
may also stimulate biotransformation of critical natural substances, such as ste-
roid hormones and therapeutic drugs, occasionally necessitating re-evaluation
of required dosages in persons intensively exposed to organochlorines. Human
absorption of organochlorine sufficient to cause enzyme induction is likely to
occur only as a result of prolonged intensive exposure.



Ingestion of hexachlorobenzene-treated wheat has been associated with
human dermal toxicity diagnosed as porphyria cutanea tarda. The skin blisters,
becomes very sensitive to sunlight, and heals poorly, resulting in scarring and
contracture formation.14 Unlike other organochlorine compounds, there have
been no reported cases of convulsions caused by the fungicide hexachloro-
benzene. Lindane and chlordane have rarely been associated anecdotally with
certain hematological disorders, including aplastic anemia and megaloblastic
anemia.15,16



There has been considerable interest recently in the interaction of orga-
nochlorines with endocrine receptors, particularly estrogen and androgen
receptors. In vitro studies and animal experimentation have supported the view
that the function of the endocrine system may be altered by these interac-
tions.17,18 This in turn may alter the reproductive development and success of
animals and humans. In addition, some organochlorines may inhibit lactation
and may also be developmental toxicants.10 Due to evidence of carcinogenic



Commercial Products



aldrin*
benzene hexachloride (BHC)*



HCH
hexachlor
hexachloran



chlordane*
(multiple trade names)



chlordecone*
Kepone



chlorobenzilate
DDT*



(multiple trade names)
dicofol



Kelthane
(multiple trade names)



dieldrin*
Dieldrite



dienochlor
Pentac



endosulfan
(multiple trade names)



endrin*
Hexadrin



heptachlor**
(multiple trade names)



hexacholorobenzene*
lindane



gamma BHC or HCH
Kwell
(multiple trade names)



methoxychlor
Marlate



mirex*
terpene polychlorinates*



Strobane
toxaphene*



* All U.S. registrations have
been cancelled.



** Registered in the United
States only for
underground use in
power lines for fire ants.
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potential, some organochlorines have lost registration for use in the United
States or had their uses restricted. Although these effects are important, they are
beyond the scope of this manual.



Signs and Symptoms of Poisoning



Early manifestations of poisoning by some organochlorine pesticides, par-
ticularly DDT, are often sensory disturbances: hyperesthesia and paresthesia of
the face and extremities. Headache, dizziness, nausea, vomiting, incoordination,
tremor, and mental confusion are also reported. More severe poisoning causes
myoclonic jerking movements, then generalized tonic-clonic convulsions. Coma
and respiratory depression may follow the seizures.



Poisoning by the cyclodienes and toxaphene is more likely to begin with
the sudden onset of convulsions, and is often not preceded by the premonitory
manifestations mentioned above. Seizures caused by cyclodienes may appear as
long as 48 hours after exposure, and then may recur periodically over several
days following the initial episode. Because lindane and toxaphene are more
rapidly biotransformed in the body and excreted, they are less likely than diel-
drin, aldrin, and chlordane to cause delayed or recurrent seizures.



Confirmation of Poisoning



Organochlorine pesticides and/or their metabolites can sometimes be iden-
tified in blood by gas-liquid chromatographic examination of samples taken
within a few days of significant pesticide absorption. Such tests are performed
by a limited number of government, university, and private laboratories, which
can usually be contacted through poison control centers or health departments.
Some organochlorine pesticides or their products (notably DDT, dieldrin, mirex,
heptachlor, epoxide, chlordecone) persist in tissues and blood for weeks or
months after absorption, but others are likely to be excreted in a few days,
limiting the likelihood of detection. Blood levels tend to correlate more with
acute toxicity, while levels found in adipose tissue and breast milk usually re-
flect more long-term and historic exposure.19



Chromatographic methods make possible detection of most organochlo-
rines at concentrations much lower than those associated with symptoms of
toxicity. Therefore, a positive finding in a blood sample does not, of itself, justify
a diagnosis of acute poisoning. Lindane appears in the literature more frequently
than other compounds. The time of acquisition of the blood level in relation to
exposure time must be taken into account when interpreting blood levels. In
one study, lindane levels were measured at 10.3 ng/mL in healthy volunteers
three days after application to the skin.20



In a study with childhood dermal absorption using children with scabies
and a non-affected control group, lindane peaked at 28 ng/mL 6 hours after
application in the affected group, and at 24 ng/mL in the control group. At 48
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hours, levels were 6 ng/mL and 5 ng/mL respectively. Findings from this study
also provide evidence for increased absorption across abraded skin.9 A child
with severely abraded skin was treated for scabies and developed seizures. Three
days after exposure, his lindane level was 54 ng/mL.1 Most reports of acute
toxicity from lindane involve blood levels of 130 ng/mL or greater, with the
most severe and fatal cases involving levels exceeding 500 ng/mL.2



DDT, DDE, and a few other organochlorines are still found at very low
levels in blood samples from the general U.S. population, presumably due to
past and/or current low-level contamination of food by these environmentally
persistent pesticides.



In the absence of corresponding elevations of blood levels, the amount of
stored pesticides is not likely to be of clinical significance. Measurements of uri-
nary metabolites of some organochlorine pesticides can be useful in monitoring
occupational exposures; however, the analytical methods are complex, and are
not likely to detect amounts of metabolites generated by minimal exposures.



Treatment



1. Observation. Persons exposed to high levels of organochlorine pesticides
by any route should be observed for sensory disturbances, incoordination, speech
slurring, mental aberrations, and involuntary motor activity that would warn of
imminent convulsions.



2. Convulsions. If convulsions occur, place the victim in the left lateral decu-
bitus position with the head down. Move away furniture or other solid objects
that could be a source of injury. If jaw movements are violent, place padded
tongue blades between the teeth to protect the tongue. Whenever possible,
remove dentures and other removable dental work. Aspirate oral and pharyn-
geal secretion, and when possible, insert an oropharyngeal airway to maintain
an open passage unobstructed by the tongue. Minimize noise and any manipu-
lation of the patient that may trigger seizure activity.



Dosage of Diazepam:



• Adults: 5-10 mg IV and repeat every 5-10 minutes to maximum of 30 mg.



• Children: 0.2 to 0.5 mg/kg every 5 minutes to maximum of 10 mg in
children over 5 years, and maximum of 5 mg in children under 5 years.



Although lorazepam is widely accepted as a treatment of choice for
status epilepticus, there are no reports of its use for organochlorine
intoxication. Some cases have required aggressive seizure management
including the addition of phenobarbital and the induction of pento-
barbital coma.
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Seizures in patients caused by organochlorine toxicity are likely to be pro-
longed and difficult to control. Status epilepticus is common. For this reason,
patients with seizures that do not respond immediately to anticonvulsants should
be transferred as soon as possible to a trauma center and will generally require
intensive care admission until seizures are controlled and neurologic status is
improved. Initial therapy with benzodiazepines should be instituted.



3. Oxygen. Administer oxygen by mask. Maintain pulmonary gas exchange by
mechanically assisted ventilation whenever respiration is depressed.



4. Skin decontamination. Skin decontamination should be done thoroughly,
as outlined in Chapter 2.



5. Gastrointestinal decontamination. If organochlorine has been ingested
in a quantity sufficient to cause poisoning and the patient presents within an
hour, consideration should be given to gastric decontamination procedures, as
outlined in Chapter 2. If the patient presents more than an hour after ingestion,
activated charcoal may still be beneficial. If the victim is convulsing, it is almost
always necessary first to control seizures before attempting gastric decontami-
nation. Activated charcoal administration has been advocated in such poison-
ings, but there is little human or experimental evidence to support it.



6. Respiratory failure. Particularly in poisonings by large doses of
organochlorine, monitor pulmonary ventilation carefully to forestall
respiratory failure. Assist pulmonary ventilation mechanically with oxygen
whenever respiration is depressed. Since these compounds are often formulated
in a hydrocarbon vehicle, hydrocarbon aspiration may occur with ingestion of
these agents. The hydrocarbon aspiration should be managed in accordance
with accepted medical practice as a case of acute respiratory distress syndrome
which will usually require intensive care management.



7. Cardiac monitoring. In severely poisoned patients, monitor cardiac status
by continuous ECG recording to detect arrhythmia.



8. Contraindications. Do not give epinephrine, other adrenergic amines, or
atropine unless absolutely necessary because of the enhanced myocardial irrita-
bility induced by chlorinated hydrocarbons, which predisposes to ventricular
fibrillation. Do not give animal or vegetable oils or fats by mouth. They en-
hance gastrointestinal absorption of the lipophilic organochlorines.



9. Phenobarbital. To control seizures and myoclonic movements that some-
times persist for several days following acute poisoning by the more slowly
excreted organochlorines, phenobarbital given orally is likely to be effective.
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Dosage should be based on manifestations in the individual case and on infor-
mation contained in the package insert.



10. Cholestryamine resin accelerates the biliary-fecal excretion of the more
slowly eliminated organochlorine compounds.21 It is usually administered in 4
g doses, 4 times a day, before meals and at bedtime. The usual dose for children
is 240 mg/kg/24 hours, divided Q 8 hours. The dose may be mixed with a
pulpy fruit or liquid. It should never be given in its dry form and must always
be administered with water, other liquids or a pulpy fruit. Prolonged treatment
(several weeks or months) may be necessary.



11. Convalescence. During convalescence, enhance carbohydrate, protein, and
vitamin intake by diet or parenteral therapy.



General Chemical Structures



H



CI
Lindane



CI



CI
H



H



H



CI



CI
H



H



CI



CI



CI



Chlordane
CI



CI
CI-C-CI



CI



CI



CI



CI



Dieldrin
CI



OCI-C-CI H-C-H



CI



CI



CI



CI



Dicofol



CI



OH



C



C



CI



CI



CI



Endosulfan
CI



C



C



O



O



CI-C-CI S=O



CI



CI



CI



Heptachlor
CI CI



CI-C-CI



CI



CH O



CI



CI
Methoxychlor



CI



H
C



C



OCH33



CI CI



CI CI



CI CI



CI CI



Dienochlor



CI



CI











SOLID ORGANOCHLORINES •  61



References



1. Friedman SJ. Lindane neurotoxic reaction in nonbullous congenital ichthyosiform erythro-
derma. Arch Dermatol 1987;123:1056-8.



2. Aks SE, Krantz A, Hryhorczuk DO, et al. Acute accidental lindane ingestion in toddlers. Ann
Emerg Med 1995;25(5):647-51.



3. Tenenbein M. Seizures after lindane therapy. J Am Geriatr Soc 1991;39(4):394-5.



4. Solomon BA, Haut SR, Carr EM, and Shalita AR. Neurotoxic reaction to lindane in an HIV-
seropositive patient: An old medication’s new problem. J Fam Pract 1995;40(3):291-6.



5. Fischer TF. Lindane toxicity in a 24-year-old woman. Ann Emerg Med 1994;24(5):972-4.



6. Solomon LM, Fahrner L, and West DP. Gamma benzene hexachloride toxicity. Arch Dermatol
1977;113:353-7.



7. Echobichon DJ. Toxic effects of pesticides. In Klaassen CD (ed), Casarett & Doull’s Toxicol-
ogy: The Basic Science of Poisons, 5th ed. New York: McGraw-Hill, 1996, pp. 649-55.



8. Feldmann RJ and Maibach HI. Percutaneous penetration of some pesticides and herbicides
in man. Toxicol and Appl Pharmacol 1974;28:126-32.



9. Ginsburg CM, Lowry W, and Reisch JS. Absorption of lindane (gamma benzene hexachlo-
ride) in infants and children. J Pediatr 1997;91(6):998-1000.



10. Rogan WJ. Pollutants in breast milk. Arch Pediatr Adolesc Med 1996;150:981-90.



11. Stevens MF, Ebell GF, and Psaila-Savona P. Organochlorine pesticides in Western Australian
nursing mothers. Med J Aust 1993;158(4):238-41.



12. Joy RM. The effects of neurotoxicants on kindling and kindled seizures. Fundam Appl Toxicol
1985;5:41-65.



13. Hunter J, Maxwell JD, Stewart DA, et al. Increased hepatic microsomal enzyme activity from
occupational exposure to certain organochlorine pesticides. Nature 1972;237:399-401.



14. Booth NH and McDowell JR. Toxicity of hexachlorobenzene and associated residues in
edible animal tissues. J AmVet Med Assoc 1975;166(6):591-5.



15. Rauch AE, Kowalsky SF, Lesar TS, et al. Lindane (Kwell)-induced aplastic anemia. Arch Intern
Med 1990;150:2393-5.



16. Furie B and Trubowitz S. Insecticides and blood dyscrasias. Chlordane exposure and self-
limited refractory megaloblastic anemia. JAMA 1976;235(16):1720-2.



17. Vonier PM, Crain DA, McLachlan JA, et al. Interaction of environmental chemicals with the
estrogen and progesterone receptors from the oviduct of the American alligator. Environ
Health Perspect 1996;104(12):1318-22.



CI CI



CI



CI
CI



O



CICI
CI



CI



CI



Chlordecone



CI CI



CI



CI
CI



CICI
CI



CI



CI



CI



CI



Mirex











62  •   SOLID ORGANOCHLORINES



18. Fry DM. Reproductive effects in birds exposed to pesticides and industrial chemicals. Environ
Health Perspect 1995;103(Suppl 7):165-71.



19. Frank R, Rasper J, Smout MS, and Braun HE. Organochlorine residues in adipose tissues,
blood and milk from Ontario residents, 1976-1985. Can J Public Health 1988;79:150-8.



20. Hosler J, Tschan C, Hignite CE, et al. Topical application of lindane cream (Kwell) and
antipyrine metabolism. J Invest Dermatol 1980;74:51-3.



21. Cohn WJ, Boylan JJ, Blanke RV, et al. Treatment of chlordecone (Kepone) toxicity with
cholestyramine. New Engl J Med 1978;298(5):243-8.











BIOLOGICALS •  63



CHAPTER 7



Biologicals and Insecticides
of Biological Origin



This chapter covers several widely-used insecticidal products of natural origin, as
well as certain agents often identified as biological control agents. Of the many
living control agents, only the bacterial agent Bacillus thuringiensis will be discussed
in detail, since it is one of the most widely used. Many other agents, such as
parasitic wasps and insects, are so host-specific that they pose little or no risk to
human health. The agents are discussed in this chapter in alphabetic order.



AZADIRACHTIN



This biologically-obtained insecticide is derived from the Neem tree
(Azadirachta indica). It is an insect growth regulator that interferes with the
molting hormone ecdysone.



Toxicology



Azadirachtin causes severe dermal and gastrointestinal irritation. Central
nervous system stimulation and depression have been seen. This agent is prima-
rily used and manufactured in India; little use or exposures are expected in the
United States.



Treatment



1. Skin decontamination. If skin exposure occurs, the skin should be thor-
oughly washed with soap and water.



2. Gastrointestinal decontamination. Due to the severe gastrointestinal ir-
ritation, gastric emptying and catharsis are not indicated. Consideration should
be given to administration of activated charcoal as outlined in Chapter 2.



HIGHLIGHTS



• Derived from living systems



• Bacillus thuringensis is the
most important live agent



• Generally of low order
toxicity



Signs and Symptoms:



• Highly variable based on
specific agents



• Several cause
gastrointestinal irritation



• Nicotine and rotenone may
have serious CNS effects



• Nicotine and sabadilla may
have cardiovascular effects



Treatment:



• Specific to the agent



• Skin, eye, and GI
decontamination may be
indicated



• Nicotine, rotenone, and
sabadilla require aggressive
support
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BACILLUS THURINGIENSIS



Several strains of Bacillus thuringiensis are pathogenic to some insects. The
bacterial organisms are cultured, then harvested in spore form for use as insec-
ticide. Production methods vary widely. Proteinaceous and nucleotide-like toxins
generated by the vegetative forms (which infect insects) are responsible for the
insecticidal effect. The spores are formulated as wettable powders, flowable con-
centrates, and granules for application to field crops and for control of mosqui-
toes and black flies.



Toxicology



The varieties of Bacillus thuringiensis used commercially survive when in-
jected into mice, and at least one of the purified insecticidal toxins is toxic to
mice. Infections of humans have been extremely rare. A single case report of
ingestion by volunteers of Bacillus thuringiensis var. galleriae resulted in fever and
gastrointestinal symptoms. However, this agent is not registered as a pesticide.
B. thuringiensis products are exempt from tolerance on raw agricultural com-
modities in the United States. Neither irritative nor sensitizing effects have
been reported in workers preparing and applying commercial products.



Treatment



1. Skin decontamination. Skin contamination should be removed with soap
and water. Eye contamination should be flushed from the eyes with clean water
or saline. If irritation persists, or if there is any indication of infection, treatment
by a physician should be obtained.



A single case of corneal ulcer caused by a splash of B. thuringiensis suspen-
sion into the eye was successfully treated by subconjunctival injection of gen-
tamicin (20 mg) and cefazolin (25 mg).1



2. Gastrointestinal decontamination. If a B. thuringiensis product has been
ingested, the patient should be observed for manifestations of bacterial gastro-
enteritis: abdominal cramps, vomiting, and diarrhea. The illness is likely to be
self-limited if it occurs at all. The patient should be treated symptomatically and
fluid support provided as appropriate.



EUGENOL



This compound is derived from clove oil. It is used as an insect attractant.



Commercial Products



azadirachtin
Align
Azatin
Bollwhip
Neemazad
Neemazal
Neemix
Turplex



Bacillus thuringiensis
Variety aizawai:
Agree
Design
Mattch
XenTari



Variety israelensis:
Aquabac
Bactimos
Gnatrol
Skeetal
Teknar
Vectobac
Vectocide



Variety kurstaki:
Bactospeine
Bactur
Dipel
Futura
Sok-Bt
Thuricide
Tribactur



Variety morrisoni
Variety tenebrionis:
Novodor



eugenol
gibberellic acid (GA3)



Activol
Berelex
Cekugib
Gibberellin
Gibrel
Grocel
Pro-Gibb
Pro-Gibb Plus
Regulex



nicotine
Black Leaf 40
Nico Soap



pyrethrins
rotenone



Chem-Fish
Noxfire
Noxfish
Nusyn-Foxfish
Prenfish



(Continued on the next page)
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Toxicology



Eugenol is similar in its clinical effects to phenol. Although it works as an
anesthetic, in large doses it can cause burns to epithelial surfaces.2 Sloughing of
mucous membranes has occurred as an allergic reaction to a small dose applied
topically in the mouth.3 Gastric mucosal lesions have been reported in animals,
but no lesions were seen on endoscopy after clove oil ingestion.4 Large doses
may result in coma and liver dysfunction.5



Treatment



Treatment is primarily supportive as there is no antidote. If mucosal burns
are present, consider endoscopy to look for other ulcerations.



GIBBERELLIC ACID (Gibberellin, GA3)



Gibberellic acid is not a pesticide, but it is commonly used in agricultural
production as a growth-promoting agent. It is a metabolic product of a cul-
tured fungus, formulated in tablets, granules, and liquid concentrates for appli-
cation to soil beneath growing plants and trees.



Toxicology



Experimental animals tolerate large oral doses without apparent adverse
effect. No human poisonings have been reported. Sensitization has not been
reported, and irritant effects are not remarkable.



Treatment



1. Skin decontamination. Wash contamination from skin with soap and
water. Flush contamination from eyes with clean water or saline. If irritation
occurs, obtain medical treatment.



2. Gastrointestinal decontamination. If gibberellic acid has been swallowed,
there is no reason to expect adverse effects.



NICOTINE



Nicotine is an alkaloid contained in the leaves of many species of plants,
but is usually obtained commercially from tobacco. A 14% preparation of the
free alkaloid is marketed as a greenhouse fumigant. Significant volatilization of
nicotine occurs. Commercial nicotine insecticides have long been known as
Black Leaf 40. This formulation was discontinued in 1992. Other currently



Commercial Products
(Continued)



Rotacide
Rotenone Solution FK-11
Sypren-Fish



sabadilla
streptomycin



Agri-Mycin 17
Paushamycin, Tech.
Plantomycin



*Discontinued in the U.S.
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available formulations include dusts formulated with naphthalene and dried
blood used to repel dogs and rabbits. Be aware of Green Tobacco Syndrome
from dermal absorption. Very little nicotine insecticide is currently used in the
United States, although old preparations of nicotine insecticides may still be
found on occasion.6 Today, most nicotine poisonings are the result of ingestion
of tobacco products and incorrect use of nicotine skin patches.



Toxicology



Nicotine alkaloid is efficiently absorbed by the gut, lung, and skin. Exten-
sive biotransformation occurs in the liver with 70-75% occurring as a first pass
effect.7 Both the liver and kidney participate in the formation and excretion of
multiple end-products, which are excreted within a few hours. Estimates of the
half-life of nicotine range from about one hour in smokers to as much as two
hours in non-smokers.8,9



Toxic action is complex. At low doses, autonomic ganglia are stimulated.
Higher doses result in blockade of autonomic ganglia and skeletal muscle neuro-
muscular junctions, and direct effects on the central nervous system. Paralysis and
vascular collapse are prominent features of acute poisoning, but death is often due
to respiratory paralysis, which may ensue promptly after the first symptoms of
poisoning. Nicotine is not an inhibitor of the cholinesterase enzyme.



Signs and Symptoms of Poisoning



Early and prominent symptoms of poisoning include salivation, sweating,
dizziness, nausea, vomiting, and diarrhea. Burning sensations in the mouth and
throat, agitation, confusion, headache, and abdominal pain are reported. If dos-
age has been high, vascular collapse with hypotension, bradycardia or other
arrythmias, dyspnea then respiratory failure, and unconsciousness may ensue
promptly.6,10,11,12 In some cases, hypertension and tachycardia may precede hy-
potension and bradycardia, with the latter two signs leading to shock.11,12 Sei-
zures may also occur.6,11 In one case of ingestion of a large dose of nicotine
alkaloid pesticide, the patient developed asystole within two minutes. He later
developed seizures and refractory hypotension.6



Confirmation of Poisoning



Urine content of the metabolite cotinine can be used to confirm absorp-
tion of nicotine.
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Treatment



1. Skin decontamination. If liquid or aerosol spray has come in contact with
skin, wash the area thoroughly with soap and water. If eyes have been contami-
nated, flush them thoroughly with clean water or saline. If irritation persists,
obtain specialized medical treatment.



If symptoms of poisoning appear during exposure to an airborne nicotine
insecticide, remove the person from the contaminated environment immediately,
wash any skin areas that may be contaminated, then transport the victim to the
nearest treatment facility. Although mild poisoning may resolve without treat-
ment, it is often difficult to predict the ultimate severity of poisoning at the onset.



2. Pulmonary ventilation. If there is any indication of loss of respiratory
drive, maintain pulmonary ventilation by mechanical means, using supplemen-
tal oxygen if available, or mouth-to-mouth or mouth-to-nose methods if nec-
essary. Toxic effects of nicotine other than respiratory depression are usually
survivable. The importance of maintaining adequate gas exchange is therefore
paramount.



3. Gastrointestinal decontamination. If a nicotine-containing product has
been ingested recently, immediate steps must be taken to limit gastrointestinal
absorption. If the patient is fully alert, immediate oral administration of acti-
vated charcoal as outlined in Chapter 2 is probably the best initial step in man-
agement. Repeated administration of activated charcoal at half or more the
initial dosage every 2-4 hours may be beneficial. Since diarrhea is often a part
of this poisoning, it is usually not necessary or appropriate to administer a
cathartic. Do not administer syrup of ipecac.



4. Cardiac monitoring. Monitor cardiac status by electrocardiography, and
measure blood pressure frequently. Cardiopulmonary resuscitation may
be necessary. Vascular collapse may require administration of norepinephrine
and/or dopamine. Consult package inserts for dosages and routes of adminis-
tration. Infusions of electrolyte solutions, plasma, and/or blood may also be
required to combat shock.



5. Atropine sulfate. There is no specific antidote for nicotine poisoning. Se-
vere hypersecretion (especially salivation and diarrhea) or bradycardia may be
treated with intravenous atropine sulfate. See dosage on next page.
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Dosage of Atropine Sulfate:



• Adults and children over 12 years: 0.4-0.5 mg slowly IV, repeated every
5 minutes if necessary.



• Children under 12 years: 0.01 mg/kg body weight, slowly IV, repeated
every 5 minutes if necessary. There is a minimum dose of 0.1 mg.



6. Convulsions should be controlled as outlined in Chapter 2. If the patient
survives for four hours, complete recovery is likely.



PYRETHRUM AND PYRETHRINS



Pyrethrum is the oleoresin extract of dried chrysanthemum flowers. The
extract contains about 50% active insecticidal ingredients known as pyrethrins.
The ketoalcoholic esters of chrysanthemic and pyrethroic acids are known as
pyrethrins, cinerins, and jasmolins. These strongly lipophilic esters rapidly pen-
etrate many insects and paralyze their nervous systems. Both crude pyrethrum
extract and purified pyrethrins are contained in various commercial products,
commonly dissolved in petroleum distillates. Some are packaged in pressurized
containers (“bug-bombs”), usually in combination with the synergists piperonyl
butoxide and n-octyl bicycloheptene dicarboximide. The synergists retard enzy-
matic degradation of pyrethrins. Some commercial products also contain
organophosphate or carbamate insecticides. These are included because the rapid
paralytic effect of pyrethrins on insects (“quick knockdown”) is not always lethal.



Pyrethrum and pyrethrin products are used mainly for indoor pest control.
They are not sufficiently stable in light and heat to remain as active residues on
crops. The synthetic insecticides known as pyrethroids (chemically similar to
pyrethrins) do have the stability needed for agricultural applications. Pyrethroids
are discussed separately in Chapter 8.



Toxicology



Crude pyrethrum is a dermal and respiratory allergen, probably due mainly
to non-insecticidal ingredients. Contact dermatitis and allergic respiratory re-
actions (rhinitis and asthma) have occurred following exposures.13,14 Single cases
exhibiting anaphylactic15 and pneumonitic manifestations16 have also been re-
ported. The refined pyrethrins are probably less allergenic, but appear to retain
some irritant and/or sensitizing properties.



Pyrethrins are absorbed across the gut and pulmonary membrane, but only
slightly across intact skin. They are very effectively hydrolyzed to inert products
by mammalian liver enzymes. This rapid degradation combined with relatively
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poor bioavailability probably accounts in large part for their relatively low mam-
malian toxicity. Dogs fed extraordinary doses exhibit tremor, ataxia, labored
breathing, and salivation. Similar neurotoxicity rarely, if ever, has been observed
in humans, even in individuals who have used pyrethrins for body lice control
(extensive contact) or pyrethrum as an anthelmintic (ingestion).



In cases of human exposure to commercial products, the possible role of
other toxicants in the products should be kept in mind. The synergists pipero-
nyl butoxide and n-octyl bicycloheptene dicarboximide have low toxic poten-
tial in humans, but organophosphates or carbamates included in the product
may have significant toxicity. Pyrethrins themselves do not inhibit cholinest-
erase enzyme.



Confirmation of Poisoning



There are at present no practical tests for pyrethrin metabolites or pyrethrin
effects on human enzymes or tissues that can be used to confirm absorption.



Treatment



1. Antihistamines are effective in controlling most allergic reactions. Severe
asthmatic reactions, particularly in predisposed persons, may require adminis-
tration of inhaled B



2
-agonists and/or systemic corticosteroids. Inhalation ex-



posure should be carefully avoided in the future.



2. Anaphylaxis-type reactions may require sub-cutaneous epinephrine,
epinepherine, and respiratory support.15



3. Contact dermatitis may require extended administration of topical corti-
costeroid preparations. This should be done under the supervision of a physi-
cian. Future contact with the allergen must be avoided.



4. Eye contamination should be removed by flushing the eye with large
amounts of clean water or saline. Specialized ophthalmologic care should be
obtained if irritation persists.



5. Other toxic manifestations caused by other ingredients must be treated ac-
cording to their respective toxic actions, independent of pyrethrin-related effects.



6. Gastrointestinal decontamination. Even though most ingestions of pyre-
thrin products present little risk, if a large amount of pyrethrin-containing
material has been ingested and the patient is seen within one hour, consider
gastric emptying. If the patient is seen later, or if gastric emptying is performed,
consider administration of activated charcoal as described in Chapter 2.
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ROTENONE



Although this natural substance is present in a number of plants, the source
of most rotenone used in the United States is the dried derris root imported
from Central and South America. It is formulated as dusts, powders, and sprays
(less than 5% active ingredient) for use in gardens and on food crops. Many
products contain piperonyl butoxide as synergist, and other pesticides are in-
cluded in some commercial products. Rotenone degrades rapidly in the envi-
ronment. Emulsions of rotenone are applied to lakes and ponds to kill fish.



Toxicology



Although rotenone is toxic to the nervous systems of insects, fish, and birds,
commercial rotenone products have presented little hazard to humans over
many decades. Neither fatalities nor systemic poisonings have been reported in
relation to ordinary use. However, there is one report of a fatality in a child
who ingested a product called Gallocide, which contains rotenone and etheral
oils, including clove oil. She developed a gradual loss of consciousness over two
hours and died of respiratory arrest.17



Numbness of oral mucous membranes has been reported in workers who
got dust from the powdered derris root in their mouths. Dermatitis and respira-
tory tract irritation have also been reported in occupationally exposed persons.



When rotenone has been injected into animals, tremors, vomiting, incoor-
dination, convulsions, and respiratory arrest have been observed. These effects
have not been reported in occupationally exposed humans.



Treatment



1.  Skin decontamination. Skin contamination should be removed by wash-
ing with soap and water. Eye contamination should be removed by flushing the
eye thoroughly with clean water or saline. Dust in the mouth should be washed
out. If irritation persists, medical treatment should be obtained.



2. Gastrointestinal decontamination. If a large amount of a rotenone-con-
taining product has been swallowed and retained and the patient is seen within
an hour of exposure, consideration should be given to gastric emptying. Whether
or not gastric emptying is performed, consider use of activated charcoal as
outlined in Chapter 2.



3. Respiratory support should be used as necessary if mental status changes
and/or respiratory depression occurs.
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SABADILLA (Veratrum alkaloid)



Sabadilla consists of the powdered ripe seeds of a South American lily. It is
used as dust, with lime or sulfur, or dissolved in kerosene, mainly to kill ecto-
parasites on domestic animals and humans. Insecticidal alkaloids are those of
the veratrum type. The concentration of alkaloids in commercial sabadilla is
usually less than 0.5%. Little or no sabadilla is used in the United States today,
but some is probably used in other countries. Most toxic encounters with ver-
atrum alkaloid occur from the inadvertent ingestion of the plant.18



Toxicology



Sabadilla dust is very irritating to the upper respiratory tract, causing sneez-
ing, and is also irritating to the skin. Veratrin alkaloids are apparently absorbed
across the skin and gut, and probably by the lung as well. Veratrin alkaloids have a
digitalis-like action on the heart muscles (impaired conduction and arrhythmia).



Although poisoning by medicinal veratrum preparations may have occurred
in the past, systemic poisoning by sabadilla preparations used as insecticides has
been very rare. The prominent symptoms of veratrum alkaloid poisoning are
severe nausea and vomiting, followed by hypotension and bradycardia. Other
arrythmias or A-V block may occur.18,19



Treatment



1. Skin decontamination. Contaminated skin should be washed thoroughly
with soap and water. If eyes are affected, they should be flushed with copious
amounts of clean water or saline. If skin or eye irritation persists, medical treat-
ment should be obtained.



2. Gastrointestinal decontamination. If a large amount of sabadilla pesticide
product has been ingested in the past hour and retained, consider gastric empty-
ing. This may be followed by administration of charcoal. If only a small amount of
sabadilla pesticide has been ingested and retained, or if treatment is delayed, and if
the patient remains fully alert, immediate oral administration of activated char-
coal probably represents reasonable management, as outlined in Chapter 2.



3. Cardiac monitoring. If there is a suspicion that significant amounts of
sabadilla alkaloids have been absorbed, ECG monitoring of cardiac activity for
arrhythmia and conduction defects is appropriate. Bradycardia may be treated
with atropine.18,19 See dosage on next page.
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Dosage of Atropine Sulfate:



• Adults and children over 12 years: 0.4-0.5 mg slowly IV, repeated ev-
ery 5 minutes if necessary.



• Children under 12 years: 0.01 mg/kg body weight, slowly IV, repeated
every 5 minutes if necessary. (There is a minimum dose of 0.1 mg).



STREPTOMYCIN



Streptomycin sulfate and nitrate are used as pesticides for the control of a
variety of commercially important bacterial plant pathogens. Streptomycin is
an antibiotic derived from the growth of Streptomyces griseus.



Toxicology



This antibiotic shares a toxic profile with the aminoglycoside antibiotics
commonly used to treat human diseases. Its major modes of toxicity are neph-
rotoxicity and ototoxicity. Fortunately, it is poorly absorbed from the gastrointes-
tinal tract, so systemic toxicity is unlikely with ingestion.



Treatment



If a large amount of streptomycin has been ingested within one hour of the
patient’s receiving care, gastric emptying should be considered. Administration
of activated charcoal, as outlined in Chapter 2, should be considered.
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CHAPTER 8



Other Insecticides,
Acaricides, and Repellents



This chapter discusses insecticides, acaricides, and repellents that have toxico-
logic characteristics distinct from the insecticides discussed in previous chap-
ters. Pesticides reviewed include: alkyl phthalates, benzyl benzoate, borates,
chlordimeform, chlorobenzilate, cyhexatin, diethyltoluamide, fluorides,
haloaromatic urea compounds, methoprene, propargite, pyrethroids, and sulfur.



ALKYL PHTHALATES



Dimethyl phthalate has been widely used as an insect repellent applied
directly to the skin. Dibutylphthalate is impregnated into fabric for the same
purpose. It is more resistant to laundering than dimethyl phthalate.



Toxicology



Dimethyl phthalate is strongly irritating to the eyes and mucous membranes.
It has caused little or no irritation when applied to skin, and dermal absorption is
apparently minimal. It has not caused sensitization. Tests in rodents have indicated
low systemic toxicity, but large ingested doses cause gastrointestinal irritation,
central nervous system depression, coma, and hypotension.



Treatment



No antidote is available. Supportive measures (hydration, oxygen if needed)
are probably adequate to manage all but the most severe poisonings.



BENZYL BENZOATE



Toxicology



Incorporated into lotions and ointments, this agent has been used for many
years in veterinary and human medicine against mites and lice. Apart from
occasional cases of skin irritation, adverse effects have been few. The efficiency



HIGHLIGHTS



• Multiple agents, with
widely varying toxicity



• Careful history will usually
reveal exposure history



• Agents of particular
concern due to wide use
are pyrethroids,
diethyltoluamide, and
borates



Signs and Symptoms:



• Variable and highly related
to the specific agent



• Boric acid causes severe
erythematous and
exfoliative rash (boiled
lobster appearance)



• Agents such as boric acid,
diethyltoluamide, and
pyrethroids should be
suspected in cases of
unusual nervous system
symptoms



Treatment:



• Specific to the agents



• Skin and GI
decontamination



• Severe CNS symptoms may
require intensive care
management
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of skin absorption is not known. Absorbed benzyl benzoate is rapidly
biotransformed to hippuric acid which is excreted in the urine. When given in
large doses to laboratory animals, benzyl benzoate causes excitement, incoordi-
nation, paralysis of the limbs, convulsions, respiratory paralysis, and death. No
human poisonings have been reported.



Treatment



1. Skin decontamination. If significant irritant effect appears, medications
should be discontinued and the skin cleansed with soap and water. Eye con-
tamination should be treated by prolonged flushing with clean water or saline.



2. Gastrointestinal decontamination. If a potentially toxic amount has been
swallowed and retained and the patient is seen soon after exposure, gastrointes-
tinal decontamination should be considered as outlined in Chapter 2.



3. Seizures. If seizures occur, control may require anticonvulsant medication
as outlined in Chapter 2.



BORIC ACID AND BORATES



Boric acid is formulated as tablets and powder to kill larvae in livestock
confinement areas and cockroaches, ants, and other insects in residences. Rarely,
solutions are sprayed as a nonselective herbicide.



Toxicology



Boric acid powders and pellets scattered on the floors of homes do present
a hazard to children. Their frequent use for roach control increases access for
ingestion. A series of 784 patients has been described with no fatalities and
minimum toxicity. Only 12% of these patients had symptoms of toxicity, mostly
to the gastrointestinal tract.1 However, there have been some recent reports of
fatal poisonings,2,3 and a great many poisonings of newborns which occurred
in the 1950s and 1960s often ended in death.4,5 Historically, many poisonings
have resulted from injudicious uses in human medicine aimed at suppressing
bacterial growth, such as compresses for burns, powders for diaper rash, and
irrigation solutions.6,7 With the increased use of boric acid for roach control,
suicidal or accidental ingestion is still likely to occur.3,7



Borax dust is moderately irritating to skin. Inhaled dust caused irritation of
the respiratory tract among workers in a borax plant. Symptoms included nasal
irritation, mucous membrane dryness, cough, shortness of breath, and chest
tightness.8,9



Commercial Products



ALKYL PHTHALATES



dibutylphthalate
dimethyl phthalate
DMP



BENZYL BENZOATE



BORIC ACID AND BORATES



boric acid
sodium polyborates
Polybor 3



sodium tetraborate
decahydrate
Borax



CHLORDIMEFORM (nr)
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Acaraben
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Folbex
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Acarstin
Metaran
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Pennstyl
Plictran



DIETHYLTOLUAMIDE (DEET)



Auton
Detamide
Metadelphene
MGK
Muskol
Off!
Skeeter Beater
Skeeter Cheater
Skintastic for Kids



FLUORIDES



sodium fluoride (wood
protection only)
sodium fluosilicate (sodium
silico fluoride) (nr)
Prodan
Safsan



sodium fluoaluminate
Cryolite
Kryocide
Prokil
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When determining toxicity to boric acid from ingestion, it is important to
distinguish between acute and chronic exposure. Chronic ingestion is more
likely to cause significant toxicity than acute exposure.1,2 Borates are well ab-
sorbed by the gut and by abraded or burned skin, but not by intact skin.6 The
kidney efficiently excretes them. The residence half-life in humans averages 13
hours, in a range of 4-28 hours.1



The gastrointestinal tract, skin, vascular system, and brain are the principal
organs and tissues effected. Nausea, persistent vomiting, abdominal pain, and
diarrhea reflect a toxic gastroenteritis.1,2,7 Lethargy and headache may occur,
but are more infrequent.1 In severe poisonings, a beefy red skin rash, most often
affecting palms, soles, buttocks, and scrotum, has been described. It has been
characterized as a “boiled lobster appearance.” The intense erythema is fol-
lowed by extensive exfoliation.2,5,10 This may be difficult to distinguish from
staphylcoccal scalded skin syndrome.10



Headache, weakness, lethargy, restlessness, and tremors may occur, but are
less frequent than gastrointestinal effects.1 Seven infants who were exposed to a
mixture of borax and honey on their pacifiers developed seizures.11 Uncon-
sciousness and respiratory depression signify life-threatening brain injury. Cy-
anosis, weak pulse, hypotension, and cold clammy skin indicate shock, which is
sometimes the cause of death in borate poisoning.2,3,7



Acute renal failure (oliguria or anuria) may be a consequence of shock, of
direct toxic action on renal tubule cells, or both. It occurs in severe borate
poisoning.2,3,5,10 Metabolic acidosis may be a consequence of the acid itself, of
seizure activity, or of metabolic derangements.2 Fever is sometimes present in
the absence of infection.



Confirmation of Poisoning



Borate can be measured in serum by colorimetric methods, as well by
high-temperature atomic spectrometric methods. Urine borate concentrations
in non-exposed individuals are in the range of 0.004-.66 mg/dL. Normal se-
rum levels range up to 0.2 mg/dL in adults, and in children to 0.125 mg/dL.7



Levels reported in toxic incidents have varied widely, and it is felt that serum
levels are of little use in guiding therapy.1



Treatment



1. Skin decontamination. Wash skin with soap and water as outlined in
Chapter 2. Eye contamination should be removed by prolonged flushing of the
eye with copious amounts of clean water or saline. If irritation persists, special-
ized medical treatment should be obtained.



2. Gastrointestinal decontamination. In acute poisonings, if a large amount



Commercial Products
(Continued)
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(Continued on the next page)











OTHER INSECTICIDES   •  77



has been ingested and the patient is seen within one hour of exposure, gas-
trointestinal decontamination should be considered as outlined in Chapter 2. It
is important to keep in mind that vomiting and diarrhea are common, and
severe poisoning may be associated with seizures. Therefore induction of eme-
sis by syrup of ipecac is probably contraindicated in these exposures. Catharsis
is not indicated if diarrhea is present.



3. Intravenous fluids. If ingestion of borate has been massive (several grams),
or has extended over several days, administer intravenous glucose and electro-
lyte solutions to sustain urinary excretion of borate. Monitor fluid balance and
serum electrolytes (including bicarbonate capacity) regularly. Monitor cardiac
status by ECG. Test the urine for protein and cells to detect renal injury, and
monitor serum concentration of borate. Metabolic acidosis may be treated with
sodium bicarbonate. If shock develops, it may be necessary to infuse plasma or
whole blood. Administer oxygen continuously. If oliguria (less than 25-30 mL
urine formed per hour) occurs, intravenous fluids must be slowed or stopped to
avoid overloading the circulation. Such patients should usually be referred to a
center capable of providing intensive care for critically ill patients.



4. Hemodialysis. If renal failure occurs, hemodialysis may be necessary to
sustain fluid balance and normal extracellular fluid composition. Hemodialysis
has had limited success in enhancing clearance of borates.1



5. Peritoneal dialysis has been performed in borate poisoning5,12 and is felt to
be as effective as, and safer than, exchange transfusion in removing borate. No
large study of efficacy has been done, but it is still used somewhat less fre-
quently than hemodialysis.1



6. Seizures should be controlled as recommended for other agents and out-
lined Chapter 2.



CHLORDIMEFORM



Chlordimeform is an ovicide and acaricide. Formulations are emulsifiable
concentrates and water-soluble powders.



Toxicology



In a reported episode of occupational exposure to chlordimeform, several
workers developed hematuria. Hemorrhagic cystitis, probably due to chloraniline
biodegradation products, was the source of the blood in the urine. Symptoms
reported by the affected workers included gross hematuria, dysuria, urinary
frequency and urgency, penile discharge, abdominal and back pain, a general-
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ized “hot” sensation, sleepiness, skin rash and desquamation, a sweet taste, and
anorexia. Symptoms persisted for 2-8 weeks after exposure was terminated.13



In a single case, methemoglobinemia was reported.14 Chlordimeform is not a
cholinesterase inhibitor. Chlordimeform has been voluntarily cancelled in the
U.S. due to concerns regarding increased bladder cancer incidence seen in
manufacturing workers.



Confirmation of Poisoning



Although methods do exist for measurement of urinary excretion prod-
ucts, these tests are not generally available.



Treatment



1. Precautions. Strenuous efforts should be made to protect against inhalation
and dermal contact with chlordimeform because absorption is evidently effi-
cient.



2. Skin decontamination. Wash skin with soap and water as outlined in
Chapter 2. Eye contamination should be removed by prolonged flushing of the
eye with copious amounts of clean water or saline. If irritation persists, special-
ized medical treatment should be obtained.



3. Gastrointestinal decontamination. If chlordimeform has been ingested
no more than an hour prior to treatment, consider gastrointestinal decontami-
nation as outlined in Chapter 2. Repeated doses of charcoal every 2-4 hours
may be beneficial.



4. Hydration. Because catharsis may cause serious dehydration and electrolyte
disturbances in young children, fluid balance and serum electrolytes should be
monitored. An adequate state of hydration should be maintained by oral and/
or intravenous fluids to support chlordimeform excretion.



5. Urinary analysis. Repeated analyses of urine for protein and red cells
should be done to detect injury to the urinary tract. Disappearance of hema-
turia can ordinarily be expected in 2-8 weeks. Relief from other symptoms can
usually be expected earlier.



CHLOROBENZILATE



Chlorobenzilate is a chlorinated hydrocarbon acaricide, usually formulated
as an emulsion or wettable powder for application in orchards. Use in the
United States has been discontinued.
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Toxicology



Chlorobenzilate is moderately irritating to the skin and eyes. Although struc-
turally similar to DDT, chlorobenzilate is much more rapidly excreted following
absorption, chiefly in the urine as the benzophenone and benzoic acid deriva-
tives. Based on observation of dosed animals, extreme absorbed doses may cause
tremors, ataxia, and muscle weakness. There has been one case in humans of toxic
encephalopathy following spraying in a field for 14 days at 10 hours per day. The
patient did not wear a mask while spraying. His symptoms included muscle pain,
weakness, fever, and mental status changes progressing to a tonic-clonic seizure.
He recovered without sequelae within 6 days. Treatment included respiratory
support and seizure control with phenobarbital and phenytoin.15



Chlorobenzilate is not a cholinesterase inhibitor.



Treatment



1. Skin decontamination. Wash skin with soap and water as outlined in
Chapter 2. Eye contamination should be removed by prolonged flushing of the
eye with copious amounts of clean water or saline. If irritation persists, special-
ized medical treatment should be obtained.



2. Gastrointestinal decontamination. If a large amount of chlorobenzilate
was ingested within a few hours prior to treatment, consider gastrointestinal
decontamination as outlined in Chapter 2. If the absorbed dose of chlorobenzilate
was small, if treatment is delayed, and if the patient is asymptomatic, oral ad-
ministration of activated charcoal and sorbitol may be indicated. Do not give
fats or oils.



3. Seizures. Any seizures should be treated as outlined in Chapter 2.



CYHEXATIN



Toxicology



Tricyclohexyl tin hydroxide is formulated as a 50% wettable powder for
control of mites on ornamentals, hops, nut trees, and some fruit trees. It is
moderately irritating, particularly to the eyes. While information on the sys-
temic toxicity of this specific tin compound is lacking, it should probably be
assumed that cyhexatin can be absorbed to some extent across the skin, and that
substantial absorbed doses would cause nervous system injury (see organotin
compounds in Chapter 15, Fungicides). Cyhexatin has been voluntarily can-
celled in the United States.
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Treatment



1. Skin decontamination. Wash skin with soap and water. Remove contami-
nation from the eyes by prolonged flushing with clean water or saline.



2. Gastrointestinal decontamination. Management of poisonings by inges-
tion should proceed on the assumption that cyhexatin is toxic, even though
rodent LD



50
 values are fairly high, and no human poisonings have been re-



ported. Treatment should be as with other organotin compounds.



DIETHYLTOLUAMIDE (DEET)



This chemical is a widely-used liquid insect repellent, suitable for application
to skin or to fabrics. It comes in a wide range of concentrations from 5% (Off!,
Skintastic for KidsR) to 100% (MuskolR). Compared to the widespread use of the
product, there are relatively few cases of toxicity.16 However, if used improperly,
ingested, or a very high concentration is used on children, especially repeatedly
over large skin surfaces, the potential for severe toxicity exists.17 DEET is formu-
lated with ethyl or isopropyl alcohol.



Toxicology



For many years, diethyltoluamide has been effective and generally well
tolerated as an insect repellent applied to human skin, although tingling, mild
irritation, and sometimes desquamation have followed repeated application. In
some cases, DEET has caused contact dermatitis and excerbation of pre-exist-
ing skin disease.18,19 It is very irritating to the eyes, but not corrosive.



Serious adverse effects have occurred when used under tropical condition,
when it was applied to areas of skin that were occluded during sleep (mainly
the antecubital and popliteal fossae). Under these conditions, the skin became
red and tender, then exhibited blistering and erosion, leaving painful weeping
denuded areas that were slow to heal. Severe scarring occasionally resulted
from some of these severe reactions.20



DEET is efficiently absorbed across the skin and by the gut. Blood concen-
trations of about 0.3 mg/dL have been reported several hours after dermal
application in the prescribed fashion.17 The amount absorbed increases as the
concentration of DEET rises. In addition, many commercial formulations are
prepared with ethanol as a solvent, which further increases absorption.21 Toxic
encephalopathic reactions have apparently occurred in rare instances following
dermal application, mainly in children who were intensively treated.22, 23,24 The
more frequent cause of systemic toxicity has been ingestion: deliberate in adults
and accidental in young children.16,17
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Manifestations of toxic encephalopathy have been behavioral disorders in-
cluding headache, restlessness, irritability, ataxia, rapid loss of consciousness,
hypotension, and seizures. Some cases have shown flaccid paralysis and areflexia.
Deaths have occurred following very large doses.16,17,22 Blood levels of DEET
found in fatal systemic poisonings have ranged from 168 to 240 mg per liter.17



Interpretation of DEET toxicity in some fatal cases has been complicated by
effects of simultaneously ingested ethanol, tranquilizers, and other drugs. One
well-documented case of anaphylactic reaction to DEET has been reported.
One fatal case of encephalopathy in a child heterozygous for ornithine car-
bamoyl transferase deficiency resembled Reyes syndrome, but the postmortem
appearance of the liver was not characteristic of the syndrome.



Discretion should be exercised in recommending DEET for persons who have
acne, psoriasis, an atopic predisposition, or other chronic skin condition. It should
not be applied to any skin area that is likely to be opposed to another skin surface
for a significant period of time (antecubital and popliteal fossae, inguinal areas).22



Great caution should be exercised in using DEET on children. Avoid re-
peated application day after day. Applications should be limited to exposed
areas of skin, using as little repellent as possible and washing off after use. Do
not apply to eyes and mouth and, with young children, do not apply to their
hands. Low concentrations (10% or below) are effective and may be preferred
in most situations. There are formulations labeled for children that have
concentrations of 5 to 6.5% DEET.25 If continuous repellent protection is
necessary, DEET should be alternated with a repellent having another active
ingredient. If headache or any kind of emotional or behavioral change occurs,
use of DEET should be discontinued immediately.



Confirmation of Poisoning



Methods exist for measurement of DEET in blood and tissues and of me-
tabolites in urine, but these are not widely available.



Treatment



1. Skin decontamination. Wash skin with soap and water as outlined in
Chapter 2. Eye contamination should be removed by prolonged flushing of
the eye with copious amounts of clean water or saline. If irritation persists,
specialized medical treatment should be obtained. Topical steroids and oral
antihistamines have been used for severe skin reactions that occasionally
follow application of DEET.21



2. Gastrointestinal decontamination. If a substantial amount of DEET
has been ingested within an hour of treatment, gastrointestinal decontami-
nation should be considered as outlined in Chapter 2. Induced emesis is
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usually considered contraindicated in these poisonings due to the rapid
onset of seizures.



3. Seizures. Treatment is primarily supportive, with control of seizures by
anticonvulsants, as outlined in Chapter 2. Persons surviving poisoning by in-
gestion of DEET have usually recovered within 36 hours or less.16,17



FLUORIDES



Sodium fluoride is a crystalline mineral once widely used in the United
States for control of larvae and crawling insects in homes, barns, warehouses,
and other storage areas. It is highly toxic to all plant and animal life. The only
remaining use permitted is for wood treatement



Sodium fluosilicate (sodium silico fluoride) has been used to control ec-
toparasites on livestock, as well as crawling insects in homes and work build-
ings. It is approximately as toxic as sodium fluoride. All uses in the U.S. have
been cancelled.



Sodium fluoaluminate (Cryolite) is a stable mineral containing fluoride. It
is used as an insecticide on some vegetables and fruits. Cryolite has very low
water solubility, does not yield fluoride ion on decomposition, and presents
very little toxic hazard to mammals, including humans.



Hydrofluoric acid is an important industrial toxicant, but is not used as a
pesticide. Sulfuryl fluoride is discussed in Chapter 16, Fumigants.



Toxicology



Sodium fluoride and fluosilicate used as insecticides present a serious haz-
ard to humans because of high inherent toxicity, and the possibility that chil-
dren crawling on floors of treated dwellings will ingest the material.



Absorption across the skin is probably slight, and methods of pesticide use
rarely include a hazard of inhalation, but uptake of ingested fluoride by the gut
is efficient and potentially lethal. Excretion is chiefly in the urine. Within the
first 24 hours of intoxication, renal clearance of fluoride from the blood is
rapid. However, patients go on to continue to excrete large amounts of fluoride
for several days. This is thought to be due to a rapid binding of fluoride to a
body store, probably bone. The subsequent release of fluoride from bone is
gradual enough not to cause a recurrence of toxicity.26, 27 Large loads of ab-
sorbed fluoride may potentially poison renal tubule cells, resulting in acute
renal failure. Children will have greater skeletal uptake of fluoride than adults,
therefore limiting the amount the kidney needs to handle. Despite this, chil-
dren are still at great risk because of their smaller body mass compared to adults
in relation to the amount ingested.27
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The toxic effects of fluoride in mammals are multiple, and all may threaten
life. The primary effects from fluoride result from an inhibition of critical intra-
cellular enzymes and the direct effect on ionized calcium in extra-cellular fluid.
Hypocalcemia commonly occurs.26, 28,29, 30



Ingested fluoride is transformed in the stomach to hydrofluoric acid, which
has a corrosive effect on the epithelial lining of the gastrointestinal tract. Thirst,
abdominal pain, vomiting, and diarrhea are usual symptoms. Hemorrhage in
the gastric mucosa, ulceration, erosions, and edema are common signs.31



Absorbed fluoride ion reduces extracellular fluid concentrations of
calcium and magnesium. Hypocalcemia sometimes results in tetany.30 Cardiac
arrhythmia and shock are often prominent features of severe poisoning.
Hypotension and severe arrhythmia, sometimes progressing to ventricular
fibrillation, may also occur.26, 32 These probably result from combinations of
effects of fluid and electrolyte disturbances including hyperkalemia32 and direct
actions of fluoride on heart and vascular tissues. Fluoride may directly affect the
central nervous system, resulting in headache, muscle weakness, stupor,
convulsions, and coma.26,27,28 Respiratory failure and ventricular arrythmias are
common causes of death.26,27



Confirmation of Poisoning



A population drinking water with a concentration of 1 mg per liter will
have a plasma inorganic fluoride concentration between 0.01 and 0.03 mg per
liter28 and rarely above 0.10 mg per liter. In fatal cases of poisoning, plasma
levels of 3.5 mg per liter and higher have been recorded, although survival has
been reported in patients with levels as high as 14 mg per liter.26,28



Treatment: Fluoride Toxicosis



1. Skin decontamination. Wash skin with soap and water as outlined in
Chapter 2. Eye contamination should be removed by prolonged flushing of the
eye with copious amounts of clean water or saline. If irritation persists, special-
ized medical treatment should be obtained.



2. Gastrointestinal decontamination. If sodium fluoride or sodium
fluosilicate has been ingested, consider gastric decontamination as outlined in
Chapter 2.



If the victim is obtunded or if vomiting precludes oral administration, the
airway should be protected by endotracheal intubation, then the stomach should
be gently intubated and lavaged with several ounces of one of the liquids named
below. Activated charcoal is not likely to be of use because it does not bind the
fluoride ion well.
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3. Calcium and magnesium. If the victim is fully alert, and if vomiting does
not totally prevent swallowing of a neutralizing agent, prompt oral administra-
tion of milk, calcium gluconate, or magnesium citrate will precipitate
fluoride ion in the gut and therefore may be life-saving. The milk provides the
calcium ions that will bind to fluoride, thereby reducing absorption. Magne-
sium-based antacids have also been used to neutralize the acid and facilitate the
production of poorly absorbed salts.26  There are no data on the optimum
amounts to be administered.



4. Blood analysis. A blood specimen should be drawn for serum electrolyte
analysis for sodium, potassium, calcium, magnesium, fluoride, and bicarbon-
ate capacity. Blood should also be drawn to type and cross match for blood
transfusion.



5. Intravenous fluids (initially 5% dextrose in 0.9% saline) should be started
to combat dehydration, shock, and metabolic acidosis. Fluid balance should be
monitored closely to forestall fluid overload if renal failure occurs. If metabolic
acidosis is detected, sodium bicarbonate should be administered to keep the
urine alkaline as this may hasten excretion.27 Intravenous fluids must be stopped
if anuria or oliguria (less than 25-30 mL per hour) develops.



6. Hemodialysis should be reserved for compromised renal function.26



7. Monitor cardiac status by continuous electrocardiography. Ventricular
arrhythmia may necessitate DC cardioversion.



8. Tetany. If overt or latent tetany occurs, or if hypocalcemia is demonstrated,
or if it appears likely that a significant amount of fluoride has been absorbed,
administer 10 mL of 10% calcium gluconate intravenously, at no more than
1 mL per minute.



Dosage of Calcium Gluconate:
Supplied as 100 mg/mL (10% solution)



• Adults and children over 12 years: 10 mL of 10% solution, given slowly,
intravenously. Repeat as necessary.



• Children under 12 years: 200-500 mg/kg/24 hr divided Q6 hr. For
cardiac arrest, 100 mg/kg/dose. Repeat dosage as needed.



9. Oxygen by mask should be administered for hypotension, shock, cardiac
arrhythmia, or cyanosis. Shock may require administration of plasma or blood.
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10. Acid Burns. Since these compounds can cause severe acid burns to the
esophagus and stomach, patients should be referred for surgical evaluation and
endoscopy. If burns are documented, treatment for acid burns should be con-
tinued by a surgeon or gastroenterologist.



Treatment: Sodium Fluoaluminate (Cryolite)



Cryolite is much less toxic than other fluorides. If a very large amount has
been ingested, it may be appropriate to measure serum calcium to insure that
hypocalcemia has not occurred. If so, intravenous 10% calcium gluconate would
be indicated (see 8 above). It is unlikely that treatment for fluoride toxicity
would be necessary following ingestion of sodium fluoaluminate.



HALOAROMATIC SUBSTITUTED UREAS



Diflubenzuron is a haloaromatic substituted urea which controls insects by
impairing chitin deposition in the larval exoskeleton. It is formulated in wet-
table powders, oil dispersible concentrate, and granules for use in agriculture
and forestry, for aerial application against gypsy moth, and in settings where fly
populations tend to be large, such as feedlots. Teflubenzuron is another
haloaromatic substituted urea insecticide with similar toxicologic properties.



Toxicology



There is limited absorption of diflubenzuron across the skin and intestinal
lining of mammals, after which enzymatic hydrolysis and excretion rapidly
eliminate the pesticide from tissues. Irritant effects are not reported and sys-
temic toxicity is low. Methemoglobinemia is a theoretical risk from chloraniline
formed hydrolytically, but no reports of this form of toxicity have been re-
ported in humans or animals from diflubenzuron exposure. Teflubenzuron also
shows low systemic toxicity.



Treatment



1. Skin decontamination. Wash skin with soap and water as outlined in
Chapter 2. Eye contamination should be removed by prolonged flushing of the
eye with copious amounts of clean water or saline. If irritation persists, obtain
specialized medical treatment. Sensitization reactions may require steroid therapy.



2. Gastrointestinal decontamination. If large amounts of propargite have
been ingested and the patient is seen within an hour, consider gastrointestinal
decontamination. For small ingestions, consider oral administration of activated
charcoal and sorbitol.
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METHOPRENE



Methoprene is a long chain hydrocarbon ester active as an insect growth
regulator. It is effective against several insect species. Formulations include slow-
release briquets, sprays, foggers, and baits.



Toxicology



Methoprene is neither an irritant nor a sensitizer in humans or laboratory
animals.  Systemic toxicity in laboratory animals is very low. No human poi-
sonings or adverse reactions in exposed workers have been reported.



Treatment



1. Skin decontamination. Wash contaminated skin with soap and water.
Flush contamination from eyes with copious amounts of clean water or saline.
If irritation persists, medical attention must be obtained.



2. Gastrointestinal decontamination. If a very large amount of methoprene
has been ingested, oral administration of charcoal may be considered.



PROPARGITE



Propargite is an acaricide with residual action. Formulations are wettable
powders and emulsifiable concentrates.



Toxicology



Propargite exhibits very little systemic toxicity in animals. No systemic
poisonings have been reported in humans. However, many workers having
dermal contact with this acaricide, especially during the summer months, have
experienced skin irritation and possibly sensitization in some cases.33 Eye irri-
tation has also occurred. For this reason, stringent measures should be taken to
prevent inhalation or any skin or eye contamination by propargite.



Confirmation of Poisoning



There is no readily available method for detecting absorption of propargite.
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Treatment



Treatment of contamination and ingestions should proceed essentially as
outlined for haloaromatic substituted urea.



PYRETHROIDS



These modern synthetic insecticides are similar chemically to natural pyre-
thrins, but modified to increase stability in the natural environment. They are
now widely used in agriculture, in homes and gardens, and for treatment of
ectoparasitic disease.



Pyrethroids are formulated as emulsifiable concentrates, wettable powders,
granules, and concentrates for ultra low volume application. They may be com-
bined with additional pesticides (sometimes highly toxic) in the technical product
or tank-mixed with other pesticides at the time of application. AASTAR (dis-
continued 1992), for instance, was a combination of flucythrinate and phorate.
Phorate is a highly toxic organophosphate. Nix and Elimite are permethrin
creams applied to control human ectoparasites.



Toxicology



Certain pyrethroids exhibit striking neurotoxicity in laboratory animals when
administered by intravenous injection, and some are toxic by the oral route. How-
ever, systemic toxicity by inhalation and dermal absorption is low. Although lim-
ited absorption may account for the low toxicity of some pyrethroids, rapid
biodegradation by mammalian liver enzymes (ester hydrolysis and oxidation) is
probably the major factor responsible for this phenomenon.34 Most pyrethroid
metabolites are promptly excreted, at least in part, by the kidney.



The most severe, although more uncommon, toxicity is to the central ner-
vous system. Seizures have been reported in severe cases of pyrethroid intoxica-
tion. Of 573 cases reviewed in China, there were 51 cases with disturbed
consciousness and 34 cases with seizures. Of those, only 5 were from occupa-
tional exposure.35 Seizures are more common with exposure to the more toxic
cyano-pyrethroids, which include fenvalerate, flucythrinate, cypermethrin,
deltapermethrin, and fluvalinate.34 There are no reports in the literature of sei-
zures in humans from exposure to permethrin.



Apart from central nervous system toxicity, some pyrethroids do cause dis-
tressing paresthesias when liquid or volatilized materials contact human skin.
Again, these symptoms are more common with exposure to the pyrethroids
whose structures include cyano-groups.34 Sensations are described as stinging,
burning, itching, and tingling, progressing to numbness.35, 36,37 The skin of the
face seems to be most commonly affected, but the face, hands, forearms, and
neck are sometimes involved. Sweating, exposure to sun or heat, and applica-
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tion of water enhance the disagreeable sensations. Sometimes the effect is noted
within minutes of exposure, but a 1-2 hour delay in appearance of symptoms is
more common.36, 37 Sensations rarely persist more than 24 hours. Little or no
inflammatory reaction is apparent where the paresthesia are reported; the effect
is presumed to result from pyrethroid contact with sensory nerve endings in
the skin. The paresthetic reaction is not allergic in nature, although sensitization
and allergic responses have been reported as an independent phenomenon with
pyrethroid exposure. Neither race, skin type, nor disposition to allergic disease
affects the likelihood or severity of the reaction.



Persons treated with permethrin for lice or flea infestations sometimes ex-
perience itching and burning at the site of application, but this is chiefly an
exacerbation of sensations caused by the parasites themselves, and is not typical
of the paresthetic reaction described above.



Other signs and symptoms of toxicity include abnormal facial sensation, diz-
ziness, salivation, headache, fatigue, vomiting, diarrhea, and irritability to sound
and touch. In more severe cases, pulmonary edema and muscle fasciculations can
develop.35 Due to the inclusion of unique solvent ingredients, certain formula-
tions of fluvalinate are corrosive to the eyes. Pyrethroids are not cholinesterase
inhibitors. However, there have been some cases in which pyrethroid poisoning
has been misdiagnosed as organophosphate poisoning, due to some of the similar
presenting signs, and some patients have died from atropine toxicity.35



Treatment



1. Skin decontamination. Wash skin promptly with soap and water as out-
lined in Chapter 2. If irritant or paresthetic effects occur, obtain treatment by a
physician. Because volatilization of pyrethroids apparently accounts for pares-
thesia affecting the face, strenuous measures should be taken (ventilation, pro-
tective face mask and hood) to avoid vapor contact with the face and eyes.
Vitamin E oil preparations (dL-alpha tocopheryl acetate) are uniquely effective
in preventing and stopping the paresthetic reaction.37, 38 They are safe for appli-
cation to the skin under field conditions. Corn oil is somewhat effective, but
possible side effects with continuing use make it less suitable. Vaseline is less
effective than corn oil. Zinc oxide actually worsens the reaction.



2. Eye contamination. Some pyrethroid compounds can be very corrosive
to the eyes. Extraordinary measures should be taken to avoid eye contamina-
tion. The eye should be treated immediately by prolonged flushing of the eye
with copious amounts of clean water or saline. If irritation persists, obtain pro-
fessional ophthalmologic care.



3. Gastrointestinal decontamination. If large amounts of pyrethroids, espe-
cially the cyano-pyrethroids, have been ingested and the patient is seen soon
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after exposure, consider gastrointestinal decontamination as outlined in Chap-
ter 2. Based on observations in laboratory animals34 and humans,35 large ingestions
of allethrin, cismethrin, fluvalinate, fenvalerate, or deltamethrin would be the
most likely to generate neurotoxic manifestations.



If only small amounts of pyrethroid have been ingested, or if treatment
has been delayed, oral administration of activated charcoal and cathartic prob-
ably represents optimal management. Do not give cathartic if patient has
diarrhea or an ileus.



4. Other treatments. Several drugs are effective in relieving the pyrethroid
neurotoxic manifestations observed in deliberately poisoned laboratory animals,
but none has been tested in human poisonings. Therefore, neither efficacy nor
safety under these circumstances is known. Furthermore, moderate neurotoxic
symptoms and signs are likely to resolve spontaneously if they do occur.



5. Seizures. Any seizures should be treated as outlined in Chapter 2.



SULFUR



Elemental sulfur is an acaricide and fungicide widely used on orchard,
ornamental, vegetable, grain, and other crops. It is prepared as dust in various
particle sizes and applied as such, or it may be formulated with various minerals
to improve flowability, or applied as an aqueous emulsion or wettable powder.



Toxicology



Elemental sulfur is moderately irritating to the skin and is associated with
occupationally related irritant dermatitis.39 Airborne dust is irritating to the
eyes and the respiratory tract. In hot sunny environments, there may be some
oxidation of foliage-deposited sulfur to gaseous sulfur oxides, which are very
irritating to the eyes and respiratory tract.



Ingested sulfur powder induces catharsis, and has been used medicinally
(usually with molasses) for that purpose. Some hydrogen sulfide is formed in
the large intestine and this may present a degree of toxic hazard. The character-
istic smell of rotten eggs may aid in the diagnosis. An adult has survived inges-
tion of 200 grams.40



Ingested colloidal sulfur is efficiently absorbed by the gut and is promptly
excreted in the urine as inorganic sulfate.
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Treatment



1. Skin decontamination. Wash skin with soap and water. Contamination of
the eyes should be removed by prolonged flushing with clean saline or water. If
eye irritation persists, obtain ophthamologic care.



2. Gastrointestinal decontamination. Unless an extraordinary amount of
sulfur (several grams) has been ingested shortly prior to treatment, there is
probably no need for gastrointestinal decontamination. Adsorbability of sulfur
on activated charcoal has not been tested.



The most serious consequence of sulfur ingestion is likely to be that of
catharsis, resulting in dehydration and electrolyte depletion, particularly in chil-
dren. If diarrhea is severe, oral or intravenous administration of glucose and/or
electrolyte solutions may be appropriate.
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CHAPTER 9



Chlorophenoxy Herbicides



Chlorophenoxy compounds are sometimes mixed into commercial fertilizers
to control growth of broadleaf weeds. Several hundred commercial products
contain chlorophenoxy herbicides in various forms, concentrations, and com-
binations. In some cases, the same name is used for products with different
ingredients. The exact composition must therefore be determined from the
product label. Sodium, potassium, and alkylamine salts are commonly formu-
lated as aqueous solutions, while the less water-soluble esters are applied as
emulsions. Low molecular weight esters are more volatile than the acids, salts,
or long-chain esters.



Toxicology



Some of the chlorophenoxy acids, salts, and esters are moderately irritating
to skin, eyes, and respiratory and gastrointestinal linings. In a few individuals,
local depigmentation has apparently resulted from protracted dermal contact
with chlorophenoxy compounds.



Chlorophenoxy compounds are well absorbed from the gastrointestinal
tract.1 They are less well absorbed from the lung. Cutaneous absorption appears
to be minimal.2 The compounds are not significantly stored in fat. Excretion
occurs almost entirely by way of urine. Apart from some conjugation of the
acids, there is limited biotransformation in the body.1,2 The compounds are
highly protein bound.2 The average residence half-life of 2,4-D in humans is
between 13 and 39 hours,1,3,4,5 while that of 2,4,5-T is about 24 hours. Excre-
tion is greatly enhanced in alkaline urine,4,5,6 and with a half-life as prolonged
as 70-90 hours with acidic urine.6 Half-life is also longer with large doses and
prolonged exposure.



Given in large doses to experimental animals, 2,4-D causes vomiting, diar-
rhea, anorexia, weight loss, ulcers of the mouth and pharynx, and toxic injury
to the liver, kidneys, and central nervous system. Myotonia (stiffness and inco-
ordination of hind extremities) develops in some species and is apparently due
to CNS damage: demyelination has been observed in the dorsal columns of the
cord, and EEG changes have indicated functional disturbances in the brains of
heavily-dosed experimental animals.



Ingestion of large amounts of chlorophenoxy acids has resulted in severe
metabolic acidosis in humans. Such cases have been associated with electrocar-



HIGHLIGHTS



Signs and Symptoms:



• Irritating to skin and
mucous membranes



• Vomiting, diarrhea,
headache, confusion,
bizarre or aggressive
behavior, peculiar odor on
breath



• Metabolic acidosis, renal
failure, tachycardia



Treatment:



• Washing, GI
decontamination



• Administer IV



• Forced alkaline diuresis
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diographic changes, myotonia, muscle weakness, myoglobinuria, and elevated
serum creatine phosphokinase, all reflecting injury to striated muscle.
Chlorophenoxy acids are weak uncouplers of oxidative phosphorylation; there-
fore, extraordinary doses may produce hyperthermia from increased produc-
tion of body heat.5



In the manufacture of some of these herbicides, other more toxic sub-
stances can be formed at excessive temperatures. These include chlorinated
dibenzo dioxin (CDD) and chlorinated dibenzo furan (CDF). The 2,3,7,8-
tetra CDD form is extraordinarily toxic to multiple mammalian tissues; it is
formed only in the synthesis of 2,4,5-T. Hexa-, hepta-, and octa-compounds
exhibit less systemic toxicity, but are the likely cause of chloracne (a chronic,
disfiguring skin condition) seen in workers engaged in the manufacture of
2,4,5-T and certain other chlorinated organic compounds.7 Although toxic
effects, notably chloracne, have been observed in manufacturing plant workers,
these effects have not been observed in formulators or applicators regularly
exposed to 2,4,5-T or other chlorophenoxy compounds. All uses of 2,4,5-T in
the U.S. have been cancelled.



The medical literature contains reports of peripheral neuropathy following
what seemed to be minor dermal exposures to 2,4-D.8 It is not certain that
exposures to other neurotoxicants were entirely excluded in these cases. Single
doses of 5 mg/kg body weight of 2,4-D and 2,4,5-T have been administered to
human subjects without any adverse effects. One subject consumed 500 mg of
2,4-D per day for 3 weeks without experiencing symptoms or signs of illness.



Signs and Symptoms of Poisoning



Chlorophenoxy compounds are moderately irritating to skin and mucous
membranes. Inhalation of sprays may cause burning sensations in the nasophar-
ynx and chest, and coughing may result. Prolonged inhalation sometimes causes
dizziness. Adjuvant chemicals added to enhance foliage penetration might ac-
count for the irritant effects of some formulations.



Manifestations of systemic toxicity of chlorophenoxy compounds are known
mainly from clinical experience with cases of deliberate suicidal ingestion of
large quantities. Most reports of fatal outcomes involve renal failure, acidosis,
electrolyte imbalance, and a resultant multiple organ failure.3,6,9 The agents most
often involved in these incidents have been 2,4-D and mecoprop. The toxic
effects of other chlorophenoxy compounds are probably similar but not identical.



Patients will present within a few hours of ingestion with vomiting, diar-
rhea, headache, confusion, and bizarre or aggressive behavior. Mental status
changes occur with progression to coma in severe cases.4,5,6 A peculiar odor is
often noticed on the breath. Body temperature may be moderately elevated,
but this is rarely a life-threatening feature of the poisoning. The respiratory
drive is not depressed. Conversely, hyperventilation is sometimes evident, prob-



Commercial Products



2,4-dichlorophenoxyacetic acid
(2,4-D)



2,4-dichlorophenoxypropionic
acid (2,4-DP)
dichlorprop



2,4-dichlorophenoxybutyric
acid (2,4-DB)



2,4,5-trichlorophenoxy acetic
acid (2,4,5-T)



MCPA
MCPB
mecoprop (MCPP)
2-methyl-3, 6 dichlorobenzoic
acid
Banvel
Dicamba
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ably secondary to the metabolic acidosis that occurs. Muscle weakness and
peripheral neuropathy have been reported after occupational exposure.6 Con-
vulsions occur very rarely. With effective urinary excretion of the toxicant,
consciousness usually returns in 48-96 hours.4,5,6



As mentioned above, chlorophenoxy compounds cause significant meta-
bolic changes. Metabolic acidosis is manifest as a low arterial pH and bicarbon-
ate content. The urine is usually acidic. Skeletal muscle injury, if it occurs, is
reflected in elevated creatine phosphokinase, and sometimes myoglobinuria.
Moderate elevations of blood urea nitrogen and serum creatinine are com-
monly found as the toxicant is excreted. Cases of renal failure are reported,
often with an accompanying hyperkalemia or hypocalcemia that was thought
to result in the cardiovascular instability that led to death.3,9 Tachycardia is com-
monly observed, and hypotension has also been reported.3,4,6 T-wave flattening
has also been observed.5 Mild leukocytosis and biochemical changes indicative
of liver cell injury have been reported.



Myotonia and muscle weakness may persist for months after acute poison-
ing.5 Electromyographic and nerve conduction studies in some recovering pa-
tients have demonstrated a mild proximal neuropathy and myopathy.



Confirmation of Poisoning



Gas-liquid chromatographic methods are available for detecting
chlorophenoxy compounds in blood and urine. These analyses are useful in
confirming and assessing the magnitude of chlorophenoxy absorption. Poison-
ing characterized by unconsciousness has shown initial blood chlorophenoxy
concentrations ranging from 80 to more than 1000 mg per liter.4 Urine samples
should be collected as soon as possible after exposure because the herbicides
may be almost completely excreted in 24-72 hours under normal conditions.
Urine samples can also confirm overexposure. In a study of asymptomatic her-
bicide applicators, their urinary excretion of chlorophenoxy compounds rarely
exceeded 1-2 mg/L.10 The half-life may be much longer in cases of intoxica-
tion depending on the extent of absorption and urine pH.



Analyses can be performed at special laboratories usually known to local poi-
son control centers. If the clinical scenario indicates that excessive exposure to
chlorophenoxy compounds has occurred, initiate appropriate treatment measures
immediately. Do not wait for chemical confirmation of toxicant absorption.



Treatment



1. Precautions. Individuals with chronic skin disease or known sensitivity to
these herbicides should either avoid using them or take strict precautions to
avoid contact (respirator, gloves, etc.).
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2. Respiratory protection. If any symptoms of illness occur during or fol-
lowing inhalation of spray, remove victim from contact with the material for at
least 2-3 days. Allow subsequent contact with chlorophenoxy compounds only
if effective respiratory protection is practiced.



3. Skin decontamination. Flush contaminating chemicals from eyes with
copious amounts of clean water for 10-15 minutes. If irritation persists, an
ophthalmologic examination should be performed.



4. Gastrointestinal decontamination. If substantial amounts of chlorophenoxy
compounds have been ingested, spontaneous emesis may occur. Gastric decon-
tamination procedures may be considered, as outlined in Chapter 2.



5. Intravenous fluids. Administer intravenous fluids to accelerate excretion of
the chlorophenoxy compound, and to limit concentration of the toxicant in
the kidney. A urine flow of 4-6 mL/minute is desirable. Intravenous saline/
dextrose has sufficed to rescue comatose patients who drank 2,4-D and mecoprop
several hours before hospital admission.



Caution: Monitor urine protein and cells, BUN, serum creatinine, serum
electrolytes, and fluid intake/output carefully to insure that renal function re-
mains unimpaired and that fluid overload does not occur.



6. Diuresis. Forced alkaline diuresis has been used successfully in management
of suicidal ingestions of chlorophenoxy compounds, especially when initiated
early.4,5,6 Alkalinizing the urine by including sodium bicarbonate (44-88 mEq
per liter) in the intravenous solution accelerates excretion of 2,4-D dramati-
cally and mecoprop excretion substantially. Urine pH should be maintained
between 7.6 and 8.8. Include potassium chloride as needed to offset increased
potassium losses: add 20-40 mEq of potassium chloride to each liter of intrave-
nous solution. It is crucial to monitor serum electrolytes carefully, especially
potassium and calcium.



There may possibly be some hazard to the kidneys when urine concentra-
tions of toxicant are very high, so the integrity of renal function and fluid
balance should be monitored carefully as the chlorophenoxy compound is ex-
creted. Renal failure has occurred in patients with severe intoxication during
alkaline diuresis. In one case, the diuresis was begun 26 hours after ingestion,6



and the other two were initiated a couple days after poisoning.3,9



7. Hemodialysis is not likely to be of significant benefit in poisonings by
chlorophenoxy compounds. It has been used in four patients who survived
intoxication.11 However, given the highly protein-bound nature of these herbi-
cides and lack of any other evidence, hemodialysis is not recommended.2
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8. Follow-up clinical examination should include electromyographic and
nerve conduction studies to detect any neuropathic changes and neuromuscu-
lar junction defects.



General Chemical Structure
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CHAPTER 10



Pentachlorophenol



Pentachlorophenol (PCP) is currently registered in the United States only as
a restricted use pesticide for use as a wood preservative. PCP has been used as
an herbicide, algacide, defoliant, wood preservative, germicide, fungicide, and
molluscicide.1 As a wood preservative, it is commonly applied as a 0.1% solu-
tion in mineral spirits, No. 2 fuel oil, or kerosene. It is used in pressure treat-
ment of lumber at 5% concentration. Weed killers have contained higher
concentrations.



Pentachlorophenol volatilizes from treated wood and fabric. It has a signifi-
cant phenolic odor, which becomes quite strong when the material is heated.
Excessively treated interior surfaces may be a source of exposure sufficient to
cause irritation of eyes, nose, and throat.



Technical PCP contains lower chlorinated phenols (4-12%) plus traces of
chlorobenzodioxins, chlorobenzofurans, and chlorobenzenes. Incomplete com-
bustion of PCP-treated wood may lead to the formation of these compounds.



Toxicology



PCP is readily absorbed across the skin, the lungs, and the gastrointestinal
lining. In animals, the dermal LD50 is of the same order of magnitude as the
oral. With acute exposure it is rapidly excreted, mainly in the urine, as un-
changed PCP and as PCP glucuronide. In chronic exposures, the elimination
half-life has been reported to be very long, up to 20 days.2 In another study,
three volunteers took consecutive oral doses of PCP, and a half-life of 20 days
was also found. The long half-life was attributed to the low urinary clearance
because of high protein binding.3 In the blood, a large fraction of absorbed
PCP is protein-bound. It is widely distributed to other tissues in the body,
including kidney, heart, and adrenal glands.



At certain concentrations, PCP is irritating to mucous membranes and
skin. Contact dermatitis is common among workers having contact with PCP.
In a study of employees involved in the manufacture of PCP, chloracne was
found in 7% of the workers, and the risk was significantly higher among em-
ployees with documented skin contact compared to employees without skin
contact.4 Urticaria has also been reported as an uncommon response in ex-
posed persons.



HIGHLIGHTS



• Absorbed by skin, lung, GI
lining



• Fatalities reported,
associated with intensive
exposure in hot
environments



Signs and Symptoms:



• Irritation of the nose,
throat, and eyes



• Hyperthermia, muscle
spasm, tremor, labored
breathing, and chest
tightness indicate serious
poisoning



Treatment:



• No specific antidote



• Control fever, replace fluids,
oxygen



• Decontaminate eyes, skin,
hair, clothing



• Monitor cardiac status,
control agitation



Contraindicated:



• Salicylates for fever control
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The primary toxicological mechanism is increased cellular oxidative me-
tabolism resulting from the uncoupling of oxidative phosphorylation. Heat pro-
duction is increased and leads to clinical hyperthermia. This clinical state may
mimic the signs and symptoms found in hyperthyroidism. Internally, large doses
are toxic to the liver, kidneys, and nervous system.



Based on laboratory experimentation on animals, PCP has been reported
to have fetotoxic and embrotoxic properties and to bind to various hormone
receptors.5, 6 Epidemiological evidence suggests exposed persons may be at risk
for miscarriages, reduced birth weight, and other malformations.7,8



Albuminuria, glycosuria, aminoaciduria, and elevated BUN reflect renal
injury. Liver enlargement, anemia, and leukopenia have been reported in some
intensively exposed workers. Elevated serum alkaline phosphatase, AST, and
LDH enzymes indicate significant insult to the liver, including both cellular
damage and some degree of biliary obstruction.



Signs and Symptoms of Poisoning



The most common effects of airborne PCP include local irritation of the
nose, throat, and eyes, producing a stuffy nose, scratchy throat, and tearing.
Dermal exposure is also common and may lead to irritation, contact dermatitis,
or more rarely, diffuse urticaria or chloracne. Individual cases of exfoliative
dermatitis of the hands and diffuse urticaria and angioedema of the hands have
been reported in intensively exposed workers. Several infant deaths occurred in
a nursery where a PCP-containing diaper rinse had been used.



Severe poisoning and death have occurred as a result of intensive PCP
exposure. Acute poisoning occurs with systemic absorption which can occur
by any route of sufficient dosage. Most occupational poisonings occur through
dermal contact. Hyperthermia, muscle spasm, tremor, labored breathing, and
chest tightness indicate serious poisoning. The patient may also complain of
abdominal pain, and exhibit vomiting, restlessness, and mental confusion. Ta-
chycardia and increased respiratory rate are usually apparent. Other commonly
reported signs and symptoms of systemic poisoning include profuse sweating,
weakness, dizziness, anorexia, and intense thirst. Workers exposed over long
periods may experience weight loss.



Most adult fatalities have occurred in persons working in hot environ-
ments where hyperthermia is poorly tolerated. Cases of aplastic anemia and
leukemia have been reported which were associated temporally with PCP ex-
posure. Causal relationships in these cases were not established.9 Peripheral neu-
ropathies have also been reported in some cases of long-term occupational
exposure; however, a causal relationship has not been supported by longitudi-
nal studies.10



Commercial Products



Chlorophen
PCP
Penchlorol
Penta
Pentacon
Penwar
Sinituho



The sodium salt is sodium
pentachlorophenate.
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Confirmation of Poisoning



If poisoning is strongly suspected on the basis of exposure, symptoms, and
signs, do not postpone treatment until diagnosis is confirmed.



PCP can be measured in blood, urine, and adipose tissue by gas-liquid
chromatography. Plasma levels can be much greater than urine levels (ratio of
blood to urine is 1.0 to 2.5) so care must be taken in interpreting results.10,11



There is no clear-cut determination of what constitutes an abnormally high
level of PCP, and there is great variability among different references. Most
information on the extent of serum levels in relation to toxicity is based on
individual cases or small series of patients. Reports exist of asymptomatic in-
fants with serum levels as high as 26 parts per million (ppm).11,12 However, most
reports of non-occupational exposure in the general public involve levels in the
parts per billion range.1,13-15 Food is probably the main source of this nano-
gram-level dosage.1 Serum levels among occupationally exposed persons often
exceed 1 ppm.1 A report of a lethal case describes a plasma level of 16 ppm,16



but most cases generally involve serum levels in the range of 100 ppm or
higher.11,17 It is reasonable to assume that levels greater than 1 ppm are consis-
tent with an unusual exposure and that levels approaching 100 ppm are cause
for great concern.



Treatment



1. Supportive treatment and hyperthermia control. There is no specific
antidote to the poisoning; therefore treatment is supportive in nature including
oxygen, fluid replacement, and most importantly, fever control.



Reduce elevated body temperature by physical means. Administer sponge
baths and use fans to increase evaporation.18 In fully conscious patients, admin-
ister cold, sugar-containing liquids by mouth as tolerated. Cooling blankets and
ice packs to body surfaces may also be used.



Antipyretic therapy with salicylates is strongly contraindicated as salicy-
lates also uncouple oxidative phosphorylation. Other antipyretics are thought
to be of no use because of the peripherally mediated mechanism of hyperther-
mia in poisoning of this nature. Neither the safety nor the effectiveness of the
other antipyretics has been tested.



Administer oxygen continuously by mask to minimize tissue anoxia. Un-
less there are manifestations of cerebral or pulmonary edema or of inadequate
renal function, administer intravenous fluids to restore hydration and support
physiologic mechanisms for heat loss and toxicant disposition. Monitor serum
electrolytes, adjusting IV infusions to stabilize electrolyte concentrations. Fol-
low urine contents of albumin and cells, and keep an accurate hourly record of
intake/output to forestall fluid overload if renal function declines.



Caution: In the presence of cerebral edema and/or impaired renal func-
tion, intravenous fluids must be administered very cautiously to avoid increased
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intracranial pressure and pulmonary edema. Central monitoring of venous and
pulmonary wedge pressures may be indicated. Such critically ill patients should
be treated in an intensive care unit.



2. Skin decontamination. Flush the chemical from eyes with copious amounts
of clean water. Perform skin decontamination as described in Chapter 2.



3. Cardiopulmonary monitoring. In severe poisonings, monitor pulmo-
nary status carefully to insure adequate gas exchange, and monitor cardiac sta-
tus by ECG to detect arrhythmias. The toxicant itself and severe electrolyte
disturbances may predispose to arrhythmias and myocardial weakness.



4. Neurological. To reduce production of heat in the body, control agitation and
involuntary motor activity with sedation. Lorazepam or other benzodiazepines
should be effective, although use of these drugs in these poisonings has not been
reported. If lorazepam is chosen, administer slowly, intravenously.



Dosage of Lorazepam:



• Adults: 2-4 mg/dose IV given over 2-5 minutes. Repeat if necessary
to a maximum of 8 mg in a 12-hour period.



• Adolescents: Same as adult dose, except maximum dose is 4 mg.



• Children under 12 years: 0.05-0.10 mg/kg IV over 2-5 minutes. Re-
peat if necessary 0.05 mg/kg 10-15 minutes after first dose, with a
maximum dose of 4 mg.



Caution: Be prepared to assist pulmonary ventilation mechanically if
respiration is depressed, to intubate the trachea if laryngospasm occurs,
and to counteract hypotensive reactions.



5. Gastrointestinal decontamination. If PCP has been ingested in a quan-
tity sufficient to cause poisoning and the patient presents within one hour,
consider gastric decontamination as outlined in Chapter 2.



6. Nutrition. During convalescence, administer a high-calorie, high-vitamin
diet to restore body fat and carbohydrates. Discourage subsequent contact with
the toxicant for 4-8 weeks (depending on severity of poisoning) to allow full
restoration of normal metabolic processes.
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Chemical Structure
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CHAPTER 11



Nitrophenolic and
Nitrocresolic Herbicides



These highly toxic chemicals have many uses in agriculture worldwide, as her-
bicides (weed-killing and defoliation), acaricides, nematocides, ovicides, and
fungicides. Relatively insoluble in water, most technical products are dissolved
in organic solvents and formulated for spray application as emulsions. There are
some wettable powder formulations. Only dinocap continues to have active
registrations in the United States.



Toxicology



Nitroaromatic compounds are highly toxic to humans and animals with
LD50s in the range of 25 to 50 mg/kg.1 Most nitrophenols and nitrocresols are
well absorbed by the skin, gastrointestinal tract, or lung when fine droplets are
inhaled.2 Fatal poisonings have occurred as a result of dermal contamination;
more common is a moderate irritation of the skin and mucous membranes.



Nitrophenols and nitrocresols undergo some biotransformation in humans,
chiefly reduction (one nitro group to an amino group) and conjugation at the
phenolic site. Although nitrophenols and metabolites appear consistently in
the urine of poisoned individuals, hepatic excretion is probably the main route
of disposition. Elimination is slow with a documented half-life in humans be-
tween 5 and 14 days.1 Blood and tissue concentrations tend to increase pro-
gressively if an individual is substantially exposed on successive days.



The basic mechanism of toxicity is stimulation of oxidative metabolism in
cell mitochondria, by the uncoupling of oxidative phosphorylation. This leads
to hyperthermia, tachycardia, headache, malaise, and dehydration, and in time,
depletes carbohydrate and fat stores. The major systems prone to toxicity are
the hepatic, renal, and nervous systems. The nitrophenols are more active as
uncouplers than chlorophenols such as pentachlorophenol (described in chap-
ter 10). Hyperthermia and direct toxicity on the brain cause restlessness and
headache, and in severe cases, seizures, coma, and cerebral edema. The higher
the ambient temperature, such as in an outdoor agricultural environment, the
more difficult it is to dissipate the heat.1,2 Liver parenchyma and renal tubules
show degenerative changes. Albuminuria, pyuria, hematuria, and azotemia are
signs of renal injury.



HIGHLIGHTS



• Highly toxic herbicides



• Affect hepatic, renal, and
nervous systems



Signs and Symptoms:



• Sweating, thirst, fever,
headache, confusion,
malaise, and restlessness



• Hyperthermia, tachycardia,
tachypnea in serious cases



• Characteristic bright yellow
staining of skin and hair
often present with topical
exposure



Treatment:



• No specific antidote



• Replace oxygen and fluids,
control temperature



• Decontaminate skin, hair,
clothing



Contraindicated:



• Antipyretic therapy with
salicylates



• Atropine
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 Cataracts occur in laboratory animals given nitrophenols, and have oc-
curred in humans, both as a result of ill-advised medicinal use and as a conse-
quence of chronic, occupational exposure.3 Cataract formation is sometimes
accompanied by glaucoma.



Signs and Symptoms of Poisoning



Most patients present within a few hours of exposure with generalized
non-specific signs and symptoms including profuse sweating, thirst, fever, head-
ache, confusion, malaise, and restlessness. The skin may appear warm and flushed
as hyperthermia develops, along with tachycardia, and tachypnea, all of which
indicate a serious degree of poisoning. Apprehension, anxiety, manic behavior,
seizures, and coma reflect cerebral injury; seizures and coma signify an immedi-
ately life-threatening intoxication. Labored breathing and cyanosis are conse-
quences of the stimulated metabolism and tissue anoxia. Renal failure may
occur early in cases of severe exposure. Liver damage is first manifested by
jaundice, and cell death can occur within 48 hours and is dose-dependent.4



Death may occur within 24 to 48 hours after exposure in cases of severe poi-
soning.2 In cases of survival of severe poisoning, complete resolution of symp-
toms may be slow due to the toxicant’s long half-life.1,5



A characteristic bright yellow staining of skin and hair is often present with
topical exposure and can be an important diagnostic clue to the clinician.1,2,5



Yellow staining of the sclerae and urine indicates absorption of potentially
toxic amounts. Weight loss occurs in persons continually exposed to relatively
low doses of nitrophenols or nitrocresols.1,3



Confirmation of Poisoning



If poisoning is probable, do not await confirmation before beginning treatment.
Save urine and blood specimens on ice at temperature below 20° C in the event
confirmation is necessary later on. Unmetabolized nitrophenols and nitrocresols
can be identified spectrophotometrically, or by gas-liquid chromatography, in the
serum at concentrations well below those that have been associated with acute
poisonings. The data on exposure and systemic levels of compounds in this group
are limited, and most reports specify the compound dinitro-ortho-cresol. In general,
blood levels of 10 mcg/dL or greater are usually seen when systemic toxicity is
evident.1,6 One fatal case occured with a level of 75 mcg/dL.6 Blood analysis is
useful in confirming the cause of poisoning. Monitoring of levels should be done
routinely during acute intoxication in order to establish a decay curve to determine
when therapy can be safely discontinued.



Commercial Products



dinitrocresol*
Chemsect DNOC
DNC
DNOC
Elgetol 30
Nitrador
Selinon
Sinox
Trifocide



dinitrophenol*
Chermox PE



dinobuton*
Acrex
Dessin
Dinofen
Drawinol
Talan



dinocap
Crotothane
Karathane



dinopenton
dinoprop*
dinosam*



Chemox General
DNAP



dinoseb*
Basanite
Caldon
Chemox General
Chemox PE
Chemsect DNBP
Dinitro
Dinitro-3
Dinitro General Dynamyte
Dinitro Weed Killer 5
DNBP
Elgetol 318
Gebutox
Hel-Fire
Kiloseb
Nitropone C
Premerge 3
Snox General
Subitex
Unicrop DNBP
Vertac
Vertac General Weed Killer
Vertac Selective Weed Killer



dinoseb acetate*
Aretit



dinoseb methacrylate*
Acricid
Ambox
binapacryl



(Continued on the next page)
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Treatment



1. Supportive treatment and hyperthermia control. There is no specific
antidote to poisoning with nitrophenolic or nitrocresolic herbicides. Treatment
is supportive in nature and includes oxygen, fluid replacement, and tempera-
ture control.



Reduce elevated body temperature by physical means. Administer
sponge baths and ice packs, and use a fan to promote air flow and evaporation.7



In fully conscious patients, administer cold, sugar-containing liquids by mouth
as tolerated.



2. Contraindications. Antipyretic therapy with salicylates is strongly
contraindicated as salicylates also uncouple oxidative phosphorylation. Other
antipyretics are thought to be of no use because of the peripherally mediated
mechanism of hyperthermia in poisoning of this nature. Neither the safety nor
the effectiveness of other antipyretics has been tested.



Atropine is also absolutely contraindicated! It is essential not to con-
fuse the clinical signs for dinitrophenol with manifestations for cholinesterase
inhibition poisoning.2



3. Skin decontamination. If poisoning has been caused by contamination of
body surfaces, bathe and shampoo contaminated skin and hair promptly and
thoroughly with soap and water, or water alone if soap is not available. Wash the
chemical from skin folds and from under fingernails. Care should be taken to
prevent dermal contamination of hospital staff. See Chapter 2.



4. Other Treatment. Other aspects of treatment are identical to management
of pentachlorophenol poisoning, detailed in Chapter 10.



General Chemical Structure
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Commercial Products
(Continued)



Dapacryl
Endosan
FMC 9044
Hoe 002784
Morrocid
NIA 9044
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CHAPTER 12



Paraquat and Diquat



The dipyridyl compounds paraquat and diquat are non-selective contact
herbicides that are relatively widely-used, primarily in agriculture and by
government agencies and industries for control of weeds. While paraquat is a
restricted-use pesticide in most forms for most uses in the United States, its
wide usage leads to significant potential for misuse and accidental and inten-
tional poisonings. In the past few decades, paraquat has been a popular agent
for suicide, but recent experience indicates a decline in such intentional
poisonings. Paraquat and diquat are highly toxic compounds and management
of poisonings requires a great deal of skill and knowledge of proper manage-
ment procedures.



PARAQUAT



Toxicology



When ingested in adequate dosage (see below), paraquat has life-threaten-
ing effects on the gastrointestinal tract, kidney, liver, heart, and other organs.
The LD



50
 in humans is approximately 3-5 mg/kg, which translates into as little



as 10-15 mL of a 20% solution.1,2



The lung is the primary target organ of paraquat, and pulmonary effects
represent the most lethal and least treatable manifestation of toxicity. However,
toxicity from inhalation is rare. The primary mechanism is through the genera-
tion of free radicals with oxidative damage to lung tissue.1,2 While acute pul-
monary edema and early lung damage may occur within a few hours of severe
acute exposures,3,4 the delayed toxic damage of pulmonary fibrosis, the usual
cause of death, most commonly occurs 7-14 days after the ingestion.5 In pa-
tients who ingested a very large amount of concentrated solution (20%), some
have died more rapidly (within 48 hours) from circulatory failure.5



Both types I and II pneumatocytes appear to selectively accumulate paraquat.
Biotransformation of paraquat in these cells results in free-radical production
with resulting lipid peroxidation and cell injury.1,2,4 Hemorrhage proteinaceous
edema fluid and leukocytes infiltrate the alveolar spaces, after which there is rapid
proliferation of fibroblasts. There is a progressive decline in arterial oxygen tension
and CO2 diffusion capacity. Such a severe impairment of gas exchange causes
progressive proliferation of fibrous connective tissue in the alveoli and eventual
death from asphyxia and tissue anoxia.6 One prospective study of survivors suggests



HIGHLIGHTS



• Life-threatening effects on
GI tract, kidney, liver, heart,
other organs



• Pulmonary fibrosis is the
usual cause of death in
paraquat poisoning (but not
diquat)



Signs and Symptoms:



• Paraquat and diquat
(ingestion): burning pain in
the mouth, throat, chest,
upper abdomen; pulmonary
edema, pancreatitis, other
renal, CNS effects



• Paraquat (dermal): dry and
fissured hands, horizontal
ridging or loss of fingernails,
ulceration and abrasion



• Diquat: neurologic toxicity



Treatment:



• Immediate GI
decontamination with
Bentonite, Fuller’s Earth, or
activated charcoal



• Maintain urinary output by
administering IV, but
monitor fluids in case of
renal failure



• Decontaminate eyes and
skin



Contraindicated:



• No supplemental oxygen
unless patient develops
severe hypoxemia
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that some of the fibrous toxic damage may be reversible as evidence exists of
markedly improved pulmonary function three months after survival.7



Local skin damage includes contact dermatitis. Prolonged contact will pro-
duce erythema, blistering, abrasion and ulceration, and fingernail changes.8,9



Although absorption across intact skin is slow, abraded or eroded skin allows
efficient absorption.



The gastrointestinal (GI) tract is the site of initial or phase I toxicity to the
mucosal surfaces following ingestion of the substance. This toxicity is manifested
by swelling, edema, and painful ulceration of the mouth, pharynx, esophagus,
stomach, and intestine. With higher levels, other GI toxicity includes centrizonal
hepatocellular injury which can cause elevated bilirubin, and hepatocellular en-
zymes such as AST, ALT, and LDH.



Damage to the proximal renal tubule is often more reversible than the
destruction to lung tissue. However, impaired renal function may play a critical
role in determining the outcome of paraquat poisoning. Normal tubule cells
actively secrete paraquat into the urine, efficiently clearing it from the blood.
However, high blood concentrations poison the secretory mechanism and may
destroy the cells. Diquat poisoning typically results in greater renal injury com-
pared to paraquat.



Focal necrosis of the myocardium and skeletal muscle are the main features
of toxicity to any type of muscle tissue, and typically occur as a second phase.
Ingestion has also been reported to cause cerebral edema and brain damage.10



 Although much concern has been expressed about the effects of smoking
paraquat-contaminated marijuana, toxic effects caused by this mechanism have
been either very rare or nonexistent. Most paraquat that contaminates marijuana
is pyrolyzed during smoking to dipyridyl, which is a product of combustion of
the leaf material itself (including marijuana) and presents little toxic hazard.



Signs and Symptoms of Poisoning



Initial clinical signs depend upon the route of exposure. Early symptoms
and signs of poisoning by ingestion are burning pain in the mouth, throat,
chest, and upper abdomen, due to the corrosive effect of paraquat on the mu-
cosal lining. Diarrhea, which is sometimes bloody, can also occur. Giddiness,
headache, fever, myalgia, lethargy, and coma are other examples of CNS and
systemic findings. Pancreatitis may cause severe abdominal pain. Proteinuria,
hematuria, pyuria, and azotemia reflect renal injury. Oliguria/anuria indicate
acute tubular necrosis.



Because the kidney is almost the exclusive route of paraquat elimination
from body tissues, renal failure fosters a build-up of tissue concentrations, in-
cluding those in the lung. Unfortunately, this pathogenic sequence may occur
in the first several hours following paraquat ingestion, generating lethal con-
centrations of paraquat in lung tissue before therapeutic measures to limit ab-
sorption and enhance disposition have taken effect. It is probably for this reason



Commercial Products



Paraquat



Liquid Concentrates:
Cekuquat
Crisquat
Dextrone
Esgram
Goldquat
Gramocil
Gramonol
Gramoxone



In combination with other
herbicides:
With diquat:



Actor
Preeglone
Preglone
Weedol (a 2.5% soluble
granule formulation)



With diuron:
Dexuron
Gramuron
Para-col
Tota-col



With monolinuron:
Gramonol



With simazine:
Pathclear
Terraklene



Diquat



Aquacide
Dextrone
Ortho Diquat
Reglone
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that methods for enhancing paraquat disposition several hours following inges-
tion have had little effect on mortality.



Cough, dyspnea, and tachypnea usually appear 2-4 days following paraquat
ingestion, but may be delayed as long as 14 days. Progressive cyanosis and dys-
pnea reflect deteriorating gas exchange in the damaged lung. In some cases, the
coughing up of frothy sputum (pulmonary edema) is the early and principal
manifestation of paraquat lung injury.



Clinical experience has offered a rough dose-effect scale on which to base
prognosis in cases of paraquat ingestion:9



• Less than 20 mg paraquat ion per kg body weight (less than 7.5
mL of 20% [w/v] paraquat concentrate): No symptoms or only
gastrointestinal symptoms occur. Recovery is likely.



• Twenty to 40 mg paraquat ion per kg body weight (7.5-15.0 mL
of 20% [w/v] paraquat concentrate): Pulmonary fibroplasia ensues.
Death occurs in most cases, but may be delayed 2-3 weeks.



• More than 40 mg paraquat ion per kg body weight (more than
15.0 mL of 20% [w/v] paraquat concentrate): Multiple organ
damage occurs as in class II, but is more rapidly progressive. Often
characterized by marked ulceration of the oropharynx. Mortality is
essentially 100% in 1-7 days.



Dermal signs are common among agriculture workers with acute paraquat
toxicity. Particularly in concentrated form, paraquat causes localized injury to
tissues with which it comes into contact. Fatal poisonings are reported to
have occurred as a result of protracted dermal contamination by paraquat, but
this is likely to occur only when the skin is abraded, eroded, or diseased,
when more efficient systemic absorption can occur. With an intact dermal
barrier, paraquat leaves the skin of the hands dry and fissured, can cause hori-
zontal ridging of the fingernails, and may even result in the loss of fingernails.
Prolonged contact with skin will create ulceration and abrasion, sufficient to
allow systemic absorption.



In addition, some agriculture workers can be exposed through prolonged
inhalation of spray droplets, and develop nosebleeds due to local damage.
However, inhalation has not resulted in systemic toxicity, due to the low
vapor pressure and lower concentration of paraquat field formulations. Eye
contamination with diquat concentrate or stronger solutions results in severe
conjunctivitis and sometimes protracted corneal opacification.



The hepatic injury from paraquat may be severe enough to cause jaun-
dice, which signifies severe injury. However, hepatotoxicity is rarely a major
determinant to clinical outcome. No other hepatic signs or symptoms are
present other than the abnormal laboratory values mentioned in the Toxicol-
ogy section.
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DIQUAT



Toxicology



Diquat poisoning is much less common than paraquat poisoning, so that
human reports and animal experimental data for diquat poisoning are less ex-
tensive than for paraquat. Systemically absorbed diquat is not selectively con-
centrated in lung tissue, as is paraquat, and pulmonary injury by diquat is less
prominent. In animal studies, diquat causes mild, reversible injury to type I
pneumatocytes, but does not injure the type II cells. No progressive pulmonary
fibrosis has been noted in diquat poisoning.11-13



However, diquat has severe toxic effects on the central nervous system that
are not typical of paraquat poisoning.12,13 While laboratory experimentation has
suggested that diquat is not directly neurotoxic, there have been relatively con-
sistent pathologic brain changes noted in reported fatal cases of diquat poison-
ing. These consist of brain stem infarction, particularly involving the pons.12 It
is not clear whether these post-mortem changes represent direct toxicity or
secondary effects related to the systemic illness and therapy. (See Signs and
Symptoms section for CNS clinical effects.)



 There is probably significant absorption of diquat across abraded or ulcer-
ated skin.



Signs and Symptoms of Poisoning



In many human diquat poisoning cases, clinical signs of neurologic toxicity
are the most important.  These include nervousness, irritability, restlessness, com-
bativeness, disorientation, nonsensical statements, inability to recognize friends
or family members, and diminished reflexes. Neurologic effects may progress to
coma, accompanied by tonic-clonic seizures, and result in the death of the
patient.12,13 Parkinsonism has also been reported following dermal exposure to
diquat.14



Except for the CNS signs listed in the preceding paragraph, early symp-
toms of poisoning by ingested diquat are similar to those from paraquat, reflect-
ing its corrosive effect on tissues. They include burning pain in the mouth,
throat, chest, and abdomen, intense nausea and vomiting, and diarrhea. If the
dosage was small, these symptoms may be delayed 1-2 days. Blood may appear
in the vomitus and feces. Intestinal ileus, with pooling of fluid in the gut, has
characterized several human poisonings by diquat.



The kidney is the principal excretory pathway for diquat absorbed into the
body. Renal damage is therefore an important feature of poisonings. Proteinuria,
hematuria, and pyuria may progress to renal failure and azotemia. Elevations of
serum alkaline phosphatase, AST, ALT, and LDH reflect liver injury. Jaundice
may develop.
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If the patient survives several hours or days, circulatory function may fail
due to dehydration. Hypotension and tachycardia can occur, with shock result-
ing in death. Other cardiorespiratory problems may develop, such as toxic car-
diomyopathy or a secondary infection such as bronchopneumonia.



Diquat is somewhat less damaging to the skin than paraquat, but irritant
effects may appear following dermal contamination with the concentrate. There
is probably significant absorption of diquat across abraded or ulcerated skin.



The great majority of poisonings by paraquat and diquat (discussed below)
have been caused by ingestion with suicidal intent in most cases, particularly in
Japan11 and many developing countries. Since 1987, there has been a decline in
most countries in the total numbers of suicidal deaths attributed to paraquat
and diquat. Nearly all of the few poisonings caused by occupational exposure
have been survived, but the mortality rate among persons who have swallowed
paraquat or diquat remains high.1,5 Avoidance of this mortality will probably
have to rely on preventive strategies or on stopping gastrointestinal absorption
very soon after the toxicant has been ingested.



Even though intestinal absorption of dipyridyls is relatively slow, lethal
uptake by critical organs and tissues apparently occurs within 18 hours, and
possibly within 6 hours, following ingestion of toxic quantities of paraquat or
diquat. Bipyridyls have large volumes of distribution. Once distribution to tis-
sues has occurred, measures to remove bipyridyls from the blood are very inef-
ficient in reducing the total body burden.



 Several strategies are being tested to reduce the frequency of these occur-
rences. These include the addition of emetics, stenching agents, gelling sub-
stances, and bittering agents such as sodim denatonium.



Confirmation of Poisoning: Paraquat and Diquat



At some treatment facilities, a simple colorimetric test is used to identify
paraquat and diquat in the urine, and to give a rough indication of the magni-
tude of absorbed dose. To one volume of urine, add 0.5 volume of freshly
prepared 1% sodium dithionite (sodium hydrosulfite) in one normal sodium
hydroxide (1.0 N NaOH). Observe color at the end of one minute. A blue
color indicates the presence of paraquat in excess of 0.5 mg per liter. Both
positive and negative controls should be run to ensure that the dithionite has
not undergone oxidation in storage.



When urine collected within 24 hours of paraquat ingestion is tested, the
dithionite test appears to have some prognostic value: concentrations less than
one milligram per liter (no color to light blue) generally predict survival, while
concentrations in excess of one milligram per liter (navy blue to dark blue)
often foretell a fatal outcome.



Diquat in urine yields a green color with the dithionite test. Although
there is less experience with this test in diquat poisonings, the association of
bad prognosis with intense color is probably similar.
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Paraquat and diquat can be measured in blood and urine by spectrophoto-
metric, gas chromatographic, liquid chromatographic, and radioimmunoassay
methods. These tests are available in numerous clinical reference laboratories
and sometimes by the manufacturing company. Survival is likely if plasma con-
centrations do not exceed 2.0, 0.6, 0.3, 0.16, and 0.1 mg per liter at 4, 6, 10, 16,
and 24 hours, respectively, after ingestion.15



Treatment



1. Skin and eye decontamination. Flush skin immediately with copious
amounts of water. Material splashed in the eyes must be removed by pro-
longed irrigation with clean water. Eye contamination should thereafter be
treated by an ophthalmologist. Mild skin reactions usually respond if there is no
further contact with the pesticide, but the irritation may take several weeks to
resolve. Severe injuries with inflammation, cracking, secondary infection, or
nail injury should be treated by a dermatologist.



2. Gastrointestinal decontamination. If paraquat or diquat have been in-
gested, immediate administration of adsorbent is the one therapeutic
measure most likely to have a favorable effect. Bentonite (7.5% suspension)
and Fuller’s Earth (15% suspension) are highly effective, but sometimes not
available.



Dosage of Bentonite and Fuller’s Earth:



• Adults and children over 12 years: 100-150 g.



• Children under 12 years: 2 gm/kg body weight.



Caution: Hypercalcemia and fecaliths have sometimes occurred fol-
lowing administration of Fuller’s Earth.



Activated charcoal is nearly as effective, and is widely available. See Chapter
2 for dosage of charcoal and further information on gastric decontamination.



Lavage has not been shown to be effective and should not be performed
unless the patient is seen within an hour of ingestion. Later lavage runs the risk
of inducing bleeding, perforation, or scarring due to additional trauma to al-
ready traumatized tissues. Repeated administration of charcoal or other absor-
bent every 2-4 hours may be beneficial in both children and adults, but use of
a cathartic such as sorbitol should be avoided after the first dose. Cathartics and
repeat doses of activated charcoal should not be administered if the gut is atonic.
Check frequently for bowel sounds. Ileus occurs commonly in diquat
poisoning, less often in paraquat poisoning.
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3. Samples. Secure a blood sample as soon as possible for paraquat analysis, and
urine samples for either paraquat and/or diquat. Serial samples of urine for either
agent and plasma for paraquat may be followed for prognostic information.



4. Respiration. Do not administer supplemental oxygen until the pa-
tient develops severe hypoxemia. High concentrations of oxygen in the lung
increase the injury induced by paraquat, and possibly by diquat as well. There
may be some advantage in placing the patient in a moderately hypoxic envi-
ronment, i.e., 15%-16% oxygen, although the benefit of this treatment measure
has not been established empirically in human poisonings. Inhalation of nitric
oxide has been suggested as a method to maintain tissue oxygenation at low
inspired oxygen concentrations, but its efficacy is unproven. When the lung
injury is so far advanced that there is no expectation of recovery, oxygen may
be given to relieve air hunger.



5. Intensive care. In serious poisonings, care should be provided in an inten-
sive care setting, to allow proper monitoring of body functions and skilled
performance of necessary invasive monitoring and procedures.



6. Fluids. It is essential to maintain adequate urinary output.4 Administer in-
travenous fluids: isotonic saline, Ringer’s solution, or 5% glucose in water. This
is highly advantageous early in poisonings as a means of correcting dehydra-
tion, accelerating toxicant excretion, reducing tubular fluid concentrations of
paraquat, and correcting any metabolic acidosis. However, fluid balance must
be monitored carefully to forestall fluid overload if renal failure develops. Monitor
the urine regularly for protein and cells, to warn of impending tubular necrosis.
Intravenous infusions must be stopped if renal failure occurs, and extracorpo-
real hemodialysis is indicated. Hemodialysis is not effective in clearing paraquat
or diquat from the blood and tissues.



7. Hemoperfusion over cellophane-coated activated charcoal may be consid-
ered. The procedure has been used in many paraquat poisonings because the
adsorbent does efficiently remove paraquat from the perfused blood. However,
recent reviews of effectiveness have failed to show any reduction in mortality as
a result of hemoperfusion.1,4 The apparent reason for this is the very small
proportion of paraquat body burden carried in the circulating blood even when
only a few hours have elapsed after ingestion. Theoretically, a patient who can
be hemoperfused within 10 hours of paraquat ingestion may derive some mar-
ginal benefit, but this has not been demonstrated.



If hemoperfusion is attempted, blood calcium and platelet concentrations
must be monitored. Calcium and platelets must be replenished if these con-
stituents are depleted by the procedure.
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8. Seizure control. Convulsions and psychotic behavior sometimes encoun-
tered in diquat poisoning may be best controlled by lorazepam, given slowly
intravenously, as outlined in Chapter 2. Control convulsions as outlined in
Chapter 2.



9. Other drugs. Many drugs have been tested in animals or given in human
bipyridyl poisonings without clear evidence of benefit or harm: corticoster-
oids, superoxide dismutase, propranolol, cyclophosphamide, vitamin E, ribofla-
vin, niacin, ascorbic acid, clofibrate, desferrioxamine, acetylcysteine, and terpin
hydrate. However, recent evidence regarding the use of cyclophosphamide
and methylprednisolone may be effective in reducing the mortality associ-
ated with moderate to severe paraquat poisoning. Two studies found a reduced
mortality associated with the treatment, while one study found no difference.16



The dosages used for cyclophosphamide and methylprednisolone were 1 gram
daily for two days and 1 gram daily for three days respectively, and were given
after hemoperfusion. Each drug was administered as a two hour infusion, and
white cell counts, serum creatinine levels, chest radiography, and liver function
tests were monitored.16



10. Pain management. Morphine sulfate is usually required to control the
pain associated with deep mucosal erosions of the mouth, pharynx, and esophagus,
as well as abdominal pain from pancreatitis and enteritis. Mouthwashes, cold
fluids, ice cream, or anesthetic lozenges may also help to relieve pain in the
mouth and throat.



Dosage of Morphine Sulfate:



• Adults and children over 12 years: 10-15 mg subcutaneously every 4
hours.



• Children under 12 years: 0.1 - 0.2 mg /kg body weight every 4 hours.



11. Transplantation. With severe pulmonary toxicity, recovery of the patient
may only be accomplished by lung transplantation. However, the transplanted
lung is susceptible to subsequent damage due to redistribution of paraquat.17
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General Chemical Structures



References



1. Pond SM. Manifestations and management of paraquat poisoning. Med J Aust 1990;152:256-9.



2. Giulivi C, Lavagno CC, Lucesoli F, et al. Lung damage in paraquat poisoning and hyper-
baric oxyen exposure: superoxide-mediated inhibition of phospholipase A2. Free Radic
Biol Med 1995;18:203-13.



3. Nordquist RE, Nguyen H, Poyer JL, et al. The role of free radicals in paraquat-induced
corneal lesions. Free Radic Res 1995;23:61-71.



4. Honore P, Hantson P, Fauville JP, et al. Paraquat poisoning: State of the art. Acta Clin Belg
1994;49:220-8.



5. Bismuth C, Garnier R, Dally S, et al. Prognosis and treatment of paraquat poisoning: A
review of 28 cases. J Toxicol Clin Toxicol 1982;19:461-74.



6. Harsanyi L, Nemeth A, and Lang A. Paraquat (gramoxone) poisoning in south-west Hun-
gary, 1977-1984. Am J Forensic Med Pathol 1987;8:131-4.



7. Lee CC, Lin JL, and Liu L. Recovery of respiratory function in survivors with paraquat
intoxication (abstract). Ann Emerg Med 1995;26:721-2.



8. Tungsanga K, Chusilp S, Israsena S, et al. Paraquat poisoning: Evidence of systemic toxicity
after dermal exposure. Postgrad Med J 1983;59:338-9.



9. Vale JA, Meredith TJ, and Buckley BM. Paraquat poisoning: Clinical features and immediate
general management. Hum Toxicol 1987;6:41-7.



10. Hughes JT. Brain damage due to paraquat poisoning: A fatal case with neuropathological
examination of the brain. Neurotoxicology 1988;9:243-8.



11. Lam HF, Azawa J, Gupta BN, et al. A comparison of the effects of paraquat and diquat on
lung compliance, lung volume, and single-breath diffusing capacity in the rat. Toxicology
1980;18:111-23.



12. Vanholder R, Colardyn F, DeReuck J, et al. Diquat intoxication: Report of two cases and
review of the literature. Am J Med 1981;70:1267-71.



13. Olson KR. Paraquat and diquat. In: Olson KR et al. (eds), Poisoning and Drug Overdose, 2nd



ed. Norwalk CT:  Appelton and Lange, 1994, pp. 245-6.



14. Sechi GP, Agnetti V, Piredda M, et al. Acute and persistent Parkinsonism after use of diquat.
Neurology 1992;42:261-3.



15. Proudfoot AT, Stewart MS, Levitt T, et al. Paraquat poisoning: Significance of plasma-paraquat
concentrations. Lancet 1979;2:330-2.



CICI



N NCH



CI



+ +



–
3 CH



2 CI
3



Paraquat



N N



CH



+ +



–



2 CH 2 Br
2



Diquat











PARAQUAT & DIQUAT  •  117



16. Lin JL, Wei MC, and Liu YC. Pulse therapy with cyclophosphamide and methyprednislone
in patients with moderate to severe paraquat poisoning: A preliminary report. Thorax
1996;51:661-3.



17. Toronto Lung Transplant Group. Sequential bilateral lung transplantation for paraquat poi-
soning.  A case report.  J Thoracic Cardiovas Surg 1985;89:734-42.











118  •  OTHER HERBICIDES



CHAPTER 13



Other Herbicides



Many herbicides are now available for use in agriculture and for lawn and
garden weed control. This chapter discusses herbicides other than the
chlorophenoxys, nitrophenols and chlorophenols, arsenicals, and dipyridyls, which
are the subjects of separate chapters. Many modern herbicides kill weeds selec-
tively by impairing metabolic processes that are unique to plant life. For this
reason, their systemic toxicities in mammals are generally low.  Nonetheless,
some herbicides pose a significant risk of poisoning if handled carelessly, and
many are irritating to eyes, skin, and mucous membranes.



For several good reasons, all of the herbicides mentioned in this chapter
should be handled and applied only with full attention to safety measures that
minimize personal contact. Many formulations contain adjuvants (stabilizers,
penetrants, surfactants) that may have significant irritating and toxic effects. A
number of premixed formulations contain two or more active ingredients; the
companion pesticides may be more toxic than the principal herbicide. Good
hygienic practice should not be disregarded just because a pesticide is reported
to have a high LD50 in laboratory rodents.



Health professionals who may need to assess the consequences of prior
exposure should understand the fate of these compounds after absorption by
humans. The water-soluble herbicides are not retained in body tissues for long
periods, as were the old lipophilic organochlorine insecticides, such as DDT.
Most are excreted, mainly in the urine, within one to four days.



Toxicology



The table on the following pages lists the more commonly used herbicides
not discussed elsewhere in this manual. The rat acute oral LD



50
 is given as a



rough index of potential lethal toxicity. (If several values are reported by various
sources, the lowest is recorded here.) The adverse effect information is drawn
from many sources, including product labels, textbooks, published case histo-
ries, and some unpublished reports. The listing cannot be considered inclusive,
either of herbicide products or of effects.
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Aliphatic acids trichloroacetic
acid



dichloropropionic
acid (dalapon)



TCA



Dalapon,
Revenge



5,000



970



Irritating to
skin, eyes,
and respiratory
tract.



Benzamide pronamide Kerb, Rapier 8,350 Moderately
irritating to eyes



Benzoic,
anisic acid
derivatives



trichlorobenzoic
acid



dicamba



TCBA, Tribac,
2,3,6-TBA



Banvel



1,500



 2,700



Moderately
irritating to skin
and respiratory
tract.



Benzonitriles dichlobenil Casoron,
Dyclomec, Barrier



>4,460 Minimal toxic,
irritant effects



Benzothiadiazinone
dioxide



bentazone Basagran >1,000 Irritating to eyes
and respiratory
tract.



Carbamates and
Thiocarbamates
(herbicidal)



asulam



terbucarb



butylate



cycloate



pebulate



vernolate



EPTC



diallate



triallate



thiobencarb



Asulox



Azac, Azar



Sutan



Ro-Neet



Tillam, PEBC



Vernam



Eptam, Eradicane



Di-allate



Far-go



Bolero, Saturn



>5,000



>34,000



3,500



2,000



921



1,800



1,630



395



1,675



1,300



Some are
irritating to
eyes, skin, and
respiratory tract,
particularly in
concentrated
form.
Some may be
weak inhibitors
of cholinesterase.



Chemical Class Generic Name
Proprietary
Names



Acute Oral LD50



mg/kg



Known or
Suspected
Adverse Effects



Acetamides metolachlor Dual, Pennant,
others



2,780 Irritating
to eyes
and skin.



Anilides alachlor



propachlor



propanil



Lasso, Alanox



Ramrod, Bexton,
Prolex



DPA, Chem
Rice, Propanex,
Riselect, Stam,
Stampede



1,800



710



>2,500



Mild irritant.



Dermal irritant
and sensitizer.



Irritating to skin,
eyes, and
respiratory tract.



TOXICITY OF COMMON HERBICIDES
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Chemical Class Generic Name
Proprietary
Names



Acute Oral LD50



mg/kg



Known or
Suspected
Adverse Effects



Fluorodinitro-
toluidine
compounds



benfluralin



dinitramine



ethalfluralin



fluchloralin



profluralin



trifluralin



Benefin, Balan,
Balfin, Quilan



Cobex



Sonalan



Basalin



Tolban



Treflan



>10,000



3,000



>10,000



1,550



1,808



>10,000



May be mildly
irritating. These
herbicides do not
uncouple
oxidative
phosphorylation
or generate
methemoglobin.



Isoxazolidinone clomazone Command 1,369 May be
moderately
irritating.



Nicotinic acid
isopropylamine
derivative



imazapyr Arsenal >5,000 Irritating to eyes
and skin. Does
not contain
arsenic.



Oxadiazolinone oxadiazon Ronstar >3,500 Minimal toxic
and irritant
effects.



Phosphonates glyphosate



fosamine
ammonium



Roundup,
Glyfonox



Krenite



4,300



>5,000



Irritating to eyes,
skin, and upper
respiratory tract.



Irritating to eyes,
skin, and upper
respiratory tract.



TOXICITY OF COMMON HERBICIDES



Chloropyridinyl triclopyr Garlon, Turflon 630 Irritating to skin
and eyes.



Cyclohexenone
derivative



sethoxydim Poast 3,125 Irritating to skin
and eyes.



Dinitroamino-
benzene
derivative



butralin



pendimethalin



oryzalin



Amex
Tamex



Prowl, Stomp,
Accotab,
Herbodox,
Go-Go-San,
Wax Up



Surflan, Dirimal



12,600
>5,000



2,250



>10,000



May be
moderately
irritating.
These herbicides
do not uncouple
oxidative
phosphorylation
or generate
methemoglobin.



Carbanilates chlorpropham Sprout-Nip
Chloro-IPC



3,800 Skin irritants.
May generate
methemoglobin
at high dosage.
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Triazines ametryn



atrazine



cyanazine



desmetryn



metribuzin



prometryn



propazine



simazine



terbuthylazine



tertutryn



prometon



Ametrex, Evik,
Gesapax



Aatrex, Atranex,
Crisazina



Bladex, Fortrol



Semeron



Sencor, Lexone,
Sencoral, Sencorex



Caparol, Gesagard,
Prometrex



Milo-Pro,
Primatol, Prozinex



Gesatop, Princep,
Caliber 90



Gardoprim,
Primatol M



Ternit, Prebane,
Terbutrex



Gesafram 50



Pramitol 25E



1,750



1,780



288



1,390



1,100



5.235



>7,000



>5,000



2,000



2,500



2,980



Systemic
toxicity
is unlikely
unless large
amounts
have been
ingested.
Some
triazines
are moderately
irritating to
the eyes,
skin, and
respiratory
tract.



This particular
formulation of
prometon is
strongly irritating
to eyes, skin, and
respiratory tract.



Triazole amitrole,
aminotriazole



Amerol, Azolan,
Azole, Weedazol



>10,000 Minimal systemic
toxicity. Slight
irritant effect.



TOXICITY OF COMMON HERBICIDES



Chemical Class Generic Name
Proprietary
Names



Acute Oral LD50



mg/kg



Known or
Suspected
Adverse Effects



Picolinic acid
compound



picloram Tordon, Pinene 8,200 Irritating to skin,
eyes, and
respiratory tract.
Low systemic
toxicity.



Phthalates chlorthaldimethyl



endothall



Dachthal, DCPA



Aquathol



>10,000



51



Moderately
irritating to eyes.



Free acid is highly
toxic. Irritating to
skin, eyes and
respiratory tract.
See Chapter 18.
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Chemical Class Generic Name
Proprietary
Names



Acute Oral LD50



mg/kg



Known or
Suspected
Adverse Effects



Urea
derivatives



chlorimuron
ethyl



chlorotoluron



diuron



flumeturon



isoproturon



linuron



methabenz-
thiazuron



metobromuron



metoxuron



monolinuron



monuron



neburon



siduron



sulfemeturon-
methyl



tebuthiuron



Classic



Dicuran, Tolurex



Cekiuron,
Crisuron, Dailon,
Direx, Diurex,
Diuron,
Karmex, Unidron,
Vonduron



Cotoran,
cottonex



Alon, Arelon,
IP50, Tolkan



Afalon, Linex,
Linorox, Linurex,
Lorox, Sarclex



Tribunil



Pattonex



Deftor, Dosaflo,
Purivel, Sulerex



Aresin



Monuron



Granurex,
Neburex



Tupersan



Oust



Spike, Tebusan



>4,000



>10,000



>5,000



8,900



1,826



1,500



5,000



2,000



3,200



2,100



3,600



>11,000



>7,500



>5,000



644



Systemic
toxicity is
unlikely unless
large amounts
have been
ingested.



Many
substituted
ureas are
irritating to
eyes, skin, and
mucous
membranes.



TOXICITY OF COMMON HERBICIDES



Uracils bromacil



lenacil



terabacil



Hyvar



Venzar



Sinbar



5,200



>11,000



>5,000



Irritant to skin,
eyes, and
respiratory tract.
Moderately
irritating.
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Confirmation of Poisoning



Although there are analytical methods for residues of many of the herbi-
cides mentioned in this chapter and for some of the mammalian metabolites
generated from them, these procedures are not generally available to confirm
human absorption of the chemicals. Exposure must be determined from a re-
cent history of occupational contact or accidental or deliberate ingestion.



Treatment



1. Skin decontamination. Skin contamination should be treated promptly
by washing with soap and water. Contamination of the eyes should be treated
immediately by prolonged flushing of the eyes with large amounts of clean
water. If dermal or ocular irritation persists, medical attention should be ob-
tained without delay. See Chapter 2.



2. Gastrointestinal decontamination. Ingestions of these herbicides are likely
to be followed by vomiting and diarrhea due to their irritant properties. Man-
agement depends on: (1) the best estimate of the quantity ingested, (2) time
elapsed since ingestion, and (3) the clinical status of the subject.



Activated charcoal is probably effective in limiting irritant effects and
reducing absorption of most or all of these herbicides. Aluminum hydroxide
antacids may be useful in neutralizing the irritant actions of more acidic agents.
Sorbitol should be given to induce catharsis if bowel sounds are present and if
spontaneous diarrhea has not already commenced. Dehydration and electrolyte
disturbances may be severe enough to require oral or intravenous fluids.



There are no specific antidotes for poisoning by these herbicides. In the
case of suicidal ingestions, particularly, the possibility must always be kept in
mind that multiple toxic substances may have been swallowed.



If large amounts of herbicide have been ingested and the patient is seen
within an hour of the ingestion, gastrointestinal decontamination should be
considered, as outlined in Chapter 2.



If the amount of ingested herbicides was small, if effective emesis has al-
ready occurred, or if treatment is delayed, administer activated charcoal and
sorbitol by mouth.



3. Intravenous fluids. If serious dehydration and electrolyte depletion have
occurred as a result of vomiting and diarrhea, monitor blood electrolytes and
fluid balance and administer intravenous infusions of glucose, normal saline, Ringer’s
solution, or Ringer’s lactate to restore extracellular fluid volume and electrolytes.
Follow this with oral nutrients as soon as fluids can be retained.
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4. Supportive measures are ordinarily sufficient for successful management
of excessive exposures to these herbicides (endothall is an exception—see Chap-
ter 18, p. 187). If the patient’s condition deteriorates in spite of good supportive
care, the operation of an alternative or additional toxicant should be suspected.











Section IV



O T H E R  P E S T I C I D E S
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CHAPTER 14



Arsenical Pesticides



Many arsenic compounds have been discontinued in the United States as a
result of government regulations. However, arsenical pesticides are still widely
available in some countries, and many homes and farms have leftover supplies
that continue to represent some residual risk.



Arsine gas is discussed separately on page 132.



Toxicology



Arsenic is a natural element that has both metal and nonmetal physical/
chemical properties. In some respects, it resembles nitrogen, phosphorus, anti-
mony, and bismuth in its chemical behavior. In nature, it exists in elemental,
trivalent (-3 or +3), and pentavalent (+5) states. It binds covalently with most
nonmetals (notably oxygen and sulfur) and with metals (for example, calcium
and lead). It forms stable trivalent and pentavalent organic compounds. In bio-
chemical behavior, it resembles phosphorus, competing with phosphorus ana-
logs for chemical binding sites.



Toxicity of the various arsenic compounds in mammals extends over a
wide range, determined in part by the unique biochemical actions of each
compound, but also by absorbability and efficiency of biotransformation and
disposition. Overall, arsines present the greatest toxic hazard, followed closely
by arsenites (inorganic trivalent compounds). Inorganic pentavalent compounds
(arsenates) are somewhat less toxic than arsenites, while the organic (methy-
lated) pentavalent compounds represent the least hazard of the arsenicals that
are used as pesticides.1



The pentavalent arsenicals are relatively water soluble and absorbable across
mucous membranes. Trivalent arsenicals, having greater lipid solubility, are more
readily absorbed across the skin.2 However, poisonings by dermal absorption of
either form have been extremely rare. Ingestion has been the usual basis of
poisoning; gut absorption efficiency depends on the physical form of the com-
pound, its solubility characteristics, the gastric pH, gastrointestinal motility, and
gut microbial transformation. Arsine exposure occurs primarily through inha-
lation, and toxic effects may also occur with other arsenicals through inhalation
of aerosols.



Once absorbed, many arsenicals cause toxic injury to cells of the nervous
system, blood vessels, liver, kidney, and other tissues. Two biochemical mecha-



HIGHLIGHTS



• Life-threatening effects
on CNS, blood vessels,
kidney, liver



Signs and Symptoms:



• In acute cases, garlic odor
of the breath and feces,
metallic taste in mouth,
adverse GI symptoms



• In chronic cases, muscle
weakness, fatigue,
weight loss,
hyperpigmentation,
hyperkeratosis, Mees
lines



Treatment:



• GI decontamination



• Chelation therapy
Dimercaprol (BAL) or
DMPS to accelerate
arsenic excretion
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nisms of toxicity are recognized: (1) reversible combination with thiol groups
contained in tissue proteins and enzymes, and (2) substitution of arsenic anions
for phosphate in many reactions, including those critical to oxidative phosphory-
lation. Arsenic is readily metabolized in the kidney to a methylated form, which
is much less toxic and easily excreted. However, it is generally safest to manage
cases of arsenical pesticide ingestion as though all forms are highly toxic.



The unique toxicology of arsine gas is described later in this chapter.



Signs and Symptoms of Poisoning



Manifestations of acute poisoning are distinguishable from those of chronic
poisoning.



Acute arsenic poisoning: Symptoms and signs usually appear within
one hour after ingestion, but may be delayed several hours. Garlic odor of the
breath and feces may help to identify the toxicant in a severely poisoned pa-
tient. There is often a metallic taste in the mouth. Adverse gastrointestinal (GI)
effects predominate, with vomiting, abdominal pain, and rice-water or bloody
diarrhea being the most common. Other GI effects include inflammation, vesicle
formation and eventual sloughing of the mucosa in the mouth, pharynx, and
esophagus.3 These effects result from the action of an arsenical metabolite on
blood vessels generally, and the splanchnic vasculature in particular, causing
dilation and increased capillary permeability.



The central nervous system is also commonly affected during acute expo-
sure. Symptoms may begin with headache, dizziness, drowsiness, and confusion.
Symptoms may progress to include muscle weakness and spasms, hypothermia,
lethargy, delirium, coma, and convulsions.1 Renal injury is manifest as pro-
teinuria, hematuria, glycosuria, oliguria, casts in the urine, and, in severe poi-
soning, acute tubular necrosis. Cardiovascular manifestations include shock,
cyanosis, and cardiac arrhythmia,4,5 which are due to direct toxic action and
electrolyte disturbances. Liver damage may be manifested by elevated liver en-
zymes and jaundice. Injury to blood-forming tissues may cause anemia, leuko-
penia, and thrombocytopenia.



Death usually occurs one to three days following onset of symptoms and is
often the result of circulatory failure, although renal failure also may contrib-
ute.1 If the patient survives, painful paresthesias, tingling, and numbness in the
hands and feet may be experienced as a delayed sequela of acute exposure. This
sensorimotor peripheral neuropathy, which may include muscle weakness and
spasms, typically begins 1-3 weeks after exposure.6 The muscle weakness may
be confused with Guillain-Barre syndrome.7



Chronic arsenic poisoning from repeated absorption of toxic amounts
generally has an insidious onset of clinical effects and may be difficult to diag-
nose. Neurologic, dermal, and nonspecific manifestations are usually more promi-
nent than the gastrointestinal effects that characterize acute poisoning. Muscle



Commercial Products
(Many have been discontinued)



arsenic acid
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Zotox



arsenic trioxide
cacodylic acid (sodium



cacodylate)
Bolate
Bolls-Eye
Bophy
Dilie
Kack
Phytar 560
Rad-E-Cate 25
Salvo



calcium acid methane arsonate
(CAMA)
Calar
Super Crab-E-Rad-Calar
Super Dal-E-Rad



calcium arsenate
Spra-cal
tricalcium arsenate
Turf-Cal



calcium arsenite
London purple
mono-calcium arsenite



copper acetoarsenite
Emerald green
French green
Mitis green
Paris green
Schweinfurt green



copper arsenite (acid copper
arsenite)



disodium methane arsonate
Ansar 8100
Arrhenal
Arsinyl
Crab-E-Rad
Di-Tac
DMA
DSMA
Methar 30
Sodar
Weed-E-Rad 360



lead arsenate
Gypsine
Soprabel



methane arsonic acid (MAA)
monoammonium methane



arsonate (MAMA)
monosodium methane arsonate



(MSMA)
Ansar 170



(Continued on the next page)
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weakness and fatigue can occur, as can anorexia and weight loss. Hyperpig-
mentation is a common sign, and tends to be accentuated in areas that are
already more pigmented, such as the groin and areola. Hyperkeratosis is an-
other very common sign, especially on the palms and soles.8,9 Subcutaneous
edema of the face, eyelids, and ankles, stomatitis, white striations across the nails
(Mees lines), and sometimes loss of nails or hair are other signs of chronic,
continuous exposure.1,9 On occasion, these hyperkeratotic papules have under-
gone malignant transformation.8 Years after exposure, dermatologic findings
include squamous cell and basal cell carcinoma, often in sun-protected areas.



Neurologic symptoms are also common with chronic exposure. Peripheral
neuropathy, manifested by paresthesia, pain, anesthesia, paresis, and ataxia, may
be a prominent feature. It may often begin with sensory symptoms in the lower
extremities and progress to muscular weakness and eventually paralysis and
muscle wasting. Although less common, encephalopathy can develop with speech
and mental disturbances very much like those seen in thiamine deficiency
(Wernicke’s syndrome).



Other organ systems are affected with arsenic toxicity. Liver injury reflected
in hepatomegaly and jaundice may progress to cirrhosis, portal hypertension,
and ascites.  Arsenic has direct glomerular and tubular toxicity resulting in oliguria,
proteinuria, and hematuria. Electrocardiographic abnormalities (prolongation
of the Q-T interval) and peripheral vascular disease have been reported. The
latter includes acrocyanosis, Raynaud’s phenomenon, and frank gangrene.1,10



Hematologic abnormalities include anemia, leukopenia, and thrombocytopenia.1



Late sequelae of protracted high intakes of arsenic include skin cancer as described
above and an increased risk of lung cancer.1,8



Confirmation of Poisoning



Measurement of 24-hour urinary excretion of arsenic (micrograms per
day) is the most common way to confirm excessive absorption and is the
preferred method to follow serial levels and evaluate chronic exposure.1,11



Spot urine arsenic analysis expressed as a ratio with urinary creatinine is the
recommended method to evaluate occupational exposures.12 Methods to de-
termine blood arsenic concentration are available; however blood levels tend
to poorly correlate with exposure except in the initial acute phase.11,13 Spe-
cial metal-free acid-washed containers should be used for sample collection.
Arsenic excretion above 100 mcg per day should be viewed with suspicion
and the test should be repeated.



Excretions above 200 mcg per day reflect a toxic intake, unless seafood was
ingested.11,13,14,15 Diets rich in seafood, primarily shellfish in the previous 48
hours, may generate 24-hour urine excretion levels as high as 200 mcg per day
and sometimes more.3,14 The majority of marine arsenic that is excreted is in
the methylated form (arsenobetaine) and is not considered acutely toxic. How-
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ever, a recent study supports that some of the arsenic released from mussels may
contain higher amounts of arsenic trioxide than previously thought.14 Urinary
arsenic may be speciated into inorganic and organic fractions to help deter-
mine the source of the exposure and to help guide treatment.



Concentrations of arsenic in blood, urine, or other biologic materials can be
measured by either wet or dry ashing, followed by colorimetric or atomic ab-
sorption spectrometric analysis. The latter method is preferred. Blood concentra-
tions in excess of about 100 mcg per liter probably indicate excessive intake or
occupational exposure, provided that seafood was not ingested before the sample
was taken.3,11,13,15 Blood samples tend to correlate with urine samples during the
early stages of acute ingestion,11 but because arsenic is rapidly cleared from the
blood, the 24-hour urine sample remains the preferred method for detection and
for ongoing monitoring.1,11,13 Hair has been used for evaluation of chronic expo-
sure. Levels in unexposed people are usually less than 1 mg/kg; levels in individu-
als with chronic poisoning range between 1 and 5 mg/kg.15 Hair samples should
be viewed with caution because external environmental contamination such as
air pollution may artificially elevate arsenic levels.



Special tests for arsine toxicosis are described on page 132 under “Arsine
Gas.”



Treatment



The following discussion applies principally to poisonings by arsenicals in
solid or dissolved form. Treatment of poisoning by arsine gas requires special
measures described below on page 132.



1. Skin decontamination. Wash arsenical pesticide from skin and hair with
copious amounts of soap and water. Flush contaminant from eyes with clean
water. If irritation persists, specialized medical treatment should be obtained.
See Chapter 2.



2. Gastrointestinal decontamination. If arsenical pesticide has been in-
gested within the first hour of treatment, consideration should be given to GI
decontamination, as outlined in Chapter 2. Because poisoning by ingested ar-
senic almost always results in profuse diarrhea, it is generally not appropriate to
administer a cathartic.



3. Intravenous fluids. Administer intravenous fluids to restore adequate hy-
dration, support urine flow, and correct electrolyte imbalances. Monitor in-
take/output continuously to guard against fluid overload. If acute renal failure
occurs, monitor blood electrolytes regularly. Blood transfusions and oxygen by
mask may be needed to combat shock.
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4. Cardiopulmonary monitoring. Monitor cardiac status by ECG to detect
ventricular arrhythmias including prolonged Q-T interval and ventricular ta-
chycardia, and toxic myocardiopathy (T wave inversion, long S-T interval).



5. Chelation therapy. Administration of Dimercaprol (BAL) is usually indi-
cated in symptomatic arsenic poisonings, although DMPS, where available, may
prove to be a better antidote. The following dosage schedule has proven to be
effective in accelerating arsenic excretion.



Monitor urinary arsenic excretion while any chelating agent is being ad-
ministered. When 24-hour excretion falls below 50 mcg per day, it usually is
advisable to discontinue the chelation therapy.



RECOMMENDED INTRAMUSCULAR DOSAGE OF BAL
(DIMERCAPROL) IN ARSENIC POISONING



Severe Poisoning Mild Poisoning



1st day 3.0 mg/kg q4h 2.5 mg/kg q6h
(6 injections) (4 injections)



2nd day 3.0 mg/kg q4h 2.5 mg/kg q6h
(6 injections) (4 injections)



3rd day 3.0 mg/kg q6h 2.5 mg/kg q12h
(4 injections) (2 injections)



Each of the following 3.0 mg/kg q12 hr 2.5 mg/kg qd
days for 10 days, or (2 injections) (1 injection)
until recovery



BAL is provided as a 100 mg/mL solution in oil. Dosages in the table are in terms of BAL
itself, not of the solution. Dosages for children are consistent with the “Mild Poisoning”
schedule and can be between 2.5 and 3.0 mg/kg per dose.16



Caution: Disagreeable side effects often accompany the use of BAL: nausea,
headache, burning and tingling sensations, sweating, pain in the back and abdo-
men, tremor, restlessness, tachycardia, hypertension, and fever. Coma and con-
vulsions occur at very high dosage. Sterile abscesses may form at injection sites.
Acute symptoms usually subside in 30-90 minutes. Antihistamine drugs or an
oral dose of 25-50 mg ephedrine sulfate or pseudoephedrine provide relief.
These are more effective if given a few minutes before the injection of BAL.
BAL may potentially have other adverse effects. In rabbits, treatment of arsenite
exposure with BAL increased brain arsenic levels.17



6. Oral treatments. After the gastrointestinal tract is reasonably free of arsenic,
oral administration of d-penicillamine, Succimer (DMSA), or DMPS should
probably replace BAL therapy. However, d-penicillamine has demonstrated lim-
ited effectiveness for arsenic exposure in experimental models.18
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Dosage of d-penicillamine:



• Adults and children over 12 years: 0.5 g every 6 hours, given 30-60
minutes before meals and at bedtime for about 5 days.



• Children under 12 years: 0.1 g/kg body weight, every 6 hours, given
30-60 minutes before meals and at bedtime for about 5 days. Not to
exceed 1.0 g per day.



Caution: Adverse reactions to short-term therapy are rare. However,
persons allergic to penicillin should not receive d-penicillamine
as they may suffer allergic reactions to it.



Succimer (DMSA) has been shown to be an effective chelator of arsenic,
though it is not labeled for this indication.19 In Europe, DMPS has been used
successfully in treatment of arsenic poisoning. In light of the lack of effective-
ness of d-penicillamine, coupled with the low toxicity and high therapeutic
index of DMPS and DMSA, it appears that the latter two agents may be the
preferred method for chronic toxicity or when oral chelation is acceptable.18,19



Dosage of DMSA (Succimer):



• Adults and Children: 10 mg/kg every 8 hours for 5 days, followed by
10 mg/kg every 12 hours for an additional 14 days. (Maximum 500
mg per dose). Should be given with food.



Dosage of DMPS:



• Adults: 100 mg every 8 hours for 3 weeks to 9 months.



7. Hemodialysis. Extracorporeal hemodialysis, used in combination with
BAL therapy, has limited effectiveness in removing arsenic from the blood.
Hemodialysis is clearly indicated to enhance arsenic elimination and main-
tain extracellular fluid composition if acute renal failure occurs.



8. Renal function. In patients with intact renal function, alkalinization of
the urine by sodium bicarbonate to maintain urine pH >7.5 may help pro-
tect renal function in the face of hemolysis occurring as part of the acute
poisoning.
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ARSINE GAS



Arsine is not used as a pesticide. However, some poisonings by arsine
have occurred in pesticide manufacturing plants and metal refining op-
erations when arsenicals came into contact with mineral acids or strong
reducing agents.



Toxicology
Arsine is a powerful hemolysin, a toxic action not exhibited by other



arsenicals. In some individuals, very little inhalation exposure is required to
cause a serious hemolytic reaction. Exposure times of 30 minutes at 25-50
parts per million are considered lethal.20 Symptoms of poisoning usually
appear 1-24 hours after exposure: headache, malaise, weakness, dizziness,
dyspnea, nausea, abdominal pain, and vomiting. Dark red urine (hemoglo-
binuria) is often passed 4-6 hours after exposure. Usually 1-2 days after
hemoglobinuria appears, jaundice is evident. Hemolytic anemia, sometimes
profound, usually provides diagnostic confirmation and can cause severe
weakness. Abdominal tenderness and liver enlargement are often apparent.
Basophilic stippling of red cells, red cell fragments, and ghosts are seen in
the blood smear. Methemoglobinemia and methemoglobinuria are evi-
dent. Elevated concentrations of arsenic are found in the urine, but these
are not nearly as high as are found in poisonings by solid arsenicals. Plasma
content of unconjugated bilirubin is elevated.



Renal failure due to direct toxic action of arsine and to products of
hemolysis represents the chief threat to life in arsine poisoning.21



Polyneuropathy and a mild psycho-organic syndrome are reported to
have followed arsine intoxication after a latency of 1-6 months.



Treatment
1. Remove the victim to fresh air.
2. Administer intravenous fluids to keep the urine as dilute as possible and to
support excretion of arsenic and products of hemolysis. Include sufficient
sodium bicarbonate to keep the urine alkaline (pH greater than 7.5).



Caution: Monitor fluid balance carefully to avoid fluid overload if
renal failure supervenes. Monitor plasma electrolytes to detect disturbances
(particularly hyperkalemia) as early as possible.
3. Monitor urinary arsenic excretion to assess severity of poisoning. The
amount of arsine that must be absorbed to cause poisoning is small, and
therefore high levels of urinary arsenic excretion may not always occur,
even in the face of significant poisoning.21,22



4. If poisoning is severe, exchange blood transfusion may be considered.
It was successful in rescuing one adult victim of arsine poisoning.
5. Extracorporeal hemodialysis may be necessary to maintain normal extra-
cellular fluid composition and to enhance arsenic elimination if renal failure
occurs, but it is not very effective in removing arsine carried in the blood.



HIGHLIGHTS



• Powerful hemolysin



Signs and Symptoms:



• Malaise, dizziness, nausea,
abdominal pain



• Hemoglobinuria and
jaundice.



Treatment:



• Supportive



• Exchange transfusion may
be considered
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INORGANIC TRIVALENT



Arsenic trioxide



Sodium arsenite



Calcium arsenite



Copper arsenite
(Acid copper arsenite)



Copper acetoarsenite



Arsine



“White arsenic.” Arsenous oxide. Has been
discontinued but still may be available
from prior registrations.



Mono-calcium arsenite, London purple.
Flowable powder for insecticidal use on
fruit.  All uses discontinued in the U.S.



Wettable powder, for use as insecticide,
wood preservative.  All uses discontinued
in the U.S.



Insecticide. Paris green, Schweinfurt green,
Emerald green, French green, Mitis green.
No longer used in the U.S.; still used
outside U.S.



Sodanit, Prodalumnol Double.  All uses
discontinued in the U.S.



INORGANIC PENTAVALENT



Arsenic acid



Sodium arsenate



Hi-Yield Dessicant H-10, Zotox. Water
solutions used as defoliants, herbicides, and
wood preservatives.



Disodium arsenate. Jones Ant Killer. All
uses discontinued, but may still be
encountered from old registration.



Not a pesticide. Occasionally generated
during manufacture of arsenicals.
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Calcium arsenate



Lead arsenate



Zinc arsenate



Gypsine, Soprabel. Limited use in the
U.S.; wettable powder used as insecticide
outside the U.S.



Non-selective herbicide, defoliant,
silvicide. Bolate, Bolls-Eye, Bophy, Dilic,
Kack, Phytar 560, Rad-E-Cate 25, Salvo.



ORGANIC (PENTAVALENT)



Cacodylic acid (sodium cacodylate)



Methane arsonic acid



Monosodium methane arsonate



Disodium methane arsonate



Monoammonium methane arsonate



MAA. Non-selective herbicide.



MSMA. Non-selective herbicide,
defoliant, silvicide. Ansar 170, Arsonate
Liquid, Bueno 6, Daconate 6, Dal-E-Rad,
Drexar 530, Herbi-All, Merge 823,
Mesamate, Target MSMA, Trans-Vert,
Weed-E-Rad, Weed-Hoe.



DSMA. Selective post-emergence
herbicide, silvicide. Ansar 8100, Arrhenal,
Arsinyl, Crab-E-Rad, Di-Tac, DMA,
Methar 30, Sodar, Weed-E-Rad 360.



MAMA. Selective post-emergence
herbicide. No longer used in the U.S.



Powder once used in U.S. as insecticide
on potatoes and tomatoes.
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CHAPTER 15



Fungicides



Fungicides are extensively used in industry, agriculture, and the home and gar-
den for a number of purposes, including: protection of seed grain during stor-
age, shipment, and germination; protection of mature crops, berries, seedlings,
flowers, and grasses in the field, in storage, and during shipment; suppression of
mildews that attack painted surfaces; control of slime in paper pulps; and pro-
tection of carpet and fabrics in the home.



Fungicides vary enormously in their potential for causing adverse effects in
humans. Historically, some of the most tragic epidemics of pesticide poisoning
occurred because of mistaken consumption of seed grain treated with organic
mercury or hexachlorobenzene. However, most fungicides currently in use are
unlikely to cause frequent or severe systemic poisonings for several reasons.
First, many have low inherent toxicity in mammals and are inefficiently ab-
sorbed. Second, many fungicides are formulated as suspensions of wettable pow-
ders or granules, from which rapid, efficient absorption is unlikely. And third,
methods of application are such that relatively few individuals are intensively
exposed. Apart from systemic poisonings, fungicides as a class are probably re-
sponsible for a disproportionate number of irritant injuries to skin and mucous
membranes, as well as dermal sensitization.



The following discussion covers the recognized adverse effects of widely
used fungicides. For fungicides that have caused systemic poisoning, recom-
mendations for management of poisonings and injuries are set forth. For fungi-
cides not known to have caused systemic poisonings in the past, only general
guidelines can be offered.



The discussion of fungicide-related adverse effects proceeds in this order:



• Substituted Benzenes



• Thiocarbamates



• Ethylene Bis Dithiocarbamates



• Thiophthalimides



• Copper Compounds



• Organomercury Compounds



• Organotin Compounds



• Cadmium Compounds



• Miscellaneous Organic Fungicides



HIGHLIGHTS



• Numerous fungicides in use
with varying levels of
toxicity



• Other than organomercury
compounds, most
fungicides are unlikely to be
absorbed enough to cause
systemic poisonings



Signs and Symptoms:



• Variable



Treatment:



• Dermal and eye
decontamination



• GI decontamination



• Intravenous fluids



Contraindicated:



• Atropine. Fungicides are
not cholinesterase
inhibitors
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Commercial Products



SUBSTITUTED BENZENES



chloroneb
Terraneb SP



chlorothalonil
Bravo
Clorto Caffaro
Clortosip
Daconil 2787
Exotherm Termil
Tuffcide
others



dicloran
Allisan
Clortran
DCNA



hexachlorobenzene*
Anticarie
Ceku C.B.
HCB
No Bunt



pentachloronitrobenzene
Avicol
Earthcide
Folosan
Kobu
Kobutol
PCNB
Pentagen
quintozene
Tri-PCNB
others



* Discontinued in the U.S.



SUBSTITUTED BENZENES



Toxicology



Chloroneb is supplied as wettable powder for treatment of soil and seed.
This agent exhibits very low oral toxicity in mammals. It may be moderately
irritating to skin and mucous membranes. The metabolite dichloromethoxy-
phenol is excreted in the urine. No cases of systemic poisoning in humans have
been reported.



Chlorothalonil is available as wettable powder, water dispersible granules,
and flowable powders. Chlorothalonil has caused irritation of skin and mucous
membranes of the eye and respiratory tract on contact. Cases of allergic contact
dermatitis have been reported. There is one report of immediate anaphylactoid
reaction to skin contact.1 It is apparently poorly absorbed across the skin and
the gastrointestinal lining. No cases of systemic poisoning in humans have been
reported.



Dicloran is a broad-spectrum fungicide widely used to protect perishable
produce. It is formulated as wettable powder, dusts, and flowable powders.
Dicloran is absorbed by occupationally exposed workers, but it is promptly
eliminated, at least partly in the urine. Biotransformation products include
dichloroaminophenol, which is an uncoupler of oxidative phosphorylation (en-
hances heat production). Extraordinary doses of dicloran given to laboratory
animals cause liver injury and corneal opacities.



Based on laboratory animal studies and effects of similar compounds, large
doses might be expected to cause liver injury, pyrexia, corneal opacities, and
possibly methemoglobinemia. None of these have been observed in humans
exposed to DCNA.



Hexachlorobenzene.Principal formulations are dusts and powders.
Hexachlorobenzene differs chemically and toxicologically from hexachlorocy-
clohexane, the gamma isomer of which (lindane) is still a widely-used insecticide.



Although this seed protectant fungicide has only slight irritant effects and
relatively low single-dose toxicity, long-term ingestion of HCB-treated grain
by Turkish farm dwellers in the late 1950s caused several thousand cases of
toxic porphyria resembling porphyria cutanea tarda.2 This condition was due
to impaired hemoglobin synthesis, leading to toxic end-products (porphyrins)
in body tissues. The disease was characterized by excretion of red-tinged (por-
phyrin-containing) urine, bullous lesions of light-exposed skin, scarring and
atrophy of skin with overgrowth of hair, liver enlargement, loss of appetite,
arthritic disease, and wasting of skeletal muscle mass. Although most adults
ultimately recovered after they stopped consuming the HCB-treated grain, some
infants nursed by affected mothers died.



Hexachlorobenzene is effectively dechlorinated and oxidized in humans;
trichlorophenols are the major urinary excretion products. Disposition is suffi-
ciently prompt that occupationally exposed workers usually show only slight
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elevation of blood HCB concentrations. HCB is sometimes present in blood
specimens from “non-occupationally exposed” persons in concentrations of up
to 5 mcg per liter. Residues in food are the probable cause.



Pentachloronitrobenzene is used to dress seed and treat soil. Formula-
tions include emulsifiable concentrates, wettable powders, and granules.
Hexachlorobenzene is a minor contaminant to technical PCNB.



High concentrations in prolonged contact with skin have caused sensitiza-
tion in some tested volunteers, but neither irritation nor sensitization has been
reported in occupationally exposed workers. One case of conjunctivitis and keratitis
occurred following eye contamination. This resolved slowly but completely.



Systemic poisonings have not been reported. Clearance in laboratory ani-
mals is slow, probably due to enterohepatic recirculation. Excretion is chiefly
biliary, with some conversion to pentachloroaniline, pentachlorophenol, and
other metabolites in the liver. Although a methemoglobinemic effect might be
suspected (as from nitrobenzene), this has not been reported in humans or
animals, nor has toxic porphyria (as from hexachlorobenzene) been reported.



Confirmation of Poisoning



Hexachlorobenzene (HCB) can be measured in blood by gas chromatog-
raphy. Chlorophenol metabolites can be measured in the urine. Although in-
herited disease and a number of exogenous agents may cause porphyrins to
appear in the urine, a test for porphyrins may be useful for toxicological diag-
nosis if there has been a known exposure to HCB or if a patient exhibits signs
suggestive of porphyria cutanea tarda.



Gas chromatography can be used to measure PCNB and metabolites,
chlorothalonil, and chloroneb, but the analysis is not widely available. Methods
have also been described for analysis of dicloran, but they are not widely available.



Treatment



1. Skin decontamination. Dermal contamination should be washed off with
soap and water. Flush contamination from the eyes with copious amounts of
water. If irritation persists, specialized medical care should be obtained. See
Chapter 2.



2. Gastrointestinal decontamination. If a large amount of the fungicide has
been ingested in the last few hours, and if copious vomiting has not already
occurred, it may be reasonable to consider GI decontamination. Activated char-
coal can be used along with the addition of the cathartic sorbitol to the char-
coal slurry. If sorbitol is given separately, it should be diluted with an equal
volume of water before administration. No more than one dose of sorbitol is
recommended and it should be used with caution in children and the elderly.
See Chapter 2 for appropriate dosages.
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Commercial Products



THIOCARBAMATES



ferbam
Carbamate WDG
Ferbam
Ferberk
Hexaferb
Knockmate
Trifungol



metam-sodium
A7 Vapam
Busan 1020
Karbation
Maposol
Metam-Fluid BASF
Nemasol
Solasan 500
Sometam
Trimaton
Vapam
VPM



thiram
Aules
Chipco Thiram 75
Fermide 850
Fernasan
Hexathir
Mercuram
Nomersam
Polyram-Ultra
Pomarsol forte
Spotrete-F
Spotrete WP 75
Tetrapom
Thimer
Thioknock
Thiotex
Thiramad
Thirasan
Thiuramin
Tirampa
TMTD
Trametan
Tripomol
Tuads



ziram
Cuman
Hexazir
Mezene
Tricarbamix
Triscabol
Vancide MZ-96
Zincmate
Ziram F4
Ziram Technical
Zirberk
Zirex 90
Ziride
Zitox



If contact with the toxicant has been minimal (for example, oral contami-
nation only, promptly flushed out of the mouth), administration of charcoal
without a cathartic, followed by careful observation of the patient, probably
represents optimal management.



3. Porphyria. Persons affected by porphyria should avoid sunlight, which ex-
acerbates the dermal injury by porphyrins.



THIOCARBAMATES
Thiocarbamates are commonly formulated as dusts, wettable powders, or water
suspensions. They are used to protect seeds, seedlings, ornamentals, turf, veg-
etables, fruit, and apples. Unlike the N-methyl carbamates (Chapter 5),
thiocarbamates have very little insecticidal potency. A few exhibit weak anti-
cholinesterase activity, but most have no significant effect on this enzyme. Overall,
they are less of a threat to human health than the insecticidal carbamates. Fun-
gicidal thiocarbamates are discussed in this section, while those used as herbi-
cides are considered in Chapter 13.



METAM-SODIUM



Metam-sodium is formulated in aqueous solutions for application as a soil
biocide and fumigant to kill fungi, bacteria, weed seeds, nematodes, and insects.
All homeowner uses have been cancelled in the United States.



Toxicology



Metam-sodium can be very irritating to the skin. Poisonings by ingestion
of metam-sodium have not been reported. Although animal feeding studies do
not indicate extraordinary toxicity of metam-sodium by ingestion, its decom-
position in water yields methyl isothiocyanate, a gas that is extremely irritating
to respiratory mucous membranes, to the eyes, and to the lungs. Inhalation of
methyl isothiocyanate may cause pulmonary edema (severe respiratory distress,
coughing of bloody, frothy sputum). For this reason, metam-sodium is consid-
ered a fumigant. It must be used in outdoor settings only, and stringent precau-
tions must be taken to avoid inhalation of evolved gas.



Theoretically, exposure to metam-sodium may predispose the individual
to Antabuse reactions if alcohol is ingested after exposure. (See Thiram.) How-
ever, no such occurrences have been reported.
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Confirmation of Poisoining



No tests for metam-sodium or its breakdown products in body fluids are
available.



Treatment



1. Skin decontamination. Skin contamination should be washed off with
soap and water. Flush contamination from the eyes with copious amounts of
water to avoid burns and corneal injury. If dermal or eye irritation persists,
specialized medical treatment should be obtained. See Chapter 2.



2. Gastrointestinal decontamination. If a large amount has been ingested
recently, consider gastric emptying or charcoal and cathartic. See Chapter 2 for
appropriate dosages.



3. Pulmonary edema. If pulmonary irritation or edema occur as a result of
inhaling methyl isothiocyanate, transport the victim promptly to a medical fa-
cility. Treatment for pulmonary edema should proceed as outlined in Chapter
16, Fumigants.



4. Contraindicated: Metam-sodium is not a cholinesterase inhibitor. Atro-
pine is not an antidote.



THIRAM



Thiram is a common component of latex and possibly responsible for
some of the allergies attributed to latex.



Toxicology



Thiram dust is moderately irritating to human skin, eyes, and respiratory
mucous membranes. Contact dermatitis has occurred in occupationally ex-
posed workers. A few individuals have experienced sensitization to thiram.3



Systemic human poisonings by thiram itself have been very few, probably
due to limited absorption in most circumstances involving human exposure.
Those which have been reported have been similar clinically to toxic reactions
to disulfiram (Antabuse), the ethyl analogue of thiram which has been exten-
sively used in alcohol aversion therapy.3 In laboratory animals, thiram at high
dosage has effects similar to those of disulfiram (hyperactivity, ataxia, loss of
muscle tone, dyspnea, and convulsions), but thiram appears to be about 10
times as toxic as disulfiram.











142  •  FUNGICIDES



Neither thiram nor disulfiram are cholinesterase inhibitors. Both, however,
inhibit the enzyme acetaldehyde dehydrogenase, which is critical to the
conversion of acetaldehyde to acetic acid. This is the basis for the “Antabuse
reaction” that occurs when ethanol is consumed by a person on regular disulfiram
dosage. The reaction includes symptoms of nausea, vomiting, pounding headache,
dizziness, faintness, mental confusion, dyspnea, chest and abdominal pain, profuse
sweating, and skin rash. In rare instances,  Antabuse reactions may have occurred
in workers who drank alcohol after previously being exposed to thiram.



Confirmation of Poisoning



Urinary xanthurenic acid excretion has been used to monitor workers
exposed to thiram. The test is not generally available.



Treatment: Thiram Toxicosis



1. Skin decontamination. Wash thiram from the skin with soap and water.
Flush contamination from the eyes with copious amounts of clean water. If irri-
tation of skin or eyes persists, specialized medical treatment should be obtained.



2. Gastrointestinal decontamination. If a large amount of thiram has been
swallowed within 60 minutes of presentation, and effective vomiting has not
already occurred, the stomach may be emptied by intubation, aspiration, and
lavage, taking all precautions to protect the airway from aspiration of vomitus.
Lavage should be followed by instillation of activated charcoal and cathartic. If
only a small amount of thiram has been ingested and/or treatment has been
delayed, oral administration of activated charcoal and cathartic probably repre-
sents optimal management.



3. Intravenous fluids. Appropriate IV fluids should be infused, especially if
vomiting and diarrhea are severe. Serum electrolytes and glucose should be
monitored and replaced as needed.



Treatment: Acetaldehyde Toxicosis (Antabuse Reaction)



1. Immediate management. Oxygen inhalation, Trendelenburg position-
ing, and intravenous fluids are usually effective in relieving manifestations of
Antabuse reactions.



2. Alochol avoidance. Persons who have absorbed any significant amount of
thiocarbamates must avoid alcoholic beverages for at least three weeks. Dispo-
sition of thiocarbamates is slow, and their inhibitory effects on enzymes are
slowly reversible.
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ZIRAM AND FERBAM



These are formulated as flowable and wettable powders, used widely on
fruit and nut trees, apples, vegetables, and tobacco.



Toxicology



Dust from these fungicides is irritating to the skin, respiratory tract, and
eyes. Prolonged inhalation of ziram is said to have caused neural and visual
disturbances, and, in a single case of poisoning, a fatal hemolytic reaction. Theo-
retically, exposure to ziram or ferbam may predispose the individual to Antabuse
reactions if alcohol is ingested after exposure. (See Thiram.) However, no such
occurrences have been reported.



Confirmation of Poisoning



No tests for these fungicides or their breakdown products in body fluids
are available.



Treatment



1. Skin decontamination. Skin contamination should be washed off with
soap and water. Flush contamination from the eyes with copious amounts of
water. If dermal or eye irritation persists, specialized medical treatment should
be obtained. See Chapter 2.



2. Gastrointestinal decontamination. If substantial amounts of ferbam or
ziram have been ingested recently, consideration should be given to gastric
emptying. If dosage was small and/or several hours have elapsed since inges-
tion, oral administration of charcoal and a cathartic probably represents optimal
management.



3. Hemolysis. If hemolysis occurs, intravenous fluids should be administered,
and induction of diuresis considered.
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ETHYLENE BIS DITHIOCARBAMATES
(EBDC COMPOUNDS)



MANEB, ZINEB, NABAM, AND MANCOZEB



Maneb and zineb are formulated as wettable and flowable powders. Nabam
is provided as a soluble powder and in water solution. Mancozeb is a coordina-
tion product of zinc ion and maneb. It is formulated as a dust and as wettable
and liquid flowable powders.



Toxicology



These fungicides may cause irritation of the skin, respiratory tract, and eyes.
Both maneb and zineb have apparently been responsible for some cases of chronic
skin disease in occupationally exposed workers, possibly by sensitization.



Although marked adverse effects may follow injection of EBDC compounds
into animals, systemic toxicity by oral and dermal routes is generally low. Nabam
exhibits the greatest toxicity, probably due to its greater water solubility and
absorbability. Maneb is moderately soluble in water, but mancozeb and zineb
are essentially water insoluble. Absorption of the latter fungicides across skin
and mucous membranes is probably very limited. Systemic poisonings of humans
have been extremely rare. However, zineb apparently precipitated an episode of
hemolytic anemia in one worker predisposed by reason of multiple red cell
enzyme deficiencies.4 Maneb exposure has been reported in one person who
developed acute renal failure and was treated with hemodialysis.5 Another person
developed behavioral and neurological symptoms including tonic-clonic seizures
after handling maneb. He recovered uneventfully with supportive care.6



The EBDC compounds are not inhibitors of cholinesterase or of acetalde-
hyde dehydrogenase. They do not induce cholinergic illness or “Antabuse” re-
actions.



Confirmation of Poisoining



No tests for these fungicides or their breakdown products in body fluids
are available.



Treatment



See Treatment for Substituted Benzenes, p. 139.



Commercial Products



ETHYLENE BIS
DITHIOCARBAMATES
(EBDC COMPOUNDS)



mancozeb
Dithane
Mancozin
manzeb
Manzin
Nemispor
Penncozeb
Ziman-Dithane



maneb
Kypman 80
Maneba
Manex
Manex 80
M-Diphar
Sopranebe
Trimangol



nabam
Chem Bam
DSE
Parzate
Spring Bak



zineb
Aspor
Dipher
Hexathane
Kypzin
Parzate C
Tritoftorol
Zebtox
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THIOPHTHALIMIDES



CAPTAN, CAPTAFOL, AND FOLPET



These agents are widely used to protect seed, field crops, and stored pro-
duce. They are formulated as dusts and wettable powders. Captafol is no longer
registered for use in the United States.



Toxicology



All of these fungicides are moderately irritating to the skin, eyes, and
respiratory tract. Dermal sensitization may occur; captafol appears to have been
responsible for several episodes of occupational contact dermatitis.7,8 No systemic
poisonings by thiophthalimides have been reported in humans, although captafol
has been reported to have exacerbated asthma after occupational exposure.9



Laboratory animals given very large doses of captan exhibit hypothermia,
irritability, listlessness, anorexia, hyporeflexia, and oliguria, the latter with
glycosuria and hematuria.



Confirmation of Poisoning



Captan fungicides are metabolized in the body to yield two metabolites
that can be measured in the urine.10



Treatment



See Treatment for Substituted Benzenes, p. 139.



COPPER COMPOUNDS



INORGANIC AND ORGANIC COMPOUNDS



Insoluble compounds are formulated as wettable powders and dusts. Soluble
salts are prepared as aqueous solutions. Some organometallic compounds are
soluble in mineral oils.



A great many commercial copper-containing fungicides are available. Some
are mixtures of copper compounds. Others include lime, other metals, and
other fungicides. Compositions of specific products can usually be provided by
manufacturers or by poison control centers.



Copper-arsenic compounds such as Paris green may still be used in agri-
culture outside the U.S.  Toxicity of these compounds is chiefly due to arsenic
content (see Chapter 14,  Arsenical Pesticides).



Commercial Products



THIOPHTHALIMIDES



captafol*
Crisfolatan
Difolatan
Foltaf
Haipen
Merpafol
Mycodifol
Sanspor



captan
Captaf
Captanex
Merpan
Orthocide
Vondcaptan



folpet
Folpan
Fungitrol II
Phaltan
Thiophal



COPPER COMPOUNDS



Inorganic Copper Compounds
copper acetate
copper ammonium carbonate
copper carbonate, basic
copper hydroxide
copper lime dust
copper oxychloride
copper potassium sulfide
copper silicate
copper sulfate
cupric oxide
cuprous oxide
tribasic



Bordeaux Mixture



Organic Copper Compunds
copper linoleate
copper naphthenate
copper oleate
copper phenyl salicylate
copper quinolinolate
copper resinate



* Discontinued in the U.S.
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Toxicology



The dust and powder preparations of copper compounds are irritating to the
skin, respiratory tract, and particularly to the eyes. Soluble copper salts (such as
the sulfate and acetate) are corrosive to mucous membranes and the cornea.
Limited solubility and absorption probably account for the generally low sys-
temic toxicity of most compounds. The more absorbable organic copper com-
pounds exhibit the greatest systemic toxicity in laboratory animals. Irritant effects
from occupational exposures to copper-containing fungicides have been fairly
frequent. Most of what is known about mammalian toxicity of copper com-
pounds has come from veterinary toxicology (livestock seem uniquely vulner-
able) and poisonings in humans due to deliberate ingestion of copper sulfate or to
consumption of water or food that had been contained in copper vessels.



Early signs and symptoms of copper poisoning include a metallic taste,
nausea, vomiting, and epigastric pain. In more severe poisonings, the gastrointes-
tinal irritation will worsen with hemetemesis and melanotic stools. Jaundice
and hepatomegaly are common.11,12 Hemolysis can occur, resulting in circula-
tory collapse and shock. Methemoglobinemia has been reported in these
cases.11,13,14 Acute renal failure with oliguria can also occur. Shock is a primary
cause of death early in the course, and renal failure and hepatic failure contrib-
ute to death more than 24 hours after poisoning.15



Treatment



Management of poisonings by ingestion of copper-containing fungicides
depends entirely on the chemical nature of the compound: the strongly ionized
salts present the greatest hazard; the oxides, hydroxides, oxychloride, and
oxysulfate are less likely to cause severe systemic poisoning.



1. Skin decontamination. Dust and powder should be washed from the skin
with soap and water. Flush the eyes free of irritating dust, powder, or solution,
using clean water or saline. If eye or dermal irritation persists, specialized medi-
cal treatment should be obtained. Eye irritation may be severe. See Chapter 2.



2. Anti-corrosive. Give water or milk as soon as possible to dilute the toxicant
and mitigate corrosive action on the mouth, esophagus, and gut.



3. Gastrointestinal decontamination. Vomiting is usually spontaneous in
acute copper ingestion. Further induction of emesis is contraindicated because
the corrosive nature of some copper salts can cause further damage to the
esophagus. Further GI decontamination should be determined on a case-by-
case basis, as outlined in Chapter 2. Gastric lavage may cause further damage.15



Charcoal has not been widely studied in metal poisonings as an effective
adsorbant.
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Caution: Gastric intubation may pose a serious risk of esophageal perfo-
ration if corrosive action has been severe. In this event, it may be best to avoid
gastric intubation.



4. Intravenous fluids. If indications of systemic illness appear, administer in-
travenous fluids containing glucose and electrolytes. Monitor fluid balance, and
correct blood electrolyte concentrations as needed. If shock develops, give blood
transfusions and vasopressor amines, as required.



5. Hemolysis. Monitor plasma for evidence of hemolysis (free hemoglobin)
and the red cells for methemoglobin. If hemolysis occurs, alkalinize the urine
to about pH 7.5 by adding sodium bicarbonate to the intravenous infusion
fluid. Also, mannitol diuresis may be considered. If methemoglobinemia is se-
vere (> 30%), or the patient is cyanotic, administer methylene blue. The dosage
for adults/child is 1-2 mg/kg/dose, given as a slow IV push over a few minutes,
every 4 hours as needed.15



6. Pain management. Severe pain may require the administration of mor-
phine.



7. Chelating agents. The value of chelating agents in copper poisoning has
not been established.16 However, BAL appears to accelerate copper excretion
and may alleviate illness. D-penicillamine is the treatment for Wilson’s disease
due to chronic copper toxicity; however, in the context of severe vomiting
and/or mental status changes from an acute ingestion, BAL would be a more
likely initial choice.13,15 For a recommended schedule of dosage for initial therapy
with BAL and subsequent penicillamine administration, see Chapter 14, Ar-
senical Pesticides.



8. Hemodialysis. Although hemodialysis is indicated for patients with renal
failure, copper is not effectively removed in the dialysate.11



ORGANOMERCURY COMPOUNDS



METHYL MERCURY AND METHOXYETHYL
MERCURY COMPOUNDS, PHENYLMERCURIC ACETATE



These fungicides have been formulated as aqueous solutions and dusts.
They have been used chiefly as seed protectants. Use of alkyl mercury fungicides
in the United States has been virtually prohibited for several years. Phenyl-
mercuric acetate is no longer permitted to be used in the United States.



Commercial Products



ORGANOMERCURY
COMPOUNDS



Methyl Mercury
Compounds



methyl mercury acetate
propionate
quinolinolate



Methoxyethyl Mercury
Compounds



methoxyethyl mercury acetate
MEMA
Panogen
Panogen M



methoxyethyl mercury chloride
Ceresan
Emisan 6
MEMC



Phenylmercuric Acetate
Agrosan
Setrete
Gallotox
PMAA
Shimmer-ex
Tag HL 331
Unisan
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Toxicology



 The mercurial fungicides are among the most toxic pesticides ever
developed, for both chronic and acute hazards. Epidemics of severe, often fatal,
neurologic disease have occurred when indigent residents of less developed
countries consumed methyl mercury-treated grain intended for planting of
crops.17,18 Poisoning has also occurred from eating meat from animals fed
mercury-treated seed.19 Most of what is known of poisoning by organic mercurial
fungicides has come from these occurrences.



Organic mercury compounds are efficiently absorbed across the gut and
possibly across the skin. Volatile organic mercury is readily taken up across the
pulmonary membrane. Methyl mercury is selectively concentrated in the tissue
of the nervous system, and also in red blood cells. Other alkyl mercury com-
pounds are probably distributed similarly. Excretion occurs almost entirely by
way of the bile into the bowel. The residence half-life of methyl mercury in
humans is about 65 days.20 There is significant conversion of organic mercury
to inorganic mercury in the red cell.



Early symptoms of poisoning are metallic taste in the mouth, numbness
and tingling of the digits and face, tremor, headache, fatigue, emotional lability,
and difficulty thinking. Manifestations of more severe poisoning are incoordi-
nation, slurred speech, loss of position sense, hearing loss, constriction of visual
fields, spasticity or rigidity of muscle movements, and deterioration of mental
capacity. Many poisonings caused by ingestion of organic mercurials have ter-
minated fatally, and a large percentage of survivors have suffered severe perma-
nent neurologic damage.17-19



Phenylmercuric acetate is not as extremely toxic as the alkyl mercury com-
pounds. It is not as efficiently absorbed from the gut as methyl mercury.21 Phenyl-
mercuric acetate had been used to prevent fungal growth in latex paint. There
have been reports of acrodynia in persons exposed to mercury vapor from use of
interior latex paint. Symptoms include fever, erythema and desquamation of hands
and feet, muscular weakness, leg cramps, and personality changes.22 Phenyl-
mercuric compounds have since been banned from latex paint.20



Confirmation of Poisoning



Mercury content of blood and tissues can be measured by atomic absorp-
tion spectrometry. Blood levels of 5 mcg/dL or greater are considered elevated
for acute exposure.21 Special procedures are needed for extraction and mea-
surement of organic mercury compounds specifically.
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Treatment



Every possible precaution should be taken to avoid exposure to organic
mercury compounds. Ingestion of an organic mercury compound, even at low
dosage, is life threatening, and management is difficult. Very little can be done
to mitigate neurologic damage caused by organic mercurials.



Persons experiencing symptoms (metallic taste in mouth) after inhalation of
volatile organic mercury compounds (methyl mercury is the most volatile) should
be removed promptly from the contaminated environment and observed closely
for indications of neurologic impairment. Following are the basic steps in man-
agement of poisoning:



1. Skin decontamination. Skin and hair contaminated by mercury-contain-
ing dust or solution should be cleansed with soap and water. Flush contamina-
tion from the eyes with clean water. If irritation persists, specialized medical
care should be obtained. See Chapter 2.



2. Gastrointestinal decontamination. Consider gastrointestinal decontami-
nation as outlined in Chapter 2.



3. Chelation is an essential part of the management of mercury poisoning. For
dosages of specific agents, see Chapter 14, Arsenical Pesticides. Succimer (DMSA)
appears to be the most effective agent available in the United States. Dimerca-
prol (BAL) is contraindicated in these poisonings due to its potential to in-
crease brain levels of mercury.20 EDTA is apparently of little value in poisonings
by organic mercury. D-penicillamine is probably useful, is available in the United
States, and has proven effective in reducing the residence half-life of methyl
mercury in poisoned humans.20 2,3-dimercaptopropane-1-sulfonate acid
(DMPS) and N-acetyl-D,L-penicillamine (NAP) are probably also useful but
are not currently approved for use in the United States.



4. Hemodialysis. Extracorporeal hemodialysis and hemoperfusion may be
considered, although experience to date has not been encouraging.



ORGANOTIN COMPOUNDS
These compounds are formulated as wettable and flowable powders for use



mainly as fungicides to control blights on field crops and orchard trees. Fentin
chloride was also prepared as an emulsifiable concentrate for use as a mollusci-
cide (Aquatin 20 EC, discontinued 1995). Tributyltin salts are used as fungi-
cides and antifouling agents on ships. They are somewhat more toxic by the
oral route than triphenyltin, but toxic actions are otherwise probably similar.



Commercial Products



ORGANOTIN
COMPOUNDS



fentin acetate*
Batasan
Brestan
Phenostat-A
Phentinoacetate
Suzu
TPTA



fentin chloride*
Tinmate



fentin hydroxide
Super Tin
Suzu-H
Tubotin



triphenyl tin



* Discontinued in the U.S.
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Toxicology



 These agents are irritating to the eyes, respiratory tract, and skin. They are
probably absorbed to a limited extent by the skin and gastrointestinal tract. Manifes-
tations of toxicity are due principally to effects on the central nervous system:
headache, nausea, vomiting, dizziness, and sometimes convulsions and loss of
consciousness. Photophobia and mental disturbances occur. Epigastric pain is
reported, even in poisoning caused by inhalation. Elevation of blood sugar, suffi-
cient to cause glycosuria, has occurred in some cases. The phenyltin fungicides
are less toxic than ethyltin compounds, which have caused cerebral edema,
neurologic damage, and death in severely poisoned individuals who were
exposed dermally to a medicinal compound of this type.23 No deaths and very
few poisonings have been reported as a result of occupational exposures to phenyltin
compounds.



Treatment



1. Skin decontamination. Skin contamination should be removed by wash-
ing with soap and water. Flush contaminants from the eyes with clean water or
saline. If irritation persists, specialized medical treatment should be obtained.
See Chapter 2.



2. Gastrointestinal decontamination. If large amounts of phenyltin com-
pound have been ingested in the past hour, measures may be taken to decon-
taminate the gastrointestinal tract, as outlined in Chapter 2.



3. Chelating agents. Neither BAL, penicillamine, nor other chelating agents
have been effective in lowering tissue stores of organotin compounds in ex-
perimental animals.



CADMIUM COMPOUNDS
Cadmium salts have been used to treat fungal diseases affecting turf and the



bark of orchard trees. They were formulated as solutions and emulsions. Miller
531 and Crag Turf Fungicide 531 were complexes of cadmium, calcium, cop-
per, chromium, and zinc oxides. They are now marketed as a generic fungicide.
Kromad is a mixture of cadmium sebacate, potassium chromate, and thiram.
Cad-Trete is a mixture of cadmium chloride and thiram. All cadmium fungi-
cides in the U.S. have been discontinued.



Commercial Products



CADMIUM
COMPOUNDS



cadmium chloride*
   Caddy
cadmium succinate*
   Cadminate
cadmium sulfate*



Cad-Trete
Crag Turf Fungicide
Kromad
Miller 531



* Discontinued in the U.S.
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Toxicology



Cadmium salts and oxides are very irritating to the respiratory and gas-
trointestinal tracts. Inhaled cadmium dust or fumes can cause respiratory toxic-
ity after a latency period of several hours, including a mild, self-limited illness
of fever, cough, malaise, headaches, and abdominal pain, similar to metal fume
fever. A more severe form of toxicity includes chemical pneumonitis, and is
associated with labored breathing, chest pain, and a sometimes fatal hemor-
rhagic pulmonary edema.24,25 Symptoms may persist for weeks.



Ingested cadmium causes nausea, vomiting, diarrhea, abdominal pain, and
tenesmus. Relatively small inhaled and ingested doses produce serious symp-
toms. Protracted absorption of cadmium has led to renal damage (proteinuria
and azotemia), anemia, liver injury (jaundice), and defective bone structure
(pathologic fractures) in chronically exposed persons. Prolonged inhalation of
cadmium dust has contributed to chronic obstructive pulmonary disease.26



Confirmation of Poisoning



 Cadmium can be measured in body fluids by appropriate extraction, fol-
lowed by flame absorption spectrometry. It is reported that blood cadmium
concentrations tend to correlate with acute exposure and urine levels tend to
reflect total body burden. Blood levels exceeding 5 mcg/dL suggest excessive
exposure.25 Urinary excretion in excess of 100 mcg per day suggests an unusu-
ally high body burden.



Treatment



1. Skin decontamination. Skin contamination should be removed by wash-
ing with soap and water. Flush contamination from the eyes with copious
amounts of clean water or saline. If irritation persists, specialized medical treat-
ment should be obtained. See Chapter 2.



2. Pulmonary edema. Respiratory irritation resulting from inhalation of
small amounts of cadmium dust may resolve spontaneously, requiring no
treatment. More severe reactions, including pulmonary edema and pneumonitis,
may require aggressive measures, including positive pressure mechanical
pulmonary ventilation, monitoring of blood gases, administration of diuretics,
steroid medications, and antibiotics.25 Codeine sulfate may be needed to control
cough and chest pain.



3. Gastrointestinal decontamination. The irritant action of ingested cadmium
products on the gastrointestinal tract is so strong that spontaneous vomiting
and diarrhea often eliminate nearly all unabsorbed cadmium from the gut. If
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retention of some cadmium in the lower GI tract is suspected, further
gastrointestinal decontamination may be considered, as outlined in Chapter 2.



4. Intravenous fluids may be required to overcome dehydration caused by
vomiting and diarrhea. Also, fluids limit cadmium toxicity affecting the kidneys
and liver. However, great care must be taken to monitor fluid balance and
blood electrolyte concentrations, so that failing renal function does not lead to
fluid overload.



5. Chelation therapy with calcium disodium EDTA may be considered for
acute poisoning, depending on measured cadmium in blood and urine, and the
status of renal function. Its therapeutic value in cadmium poisoning has not
been established, and use of the agent carries the risk that unduly rapid transfer
of cadmium to the kidney may precipitate renal failure. Urine protein and
blood urea nitrogen and creatinine should be carefully monitored during therapy.
The dosage should be 75 mg/kg/day in three to six divided doses for 5 days.
The total dose for the 5-day course should not exceed 500 mg/kg.27 Succimer
(DMSA) has also been used in this poisoning, but has not been demonstrated
to be efficacious.



6. Contraindications: Dimercaprol (BAL) is not recommended for treatment
of cadmium poisoning, chiefly because of the risk of renal injury by mobilized
cadmium.



7. Liver function. Monitor urine content of protein and cells regularly, and
perform liver function tests for indications of injury to these organs.



MISCELLANEOUS ORGANIC FUNGICIDES
Some modern organic fungicides are widely used. Reports of adverse ef-



fects on humans are few. Some of the known properties of these agents are
listed below.



Anilazine is supplied as wettable and flowable powders. Used on veg-
etables, cereals, coffee, ornamentals, and turf. This product has caused skin irri-
tation in exposed workers. Acute oral and dermal toxicity in laboratory animals
is low. Human systemic poisonings have not been reported.



Benomyl is a synthetic organic fungistat having little or no acute toxic
effect in mammals. No systemic poisonings have been reported in humans.
Although the molecule contains a carbamate grouping, benomyl is not a cho-
linesterase inhibitor. It is poorly absorbed across skin; whatever is absorbed is
promptly metabolized and excreted.



Skin injuries to exposed individuals have occurred, and dermal sensitiza-
tion has been found among agricultural workers exposed to foliage residues.



Commercial Products



MISCELLANEOUS
ORGANIC FUNGICIDES



anilazine*
Dyrene



benomyl
Benex
Benlate
Tersan 1991



cycloheximide*
naramycin



dodine
Carpene
Curitan
Melprex
Venturol



etridiazole
Aaterra
Ethazol
Koban
Pansoil
Terrazole
Truban



iprodione
Glycophene
Rovral



metalaxyl
Ridomil
Subdue



thiabendazole
Apl-Luster
Arbotect
Mertect
Tecto
Thibenzole



triadimefon
Amiral
Bayleton



triforine
Denarin
Funginex
Saprol



* Discontinued in the U.S.
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Cycloheximide is formulated as wettable powder, sometimes combined
with other fungicides. Cycloheximide is a product of fungal culture, effective
against fungal diseases of ornamentals and grasses. It is selectively toxic to rats,
much less toxic to dogs and monkeys. No human poisonings have been reported.
Animals given toxic doses exhibit salivation, bloody diarrhea, tremors, and
excitement, leading to coma and death due to cardiovascular collapse.
Hydrocortisone increases the rate of survival of deliberately poisoned rats.
Atropine, epinephrine, methoxyphenamine, and hexamethonium all relieved
the symptoms of poisoning, but did not improve survival.



Dodine is formulated as a wettable powder. It is commonly applied to
berries, nuts, peaches, apples, pears, and to trees afflicted with leaf blight. Dodine
is a cationic surfactant with antifungal activity. It is absorbed across the skin and
is irritating to skin, eyes, and gastrointestinal tract. Acute oral and dermal toxic-
ity in laboratory animals is moderate. Poisonings in humans have not been
reported. Based on animal studies, ingestion would probably cause nausea, vom-
iting, and diarrhea.



Iprodione is supplied as wettable powder and other formulations. It is
used on berries, grapes, fruit, vegetables, grasses, and ornamentals, and as a seed
dressing. Iprodione exhibits low acute oral and dermal toxicity in laboratory
animals. No human poisonings have been reported.



Metalaxyl is supplied as emulsifiable and flowable concentrates. It is used
to control soil-borne fungal diseases on fruit trees, cotton, hops, soybeans, pea-
nuts, ornamentals and grasses. Also used as seed dressing. Metalaxyl exhibits low
acute oral and dermal toxicity in laboratory animals. No human poisonings
have been reported.



Etridiazole is supplied as wettable powder and granules for application to
soil as a fungicide and nitrification inhibitor. Contact may result in irritation of
skin and eyes. Systemic toxicity is low. Human poisonings have not been re-
ported.



Thiabendazole is widely used as an agricultural fungicide, but most ex-
perience with its toxicology in humans has come from medicinal use against
intestinal parasites. Oral doses administered for this purpose are far greater than
those likely to be absorbed in the course of occupational exposure. Thiabenda-
zole is rapidly metabolized and excreted in the urine, mostly as a conjugated
hydroxy-metabolite. Symptoms and signs that sometimes follow ingestion are:
dizziness, nausea, vomiting, diarrhea, epigastric distress, lethargy, fever, flushing,
chills, rash and local edema, headache, tinnitus, paresthesia, and hypotension.
Blood enzyme tests may indicate liver injury. Persons with liver and kidney
disease may be unusually vulnerable to toxic effects.  Adverse effects from use of
thiabendazole as a fungicide have not been reported.



Triadimefon is supplied as wettable powder, emulsifiable concentrate, sus-
pension concentrate, paste, and dry flowable powder. Used on fruit, cereals,
vegetables, coffee, ornamentals, sugarcane, pineapple, and turf, triadimefon ex-
hibits moderate acute oral toxicity in laboratory animals, but dermal toxicity is
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low. It causes irritation if eyes are contaminated. Triadimefon is absorbed across
the skin. Overexposures of humans are said to have resulted in hyperactivity
followed by sedation.



Triforine is supplied as emulsifiable concentrate and wettable powder.
Used on berries, fruit, vegetables, and ornamentals, triforine exhibits low acute
oral and dermal toxicity in laboratory animals. Mammals rapidly excrete it
chiefly as a urinary metabolite. No human poisonings have been reported.



Confirmation of Poisoining



There are no generally available laboratory tests for these organic fungi-
cides or their metabolites in body fluids.



Treatment



See Treatment for Substituted Benzenes, p. 139.



References



1. Dannaker CJ, Maibach HI, and O’Malley M. Contact urticaria and anaphylaxis to the fun-
gicide chlorothalonil. Cutis 1993;52:3120-5.



2. Peters HA, Gocmen A, Cripps DJ, et al. Epidemiology of hexachlorobenzene-induced por-
phyria in Turkey: Clinical and laboratory follow-up after 25 years. Arch Neurol 1992;39:744-9.



3. Dalvi RR. Toxicology of thiram (tetramethylthiuram disulfide): A review. Vet Hum Toxicol
1988;30:480-2.



4. Pinkhans J, Djaldetti M, Joshua H, et al. Sulfahemoglobinemia and acute hemolytic anemia
with Heinz bodies following contact with a fungicide-zinc ethylene bisdithiocarbamate in a
subject with glucose-6-phosphate dehydrogenase deficiency and hypocatalasemia. Blood
1963;21:484-93.



5. Koizumi A, Shiojima S, Omiya M, et al. Acute renal failure and maneb (manganouis
ethylenebis[dithiocarbamate]) exposure. JAMA 1979;242:2583-5.



6. Israeli R, Sculsky M, and Tiberin P.  Acute intoxication due to exposure to maneb and zineb:
A case with behavioral and central nervous system changes. Scand J Work Environ Health
1983;9:47-51.



7. Peluso AM, Tardio M, Adamo F, et al. Multiple sensitization due to bis-dithiocarbamate and
thiophthalimide pesticides. Contact Dermatitis 1991;25:327.



8. Vilaplana J and Romaguera C. Captan, a rare contact sensitizer in hairdressing. Contact Der-
matitis 1993;29:107.



9. Royce S, Wald P, Sheppard D, et al. Occupational asthma in a pesticides manufacturing
worker. Chest 1993;103:295-6.



10. Krieger RI and Thongsinthusak T. Captan metabolism in humans yields two biomarkers,
tetrahydrophthalimide (THPI) and thiazolidine-2-thione-4-carboxylic acid (TTCA) in urine.
Drug Chem Toxicol 1993;16:207-25.











FUNGICIDES  •  155



11. Agarwal SK, Tiwari SC, and Dash SC. Spectrum of poisoning requiring haemodialysis in a
tertiary care hospital in India. Int J Artif Organs 1993;16:20-3.



12. Lamont DL and Duflou JALC. Copper sulfate: Not a harmless chemical. Am J Forensic Med
Pathol 1988;9:226-7.



13. Chugh KS, Singhal PC, and Sharma BK. Methemoglobinemia in acute copper sulfate poi-
soning. Ann Intern Med 1975;82:226-9.



14. Jantsch W, Kulig K, and Rumack BH. Massive copper sulfate ingestion resulting in hepato-
toxicity. Clin Toxicol 1984-85;22:585-8.



15. POISINDEX®: Copper poisoning. Englewood, CO: Micromedex, 1998.



16. Hantson P, Lievens M, and Mahieu P. Accidental ingestion of a zinc and copper sulfate
preparation. Clin Toxicol 1996;34:725-30.



17. Bakir F, Rustam H, Tikritis S, et al. Clinical and epidemiological aspects of methylmercury
poisoning. Postgrad Med J 1980;56:1-10.



18. Grandjean P, Weihe P, and Nielsen JB. Methylmercury; Significance of intrauterine and
postnatal exposures. Clin Chem 1994;40:1395-1400.



19. Snyder RD. Congenital mercury poisoning. New Engl J Med 1971;284:1014-5.



20. Clarkson TW. Mercury— An element of mystery. New Engl J Med 1990;323:1137-8.



21. Agency for Toxic Substances and Disease Registry. Mercury toxicity. Am Fam Physician
1992;46:1731-41.



22. Agocs MM, Etzel RA, Parrish RG, et al. Mercury exposure from interior latex paint. New
Engl J Med 1990;323:1096-100.



23. Colosio C, Tomasini M, Cairoli S, et al. Occupational triphenyltin acetate poisoning: A case
report. Br J Ind Med 1991;48:136-9.



24. Barnhart S and Rosenstock L. Cadmium chemical pneumonitis. Chest 1984;86:789-91.



25. Ando Y, Shibata E, Tsuchiyama F, et al. Elevated urinary cadmium concentrations in a patient
with acute cadmium pneumonitis. Scand J Work Environ Health 1996;22:150-3.



26. Hendrick DJ. Occupational and chronic obstructive pulmonary disease (COPD). Thorax
1996;51:947-55.



27. Klaassen CD. Heavy metals and heavy metal antagonists. In: Gilman AG, Rall TW, Niew AS,
et al (eds). Goodman and Gilman’s The Pharmacological Basis of Therapeutics, 3rd ed. New
York: Pergamon Press, 1990, pp. 1605-6.











156  •  FUMIGANTS



CHAPTER 16



Fumigants



Fumigants have remarkable capacities for diffusion, a property essential to their
function. Some readily penetrate rubber and neoprene personal protective gear,
as well as human skin. They are rapidly absorbed across the pulmonary mem-
brane, gut, and skin. Special adsorbents are required in respirator canisters to
protect exposed workers from airborne fumigant gases. Even these may not
provide complete protection when air concentrations of fumigants are high.



The packaging and formulation of fumigants are complex. Fumigants which
are gases at room temperature (methyl bromide, ethylene oxide, sulfur dioxide,
hydrogen cyanide, sulfuryl fluoride) are provided in compressed gas cylinders. Liq-
uids are marketed in cans or drums. Solids which sublime, such as naphthalene,
must be packaged so as to prevent significant contact with air before they are used.



Mixtures of fumigants have several advantages. Carbon tetrachloride re-
duces the explosiveness of carbon disulfide and acrylonitrile. Chloropicrin, having
a strong odor and irritant effect, is often added as a “warning agent” to other
liquid fumigants.



Liquid halocarbons and carbon disulfide evaporate into the air while naph-
thalene sublimes. Paraformaldehyde slowly depolymerizes to formaldehyde.
Aluminum phosphide slowly reacts with water vapor in the air to liberate phos-
phine, an extremely toxic gas. Metam sodium, also a fumigant, is covered under
thiocarbamates in Chapter 15, Fungicides.



Toxicology (in alphabetical order)



Acrolein (acrylaldehyde) is an extremely irritating gas used as a fumigant
and an aquatic herbicide. The vapor causes lacrimation and upper respiratory
tract irritation, which may lead to laryngeal edema, bronchospasm, and delayed
pulmonary edema. The consequences of ingestion are essentially the same as
those that follow ingestion of formaldehyde. Contact with the skin may cause
blistering.



Acrylonitrile is biotransformed in the body to hydrogen cyanide. Toxic-
ity and mechanisms of poisoning are essentially the same as for cyanide (see
under hydrogen cyanide below), except that acrylonitrile is irritating to the
eyes and to the upper respiratory tract.



Carbon disulfide vapor is only moderately irritating to upper respiratory
membranes, but it has an offensive “rotten cabbage” odor. Acute toxicity is due



HIGHLIGHTS



• Easily absorbed in lung, gut,
skin



Signs and Symptoms:



• Highly variable based on
agent



• Many are irritants



• Carbon disulfide,
chloroform, hydrogen
cyanide, and naphthalene
may have serious CNS
effects



• Methyl bromide and
aluminum phosphide
(phosphine gas) cause
pulmonary edema



• Hydrogen cyanide causes
severe hypoxia without
cyanosis in early stages



Treatment:



• Skin and eye
decontamination



• Oxygen and diuresis for
pulmonary edema



• Specific measures needed
for various agents



Contraindicated:



• Ipecac should not be used
in cyanide poisoning
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chiefly to effects on the central nervous system. Inhalation of high concentra-
tions for short periods has caused headache, dizziness, nausea, hallucinations,
delirium, progressive paralysis, and death from respiratory failure. More pro-
longed exposure to lesser amounts has lead to blindness, deafness, paresthesia,
painful neuropathy, and paralysis. Carbon disulfide is a potent skin irritant,
often causing severe burns. Long-term occupational exposures have been shown to
accelerate atherosclerosis, leading to ischemic myocardiopathy, polyneuropathy,
and gastrointestinal dysfunction.1 Toxic damage to the liver and kidneys may
result in severe functional deficits of these organs. Reproductive failure has
been noted.



Carbon tetrachloride is less toxic than chloroform as a central nervous
system depressant, but is much more severely hepatotoxic, particularly follow-
ing ingestion. Liver cell damage is apparently due to free radicals generated in
the process of initial dechlorination.2 Cardiac arrhythmias, progressing to
fibrillation, may follow inhalation of high concentrations of carbon tetra-
chloride or ingestion of the liquid. Kidney injury also occurs sometimes with
minimal hepatic toxicity. The kidney injury may be manifested by acute tubular
necrosis or by azotemia and general renal failure. Even topical exposure has
resulted in acute renal toxicity.3



Chloroform has an agreeable sweet odor and is only slightly irritating to
the respiratory tract. It is well absorbed from the lungs and is also absorbed
from the skin and gastrointestinal tract. It is a powerful central nervous system
depressant (in fact, an anesthetic).4 Inhalation of toxic concentrations in air
leads to dizziness, loss of sensation and motor power, and then unconsciousness.
Inhalation of large amounts causes cardiac arrhythmias, sometimes progressing
to ventricular fibrillation. Large absorbed doses damage the functional cells of
the liver and kidney. Ingestion is more likely to cause serious liver and kidney
injury than is inhalation of the vapor.



Chloropicrin is severely irritating to the upper respiratory tract, eyes, and
skin. Inhalation of an irritant concentration sometimes leads to vomiting. In-
gestion could be expected to cause a corrosive gastroenteritis.



Dibromochloropropane is irritating to skin, eyes, and the respiratory
tract. Eye damage has resulted from repeated exposure to the vapors. When
absorbed, it causes headache, nausea, vomiting, ataxia, and slurred speech. Liver
and kidney damage are prominent features of acute poisoning. Chronic
exposure to relatively low concentrations has led to temporary or permanent
sterility of workers in a manufacturing plant, by causing diffuse necrosis of
seminiferous tubule cells. Because it is much less odiferous than ethylene
dibromide, exposure of workers to toxic concentrations of DBCP is more likely.
Its use has been cancelled in the U.S.



Dichloropropene and dichloropropane are strongly irritating to the
skin, eyes, and respiratory tract. Bronchospasm may result from inhalation of
high concentrations. Liver, kidney, and cardiac toxicity are seen in animals, but
there are limited data in humans. It appears that risk of such toxicity is relatively
low for humans except via ingestion of large quantities.



Commercial Products



HALOCARBONS



carbon tetrachloride*
chloroform*



trichloromethane
chloropicrin



Aquinite
Dojyopicrin
Dolochlor
Larvacide
Pic-Clor



dibromochloropropane*
Nemafume
Nemanax
Nemaset



1,2-dichloropropane*
propylene dichloride



1,3-dichloropropene
D-D92
Telone II Soil Fumigant



ethylene dibromide*
Bromofume
Celmide
dibromoethane
E-D-Bee
EDB
Kopfume
Nephis



ethylene dichloride*
dichloroethane
EDC



methyl bromide
Celfume
Kayafume
Meth-O-Gas
MeBr
Sobrom 98



methylene chloride*
paradichlorobenzene



HYDROCARBONS



naphthalene



NITROGEN COMPOUNDS



acrylonitrile*
hydrogen cyanide*



hydrocyanic acid
prussic acid



(Continued on the next page)











158  •  FUMIGANTS



Ethylene dibromide is a severe irritant to skin, eyes, and respiratory tract.
The liquid causes blistering and erosion of skin, and is corrosive to the eyes.
Once absorbed, it may cause pulmonary edema and central nervous system
depression. Damage to testicular tissue has occurred in animals.5 Long-term
exposure may have some damaging effect on testicular tissue. Persons poisoned
by ingestion have suffered chemical gastroenteritis, liver necrosis, and renal tu-
bular damage. Death is usually due to respiratory or circulatory failure. A pow-
erful disagreeable odor is advantageous in warning occupationally exposed
workers of the presence of this gas.



Ethylene dichloride is moderately irritating to the eyes and respiratory
tract. Respiratory symptoms may have a delayed onset. It depresses the central
nervous system, induces cardiac arrhythmias, and damages the liver and kidney,
in much the same way as carbon tetrachloride. Symptoms and signs of poison-
ing include headache, nausea, vomiting, dizziness, diarrhea, hypotension, cy-
anosis, and unconsciousness.



Ethylene oxide and propylene oxide are irritants to all tissues they
contact. Aqueous solutions of ethylene oxide cause blistering and erosion of the
affected skin. The area of skin may thereafter be sensitized to the fumigant.
Inhalation of high concentrations is likely to cause pulmonary edema and car-
diac arrhythmias. Headache, nausea, vomiting, weakness, and a persistent cough
are common early manifestations of acute poisoning. Coughing of bloody, frothy
sputum is characteristic of pulmonary edema.



Airborne formaldehyde is irritating to the eyes and to membranes of the
upper respiratory tract. In some individuals, it is a potent sensitizer, causing aller-
gic dermatitis. In addition, it has been associated with asthma-like symptoms,
though there remains some controversy as to whether these represent true aller-
gic asthma caused by formaldehyde.6,7,8 High air concentrations may cause laryn-
geal edema, asthma, or tracheobronchitis, but apparently not pulmonary edema.
Aqueous solutions in contact with the skin cause hardening and roughness, due
to superficial coagulation of the keratin layer. Ingested formaldehyde attacks the
membrane lining of the stomach and intestine, causing necrosis and ulceration.
Absorbed formaldehyde is rapidly converted to formic acid. The latter is partly
responsible for the metabolic acidosis that is characteristic of formaldehyde poi-
soning. Circulatory collapse and renal failure may follow the devastating effects of
ingested formaldehyde on the gut, leading to death. Paraformaldehyde is a poly-
mer which slowly releases formaldehyde into the air. Toxicity is somewhat less
than that of formaldehyde, because of the slow evolution of gas.



Hydrogen cyanide gas causes poisoning by inactivating cytochrome oxi-
dase, the final enzyme essential to mammalian cellular respiration. The patient
will have signs of severe hypoxia, however, and in some cases may not appear
cyanotic. This is due to the failure of hemoglobin reduction in the face of loss
of cellular respiration. This will result in a pink or red color to the skin and
arteriolization of retinal veins. In addition to the suggestive physical findings,



Commercial Products
(Continued)



OXIDES AND ALDEHYDES



acrolein
Magnacide B
Magnacide H



1,2-epoxyethane
ethylene oxide



ETO
formaldehyde
oxirane
paraformaldehyde



PHOSPHORUS COMPOUNDS



phosphine (liberated from
aluminum phosphide or
magnesium phosphide)



Agtoxin
Alphos
Fumex
Fumitoxin
Phostoxin
Quickfos
Sanifume
Shaphos
others



SULFUR COMPOUNDS



carbon disulfide*
sulfur dioxide
sulfuryl fluoride



Vikane



* Discontinued in the U.S.
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one may also find an unusually high pO2 on a venous blood gas.9 Cyanosis is a
late sign and indicates circulatory collapse.



The cells of the brain appear to be the most vulnerable to cyanide action.
Presenting signs are nonspecific and can be found with many poisonings.
Unconsciousness and death may occur immediately following inhalation of a
high cyanide concentration, respiratory failure being the principal mechanism.
Metabolic acidosis is another common presenting sign. Lesser exposures cause
a constriction and numbness in the throat, stiffness of the jaw, salivation, nausea,
vomiting, lightheadedness, and apprehension. Worsening of the poisoning
is manifest as violent tonic or clonic convulsions. Fixed, dilated pupils,
bradycardia, and irregular gasping respiration (or apnea) are typical of profound
poisoning. The heart often continues to beat after breathing has stopped.9,10



A bitter almond odor to the breath or vomitus may be a clue to poisoning, but
not all individuals are able to detect this odor.9



Methyl bromide is colorless and nearly odorless, but is severely irritating
to the lower respiratory tract, sometimes inducing pulmonary edema, hemor-
rhage, or a confluent pneumonia. The onset of respiratory distress may be
delayed 4-12 hours after exposure. It is a central nervous system depressant, but
may also cause convulsions. Early symptoms of acute poisoning include
headache, dizziness, nausea, vomiting, tremor, slurred speech, and ataxia. The
more severe cases of poisoning exhibit myoclonic and generalized tonic clonic
seizures, which are sometimes refractory to initial therapy. Residual neurologi-
cal deficits including myoclonic seizures, ataxia, muscle weakness, tremors,
behavioral disturbances, and diminished reflexes may persist in more severely
poisoned patients.11,12 If liquid methyl bromide contacts the skin, severe
burning, itching, and blister formation occur. Skin necrosis may be deep and
extensive.



Methylene chloride is one of the less toxic halocarbons. It is absorbed by
inhalation and to a limited extent across the skin. Exposure to high concentra-
tions may cause central nervous system depression, manifested as fatigue,
weakness, and drowsiness. Some absorbed methylene chloride is degraded to
carbon monoxide in humans, yielding increased blood concentrations of
carboxyhemoglobin. However, concentrations are rarely high enough to cause
symptoms of carbon monoxide poisoning. Ingestion has caused death from
gastrointestinal hemorrhage, severe liver damage, coma, shock, metabolic
acidosis, and renal injury. In laboratory animals, extraordinary dosage has caused
irritability, tremor, and narcosis, leading to death. When heated to that point of
decomposition, one of the products is the highly toxic phosgene gas that has
caused a significant acute pneumonitis.13



 Naphthalene is a solid white hydrocarbon long used in ball, flake, or cake
form as a moth repellent. It sublimes slowly. The vapor has a sharp, pungent odor
that is irritating to the eyes and upper respiratory tract. Inhalation of high con-
centrations causes headache, dizziness, nausea, and vomiting. Intensive prolonged
inhalation exposure, or ingestion or dermal exposure (from contact with heavily
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treated fabric) may cause hemolysis, particularly in persons afflicted with glu-
cose-6-phosphate dehydrogenase deficiency.14 The inheritance of glucose-6-
phosphate dehydrogenase (G-6-PD) deficiency is by a sex-linked gene with
intermediate dominance. For this reason it is most commonly expressed in
heterozygous males. However, homozygous females, who are far less common,
will have a similar expression. Heterozygous females have only a mild depres-
sion of this enzyme. This illness is most common in non-white African and
African-American ethnic groups. It is also seen in some Mediterranean ethnic
populations.



It is actually the metabolites of naphthalene that are responsible for the hemoly-
sis.15 Secondary renal tubular damage may ensue from the naphthol and from the
products of hemolysis. Convulsions and coma may occur, particularly in children.
In infants, high levels of hemoglobin, methemoglobin, and bilirubin in the plasma
may lead to encephalopathy. Kernicterus has been specifically described as a com-
plication of exposure to naphthalene with severe hemolysis and resulting hyper-
bilirubinemia. Some individuals exhibit dermal sensitivity to naphthalene.



Paradichlorobenzene is solid at room temperature, and is now widely
used as a moth repellent, air freshener, and deodorizer in homes and in public
facilities. The vapor is only mildly irritating to the nose and eyes. Liver injury
and tremor may occur following ingestion of large amounts. Although acci-
dental ingestions, especially by children, have been fairly common, symptom-
atic human poisonings have been rare. Other stereoisomers of dichlorobenzene
are more toxic than the para-isomer.



Phosphine gas is extremely irritating to the respiratory tract. It also pro-
duces severe systemic toxicity. It is used as a fumigant by placing solid aluminum
phosphide (phostoxin) near produce or in other storage spaces. Through hy-
drolysis, phosphine gas is slowly released. Most severe acute exposures have in-
volved ingestion of the solid aluminum phosphide, which is rapidly converted to
phosphine by acid hydrolysis in the stomach. Poisoning due to ingestion carries a
high mortality rate (50 to 90%). 16,17 Mechanisms of toxicity are not well under-
stood. Extracellular magnesium levels have been found to be slightly elevated,
suggesting a depletion of intracellular magnesium from myocardial damage.18



Poisonings had become quite frequent during the late 1980s and early
1990s in some parts of India.16,17 The principal manifestations of poisoning are
fatigue, nausea, headache, dizziness, thirst, cough, shortness of breath, tachycar-
dia, chest tightness, paresthesia, and jaundice. Cardiogenic shock is present in
more severe cases. Pulmonary edema is a common cause of death. In other
fatalities, ventricular arrythmias, conduction disturbances, and asystole devel-
oped.16,19 Odor is said to resemble that of decaying fish.



Sulfur dioxide is a highly irritant gas, so disagreeable that persons inhal-
ing it are usually prompted to seek uncontaminated air as soon as possible.
However, laryngospasm and pulmonary edema have occurred, occasionally lead-
ing to severe respiratory distress and death. It is sometimes a cause of reactive
airways disease in occupationally exposed persons.
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Sulfuryl fluoride has been used extensively for structural fumigation.
Although use experience has generally been good, some fatalities have oc-
curred when fumigated buildings have been prematurely reentered by unpro-
tected individuals.20 Since this material is heavier than air, fatal hypoxia may
follow early reentry. Manifestations of poisoning have been nose, eye, and throat
irritation, weakness, nausea, vomiting, dyspnea, cough, restlessness, muscle twitch-
ing, and seizures. Renal injury may induce proteinuria and azotemia.



Confirmation of Poisoning



There are no practical tests for absorbed alkyl oxides, aldehydes, or
phosphine that would be helpful in diagnosis of poisoning.



Carbon disulfide can be measured in urine by gas chromatography, but
the test is not generally available.



Cyanide ion from cyanide itself or acrylonitrile can be measured in
whole blood and urine by an ion-specific electrode or by colorimetry. Symp-
toms of toxicity may appear at blood levels above 0.10 mg per liter.10 Urine
cyanide is usually less than 0.30 mg per liter in nonsmokers, but as much as 0.80
mg per liter in smokers. Thiocyanate, the metabolite of cyanide, can also be
measured in blood and urine. It is elevated at blood levels exceeding 12 mg per
liter.10 Urine thiocyanate is usually less than 4 mg per liter in nonsmokers, but
may be as high as 17 mg per liter in smokers.



Methyl bromide yields inorganic bromide in the body. Methyl bromide
itself has a short half-life and is usually not detectable after 24 hours. The bromide
anion is slowly excreted in the urine (half-life about 10 days), and is the preferred
method of serum measurement.11 The serum from persons having no excep-
tional exposure to bromide usually contains less than 1 mg bromide ion per 100
mL. The possible contributions of medicinal bromides to elevated blood content
and urinary excretion must be considered, but if methyl bromide is the exclusive
source, serum bromide exceeding 6 mg per 100 mL probably means some ab-
sorption, and 15 mg per 100 mL is consistent with symptoms of acute poisoning.
Inorganic bromide is considerably less toxic than methyl bromide; serum con-
centrations in excess of 150 mg per 100 mL occur commonly in persons taking
inorganic bromide medications. In some European countries, blood bromide
concentrations are monitored routinely in workers exposed to methyl bromide.
Blood levels over 3 mg per 100 mL are considered a warning that personal pro-
tective measures must be improved. A bromide concentration over 5 mg per 100
mL requires that the worker be removed from the fumigant-contaminated envi-
ronment until blood concentrations decline to less than 3 mg per 100 mL.



Methylene chloride is converted to carbon monoxide in the body, gener-
ating carboxyhemoglobinemia, which can be measured by clinical laboratories.



Naphthalene is converted mainly to alpha naphthol in the body and promptly
excreted in conjugated form in the urine. Alpha naphthol can be measured by gas
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chromatography. Many halocarbons can be measured in blood by gas chromato-
graphic methods. Some can be measured in the expired air as well.



Paradichlorobenzene is metabolized mainly to 2,5-dichlorophenol, which
is conjugated and excreted in the urine. This product can be measured chro-
matographically.



A serum fluoride concentration of 0.5 mg per liter was measured in one
fatality from sulfuryl fluoride fumigation. Serum fluoride in persons not
exceptionally exposed rarely exceeds 0.1 mg per liter.



 Large industrial concerns sometimes monitor human absorption of
halocarbons by analysis of expired air. Similar technology is available in some
departments of anesthesiology. These analyses are rarely needed to identify the
offending toxicant, because this is known from the exposure history. In managing
difficult cases of poisoning, however, it may be helpful to monitor breath concen-
trations of toxic gas to evaluate disposition of the fumigant. Testing of the urine
for protein and red cells is needed to detect renal injury. Free hemoglobin in
urine most likely reflects hemolysis, as from naphthalene. Elevations of alkaline
phosphatase, lactate dehydrogenase (LDH), serum GGT, ALT, AST, and certain
other enzymes are sensitive indices of insult to liver cells. More severe damage
increases plasma concentrations of bilirubin. The chest x-ray may be used to
confirm the occurrence of pulmonary edema. Electromyography may be useful
in evaluating peripheral nerve injury. Sperm counts may be appropriate for workers
exposed to dibromochloropropane and ethylene dibromide.



Some occupational health agencies now urge periodic neurologic and
neuropsychologic testing of workers heavily exposed to fumigants and solvents
to detect injury to the nervous system as early as possible. This would be par-
ticularly desirable in the case of exposures to such agents as methyl bromide
and carbon disulfide which have well-documented chronic neurotoxic effects.



Treatment



1. Skin decontamination. Flush contaminating fumigants from the skin and
eyes with copious amounts of water or saline for at least 15 minutes. Some
fumigants are corrosive to the cornea and may cause blindness. Specialized
medical treatment should be obtained promptly following decontamination.
Skin contamination may cause blistering and deep chemical burns. Absorption
of some fumigants across the skin may be sufficient to cause systemic poisoning
in the absence of fumigant inhalation. For all these reasons, decontamination of
eyes and skin must be immediate and thorough. See Chapter 2.



2. Physical placement. Remove victims of fumigant inhalation to fresh air
immediately. Even though initial symptoms and signs are mild, keep the victim
quiet, in a semi-reclining position. Minimum physical activity limits the likeli-
hood of pulmonary edema.
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3. Respiration. If victim is not breathing, clear the airway of secretions and
resuscitate with positive pressure oxygen apparatus. If this is not available, use
chest compression to sustain respiration. If victim is pulseless, employ cardiac
resuscitation.



4. Pulmonary edema. If pulmonary edema is evident, there are several mea-
sures available to sustain life. Medical judgment must be relied upon, however,
in the management of each case. The following procedures are generally
recommended:



• Put the victim in a sitting position with a backrest.



• Use intermittent and/or continuous positive pressure oxygen to
relieve hypoxemia. (Do not give oxygen at greater concentrations
or longer periods than necessary, because it may exaggerate the fu-
migant injury to lung tissue. Monitor arterial pO



2
.)



• Slowly administer furosemide, 40 mg, intravenously (0.5-1 mg/kg
in children up to 20 mg), to reduce venous load by inducing diure-
sis. Consult package insert for additional directions and warnings.



Some patients may benefit from careful administration of anxiolytic drugs.
Whenever possible, such patients should be managed by intensivists in an in-
tensive care center. Limit victim’s physical activity for at least 4 weeks. Severe
physical weakness usually indicates persistent pulmonary injury. Serial pulmo-
nary function testing may be useful in assessing recovery.



5. Shock. Combat shock by placing victim in the Trendelenburg position and
administering plasma, whole blood, and/or electrolyte and glucose solutions
intravenously, with great care, to avoid pulmonary edema. Central venous pres-
sure should be monitored continuously. Vasopressor amines must be given with
great caution, because of the irritability of the myocardium.



6. Control convulsions. Seizures are most likely to occur in poisonings by
methyl bromide, hydrogen cyanide, acrylonitrile, phosphine, and carbon disul-
fide. See Chapter 2 for seizure management. In some cases of methyl bromide,
seizures have been refractory to benzodiazepines and diphenylhydantoin, and
the authors resorted to anesthesia using thiopental.11



7. Gastrointestinal decontamination. If a fumigant liquid or solid has been
ingested less than an hour prior to treatment, consider gastric emptying, fol-
lowed by activated charcoal, as suggested in Chapter 2.



8. Fluid balance should be monitored, and urine sediment should be checked
regularly for indications of tubular injury. Measure serum alkaline phosphatase,
LDH, ALT, AST, and bilirubin to assess liver injury.
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9. Extracorporeal hemodialysis may be needed to regulate extracellular
fluid composition if renal failure supervenes. It is probably not very effective in
removing lipophilic fumigant compounds from blood, but it is, of course, effec-
tive in controlling extracellular fluid composition if renal failure occurs.



10. Specific fumigants. Certain specific measures are recommended in poi-
sonings by particular fumigants (carbon disulfide, carbon tetrachloride, naph-
thalene, phosphine gas, and hydrogen cyanide and acrylonitrile):



• Carbon Disulfide: Mild poisonings by carbon disulfide inhalation
may be managed best by no more than careful observation, even
though sensory hallucinations, delirium, and behavioral aberrations
can be alarming. Severe poisonings may require specific measures. If
manic behavior threatens the safety of the victim, diazepam (5-10
mg in adults, 0.2-0.4 mg/kg in children), administered slowly, intra-
venously, may be helpful as a tranquilizer. Give as much as is neces-
sary to achieve sedation. Do not give catecholamine-releasing agents
such as reserpine and amphetamines.



• Carbon Tetrachloride: For carbon tetrachloride poisoning, sev-
eral treatment measures have been suggested to limit the severity of
hepatic necrosis. Hyperbaric oxygen has been used with some suc-
cess.2 Oral administration of N-acetyl cysteine (MucomystR) may
be worthwhile as a means of reducing free radical injury.21 Dilute
the proprietary 20% product 1:4 in a carbonated beverage, and give
about 140 mg/kg body weight of the diluted solution as a loading
dose. Then give 70 mg/kg every 4 hours after the loading dose for a
total of 17 doses. (This dosage schedule is used for acetaminophen
poisonings.) Administration via duodenal tube may be necessary in
a few patients who cannot tolerate Mucomyst.22 Intravenous ad-
ministration of N-acetyl cysteine may be used; more information is
available through poison control centers.



• Naphthalene: Naphthalene toxicosis caused by vapor inhalation
can usually be managed simply by removing the individual to fresh
air. Skin contamination should be removed promptly by washing
with soap and water. Eye contamination should be removed by flush-
ing with copious amounts of clean water. Eye irritation may be
severe, and if it persists, should receive ophthalmalogic attention.



Examine the plasma for evidence of hemolysis: a reddish-brown
tinge, especially in the blood smear for “ghosts” and Heinz bodies. If
present, monitor red blood cell count and hematocrit for anemia,
urine for protein and cells. Measure direct-and indirect-reacting bi-
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lirubin in the plasma. Monitor fluid balance and blood electrolytes.
If possible, monitor urinary excretion of naphthol to assess severity
of poisoning and clinical progress.



If hemolysis is clinically significant, administer intravenous fluids
to accelerate urinary excretion of the naphthol metabolite and pro-
tect the kidney from products of hemolysis. Use Ringer’s lactate or
sodium bicarbonate to keep urine pH above 7.5. Consider the use
of mannitol or furosemide to promote diuresis. If urine flow de-
clines, intravenous infusions must be stopped to prevent fluid over-
load and hemodialysis should be considered.15 If anemia is severe,
blood transfusions may be needed.



• Phosphine Gas: Recent experience in India suggests that therapy
with magnesium sulfate may decrease the likelihood of a fatal out-
come.16,19,23 The mechanism is unclear, but may possibly be due to
the membrane stabilization properties of magnesium in protecting
the heart from fatal arrythmias. In one series of 90 patients, magne-
sium sulfate was found to decrease the mortality from 90% to 52%.16



Two controlled studies have been done, one of which showed a
reduction in mortality from 52% to 22%.23 The other study found
no effect on mortality.24 The dosage for magnesium sulfate is: 3
grams during the first 3 hours as a continous infusion, followed by 6
grams per 24 hours for the next 3 to 5 days.16



• Hydrogen Cyanide and Acrylonitrile: Poisonings by hydrogen
cyanide and acrylonitrile gases or liquids are treated essentially the
same as poisoning by cyanide salts. Because cyanide is so promptly
absorbed following ingestion, treatment should commence with
prompt administration of oxygen and antidotes. Gastrointestinal
decontamination should be considered if the patient presents within
a short interval after ingestion, and only after the above life-saving
treatment has commenced. Ipecac should be avoided due to the
potential for rapid onset of loss of consciousness.



The three antidotes — amyl nitrite, sodium nitrite, and sodium thio-
sulfate — are available as a kit called the Lilly Cyanide Antidote Kit,
available from Eli Lilly and Company, Indianapolis, IN. The dosages
vary between adults and children and are outlined below.
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Dosage of Cyanide Antidotes



Adults:



• Administer oxygen continuously. Hyperbaric oxygen has been evalu-
ated as effective in this condition.25 If respiration fails, maintain pul-
monary ventilation mechanically.



• Administer amyl nitrite ampules by inhalation for 15-30 seconds
of every minute, while a fresh solution of 3% sodium nitrite is being
prepared. This solution is ready prepared in commercial cyanide
antidote kits.



• As soon as solution is available, inject intravenously 10 mL of 3%
sodium nitrite solution over a 5-minute interval, keeping the needle
in place.



Caution: Monitor pulse and blood pressure during administration of amyl
nitrite and sodium nitrite. If systolic blood pressure falls below 80 mm Hg,
slow or stop nitrite administration until blood pressure recovers.



• Follow sodium nitrite injection with an infusion of 50 mL of 25%
aqueous solution of sodium thiosulfate administered over a 10-
minute period. Initial adult dose should not exceed 12.5 g.



• If symptoms persist or recur, treatment by sodium nitrite and so-
dium thiosulfate should be repeated at half the dosages listed above.



• Measure hemoglobin and methemoglobin in blood. If more than
50% of total hemoglobin has been converted to methemoglobin,
blood transfusion or exchange transfusion should be considered, be-
cause conversion back to normal hemoglobin proceeds slowly.



Children:



• Give amyl nitrite, oxygen, and mechanical respiratory support as
recommended for adults. The following dosages of antidotes have
been recommended for children.26



• Children over 25 kg body weight should receive adult dosages of
sodium nitrite and sodium thiosulfate.



• Children less than 25 kg body weight should first have two 3-4 mL
samples of blood drawn and then, through the same needle, receive
0.15-0.33 mL/kg up to 10 mL of the 3% solution of sodium nitrite
injected over a 5-minute interval. Following sodium nitrite, admin-
ister an infusion of 1.65 mL/kg of 25% sodium thiosulfate at a rate
of 3-5 mL per minute.



... continued
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• At this point, determine the hemoglobin content of the pretreat-
ment blood sample. If symptoms and signs of poisoning persist or
return, give supplemental infusions of sodium nitrite and sodium
thiosulfate based on hemoglobin level, as presented in the table. These
recommended quantities are calculated to avoid life-threatening
methemoglobinemia in anemic children. They are aimed at con-
verting approximately 40% of circulating hemoglobin to methemo-
globin. If possible, monitor blood methemoglobin concentrations as
treatment proceeds.



RECOMMENDED DOSAGES OF SUPPLEMENTAL SODIUM
NITRITE AND SODIUM THIOSULFATE BASED ON
HEMOGLOBIN LEVEL



Initial Dose



Hemoglobin Volume of 3% 25% Sodium
Concentration Sodium Nitrite Thiosulfate
g/100 mL mL/kg mL/kg



14.0 0.20 1.00



12.0 0.16 0.83



10.0 0.14 0.68



8.0 0.11 0.55



Although various cobalt salts, chelates, and organic combinations have shown
some promise as antidotes to cyanide, they are not generally available in the
United States. None has been shown to surpass the nitrite-thiosulfate regimen
in effectiveness.
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CHAPTER 17



Rodenticides



A wide variety of materials are used as rodenticides. They pose particular risks for
accidental poisonings for several reasons. First, as agents specifically designed to
kill mammals, often their toxicity is very similar for the target rodents and for
humans. (Warfarin and other anticoagulant rodenticides were initially developed
to overcome this problem by creating compounds that were highly toxic to ro-
dents, particularly after repeated exposures, but much less toxic to humans.) Sec-
ond, since rodents usually share environments with humans and other mammals,
the risk of accidental exposure is an integral part of the placement of baits for the
rodents. Finally, as rodents have developed resistance to existing rodenticides, there
is a continuous need to develop new and potentially more toxic rodenticides. As
rodents have become resistant to warfarin baits, for example, the development of
“superwarfarins” has increased the risk to humans.1,2 It is important to be familiar
with use patterns and development of more toxic compounds and to make every
effort to identify the actual agent used in order to institute the most appropriate
management for these poisonings.



COUMARINS AND INDANDIONES



Toxicology



Warfarin and related compounds (coumarins and indandiones) are the most
commonly ingested rodenticides in the United States, with 13,345 exposures
reported in 1996.3 Gastrointestinal absorption of these toxicants is efficient.
Warfarin can be absorbed across the skin, but this has occurred only under
extraordinary circumstances.



Coumarins and indandiones depress the hepatic synthesis of vitamin K
dependent blood-clotting factors (II (prothrombin), VII, IX, and X). The anti-
prothrombin effect is best known, and is the basis for detection and assessment
of clinical poisoning. The agents also increase permeability of capillaries through-
out the body, predisposing the animal to widespread internal hemorrhage. This
generally occurs in the rodent after several days of warfarin ingestion due to the
long half-lives of the vitamin K dependent clotting factors,1,2 although lethal
hemorrhage may follow smaller doses of the modern, more toxic compounds.1



The lengthened prothrombin time (PT) from a toxic dose of coumarins or
indandiones may be evident within 24 hours, but usually reaches a maximum



HIGHLIGHTS



• Newer “superwarfarins”
are widely available and
toxic at much lower doses
than conventional warfarin



Signs and Symptoms:



• Variable depending on
agent



• Warfarin compounds cause
bleeding



• Pulmonary edema results
from phosphine gas (from
zinc phosphide)



• Cardiovascular, GI, and CNS
effects predominate with
thallium



• Seizures are primary
manifestation of strychnine
and fluoroacetamide



Treatment:



• Specific to agent



• Vitamin K1 (phytonadione)
for warfarin-related
compounds



• Control seizures



• Proceed with
decontamination
concurrently with life-saving
measures



Contraindicated:



• Neither Vitamins K3 nor K4



may be used as a substitute
for Vitamin K1



• Chelating agents are not
effective in thallium
poisoning
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in 36-72 hours.1,4,5 Lengthened PT occurs in response to doses much lower
than that necessary to cause hemorrhage. There is concern that the more toxic
modern compounds, such as brodifacoum and difenacoum, may cause serious
poisoning of nontarget mammals, including humans, at much lower dosage.
Brodifacoum, one of the superwarfarins, is much more toxic, with a dose as low
as 1 mg in an adult or 0.014 mg/kg in a child sufficient to produce toxicity.1



Symptomatic poisoning, with prolonged symptoms due to the long half-
lives of superwarfarins, has been reported even with single exposures; however,
these are usually intentional and are large single dosages.2 Because of their
toxicity in relation to warfarin, patients may require higher dosages of vitamin
K and will require longer monitoring of their PT. One patient required vita-
min K for several months following discharge.6 Another patient was released
from the hospital with significant clinical improvement and only slightly el-
evated coagulation studies after brodifacoum ingestion. Two and a half weeks
later, he presented in a comatose state and was found to have massive intracra-
nial hemorrhage.7



Clinical effects of these agents usually begin several days after ingestion, due
to the long half-life of the factors. Primary manifestations include nosebleeds,
bleeding gums, hematuria, melena, and extensive ecchymoses.1,2,6,7,8 Patients may
also have symptoms of anemia, including fatigue and dyspnea on exertion.8 If the
poisoning is severe, the patient may progress to shock and death.



Unlike the coumarin compounds, some indandiones cause symptoms and
signs of neurologic and cardiopulmonary injury in laboratory rats leading to
death before hemorrhage occurs. These actions may account for the greater
toxicity of indandiones in rodents. Neither neurologic nor cardiopulmonary
manifestations have been reported in human poisonings.



Confirmation of Poisoning



Coumarin or indandione poisoning results in an increase in prothrombin
time, the result of reduced plasma prothrombin concentration. This is a reliable
test for absorption of physiologically significant doses. Detectable reduction in
prothrombin occurs within 24-48 hours of ingestion and persists for 1-3 weeks.1,4,5



The manufacturers can often measure blood levels of the more toxic coumarins.8



Treatment



1. Determine quantity ingested. If it is certain that the patient ingested no
more than a mouthful or two of warfarin- or indandione-treated bait, or a
single swallow or less of bait treated with the more toxic brodifacoum or
bromadiolone compounds, medical treatment is probably unnecessary.



Commercial Products



COUMARINS



brodifacoum
Havoc
Klerat
Ratak Plus
Talon
Volid



bromadiolone
Bromone,
Contrac
Maki



coumachlor
Famarin



coumatetralyl
Racumin



difenacoum
Frunax-DS
Ratak



warfarin
Co-Rax
coumafene
Cov-R-Tox
Kypfarin
Liqua-Tox
RAX
Tox-Hid
zoocoumarin



INDANDIONES



chlorophacinone
Caid
Liphadione
Microzul
Ramucide
Ratomet
Raviac
Rozol
Topitox



diphacinone
diphacin
Ditrac
Ramik
Tomcat



pivalyn*
pindone
pival
pivaldione



*Discontinued in the U.S.
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2. Vitamin K
1
. A patient presenting within 24 hours after ingestion will likely



have a normal PT. However, in a study of 110 children who were poisoned by
superwarfarins, primarily brodifacoum, a child’s PT was significantly more likely
to be prolonged at 48 hours after having a normal PT at 24 hours.5 Therefore, for
suicidal ingestions with large amounts taken, if there is uncertainty about the
amount of bait ingested or the general health of the patient, phytonadione (vita-
min Kl) given orally protects against the anticoagulant effect of these rodenti-
cides, with essentially no risk to the patient. In accidental ingestions with healthy
children involving only a taste or single swallow, no medical treatment is re-
quired, but children should be observed for bleeding and bruising. If a larger
amount may have been ingested, PT should be monitored at 24 and 48 hours,
with phytonadione therapy initiated for elevated PT or clinical signs of bleeding.



Caution: Phytonadione, specifically, is required. Neither vitamin K3 (me-
nadione, HykinoneR) nor vitamin K4 (menadiol) is an antidote for these anti-
coagulants.



Dosage of Phytonadione (oral):



• Adults and children over 12 years: 15-25 mg.



• Children under 12 years: 5-10 mg.



Alternatively, a colloidal preparation of phytonadione,  AquamephytonR,
may be given intramuscularly. For adults and children over 12 years,
give 5-10 mg; for children under 12, give 1-5 mg.



Ensure that patients (especially children) are carefully observed for
at least 4-5 days after ingestion. The indandiones and some of the more
recently introduced coumarins may have other toxic effects.



3. Gastrointestinal decontamination. If  large amounts of anticoagulant
have been ingested within several hours prior to treatment, consider gastric
decontamination procedures as outlined Chapter 2.



4. Determine prothrombin time. If anticoagulant has been ingested any
time in the preceding 15 days, determination of the PT provides a basis for
judging the severity of poisoning. Patients who ingest large amounts, particu-
larly of the superwarfarin compounds, will likely have a very prolonged period
of decreased prothrombin activity. Patients may need to be treated for as long as
3 or 4 months.6,7



If the prothrombin time is significantly lengthened, give AquamephytonR



intramuscularly. See next page for dosage.
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Dosage of AquamephytonR (intramuscular):



• Adults and children over 12 years: 5-10 mg.



• Children under 12 years: 1-5 mg.



Decide dose within these ranges according to the degree of prothrom-
bin time lengthening and, in children, the age and weight of the child.
Substantially higher doses of phytonadione (50 to 125 mg) have been
required in some poisonings with brodifacoum when bleeding and PT
elevation persisted despite therapy.6,7,9



Repeat prothrombin time in 24 hours. If it has not decreased from
the original value, repeat AquamephytonR dosage.



5. Bleeding. If victim is bleeding as a result of anticoagulant poisoning, ad-
minister AquamephytonR intravenously: up to 10 mg in adults and children
over 12 years, and up to 5 mg in children under 12 years. Initial dosage should
be decided chiefly on the basis of the severity of bleeding. Subsequent dosages
may need to be adjusted based on response, especially in the case of the
superwarfarins.6,7,9 Repeat intravenous AquamephytonR in 24 hours if bleeding
continues. Inject at rates not exceeding 5% of the total dose per minute. Intra-
venous infusion of the AquamephytonR diluted in saline or glucose solution is
recommended. Bleeding is usually controlled in 3-6 hours.



Caution: Adverse reactions, some fatal, have occurred from intravenous
phytonadione injections, even when recommended dosage limits and injection
rates were observed. For this reason, the intravenous route should be used only
in cases of severe poisoning. Flushing, dizziness, hypotension, dyspnea, and cy-
anosis have characterized adverse reactions.



Antidotal therapy in cases of severe bleeding should be supplemented with
transfusion of fresh blood or plasma. Use of fresh blood or plasma represents the
most rapidly effective method of stopping hemorrhage due to these anticoagu-
lants, but the effect may not endure. Therefore, the transfusions should be given
along with phytonadione therapy.



Determine PT and hemoglobin concentrations every 6-12 hours to assess
effectiveness of antihemorrhagic measures. When normal blood coagulation is
restored, it may be advisable to drain large hematomata.



Ferrous sulfate therapy may be appropriate in the recuperative period to
rebuild lost erythrocyte mass.
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INORGANIC RODENTICIDES



Toxicology



Thallium sulfate is well absorbed from the gut and across the skin. It
exhibits a very large volume of distribution (tissue uptake) and is distributed
chiefly to the kidney and liver, both of which participate in thallium excretion.
Most blood-borne thallium is in the red cells. Elimination half-life from blood
in the adult human is about 1.9 days. Most authors report the LD50 in humans
to be between 10 and 15 mg/kg.10



Unlike other inorganic rodenticides like yellow phosphorus and zinc phos-
phide, thallium poisoning tends to have a more insidious onset with a wide
variety of toxic manifestations. Alopecia is a fairly consistent feature of thallium
poisoning that is often helpful diagnostically; however, it occurs two weeks or
more after poisoning and is not helpful early in the presentation.10,11 In addi-
tion to hair loss, the gastrointestinal system, central nervous system, cardiovas-
cular system, renal system, and skin are prominently affected by toxic intakes.



Early symptoms include abdominal pain, nausea, vomiting, bloody diar-
rhea, stomatitis, and salivation. Ileus may appear later on. Elevated liver enzymes
may occur, indicating tissue damage. Other patients experience signs of central
nervous system toxicity including headache, lethargy, muscle weakness,
paresthesias, tremor, ptosis, and ataxia. These usually occur several days to more
than a week after exposure.10,12 Extremely painful paraesthesias, either in the
presence or absence of gastrointestinal signs, may be the primary presenting
complaint.11,13 Myoclonic movements, convulsions, delirium, and coma reflect
more severe neurologic involvement. Fever is a bad prognostic indication of
brain damage.



Cardiovascular effects include early hypotension, due at least in part to a
toxic myocardiopathy. Ventricular arrythmias may occur. Hypertension occurs
later and is probably a result of vasoconstriction. The urine may show protein
and red cells. Patients may also develop alveolar edema and hyaline membrane
formation in the lungs, consistent with a diagnosis of Acute Respiratory Dis-
tress Syndrome.14 Death from thallium poisoning may be caused by respiratory
paralysis or cardiovascular collapse. Absorption of nonlethal doses of thallium
has caused protracted painful neuropathies and paresis, optic nerve atrophy,
persistent ataxia, dementia, seizures, and coma.11



Yellow phosphorus (also known as white phosphorus) is a corrosive agent
and damages all tissues it comes in contact with, including skin and the gut
lining. Initial symptoms usually reflect mucosal injury and occur a few minutes
to 24 hours following ingestion. The first symptoms include severe vomiting
and burning pain in the throat, chest, and abdomen. The emesis may be bloody
(either red, brown, or black)15 and on occasion may have a garlic smell.16,17 In
some cases, central nervous system signs such as lethargy, restlessness, and irrita-



Commercial Products



INORGANICS
thallium sulfate
yellow phosphorus
zinc phosphide



Phosvin
Ridall-Zinc
Zinc-Tox



Yellow phosphorus is not sold
in the United States. Zinc
phosphide is still registered in
the United States, and can be
found in U.S. retail stores.
Thallium sulfate is no longer
registered for pesticidal use,
but is used by government
agencies only.
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bility are the earliest symptoms, followed by symptoms of gastrointestinal in-
jury. Shock and cardiopulmonary arrest leading to death may occur early in
severe ingestions.17



If the patient survives, a relatively symptom-free period of a few hours or
days may occur, although this is not always the case.15 The third stage of toxicity
then ensues with systemic signs indicating severe injury to the liver, myocar-
dium, and brain. This is due to phosphine gas (PH3) formed in and absorbed
from the gut. Nausea and vomiting recur. Hemorrhage occurs at various sites
reflecting a depression of clotting factor synthesis in the damaged liver. Also,
thrombocytopenia may contribute. Hepatomegaly and jaundice appear. Hypo-
volemic shock and toxic myocarditis may develop. Brain injury is manifested by
convulsions, delirium, and coma. Anuric renal failure commonly develops due
to shock and to the toxic effects of phosphorus products and accumulating
bilirubin on renal tubules. The mortality rate of phosphorus poisonings may be
as high as 50 percent.15



Zinc phosphide is much less corrosive to skin and mucous membranes
than yellow phosphorus, but inhalation of dust may induce pulmonary edema.
The emetic effect of zinc released in the gut may provide a measure of protection;
however, phosphine will be produced in the gut and absorbed along with the
zinc. Nausea and vomiting, excitement, chills, chest tightness, dyspnea, and cough
may progress to pulmonary edema. Patients face many of the same systemic tox-
icities as encountered with yellow phosphorus, including hepatic failure with
jaundice and hemorrhage, delirium, convulsions, and coma (from toxic encepha-
lopathy), tetany from hypocalcemia, and anuria from renal tubular damage. Ven-
tricular arrythmias from cardiomyopathy and shock also occur and are another
common cause of death.16,18 Inhalation of phosphine gas from improper use of
phosphide rodenticides has resulted in pulmonary edema, myocardial injury, and
multisystem involvement.19 For more information about the effects of phosphine
gas poisoning, see the section on phosphine in Chapter 16, Fumigants.



Confirmation of Poisoning



Phosphorus and phosphides sometimes impart a foul rotten fish odor
to vomitus, feces, and sometimes the breath. Luminescence of vomitus or feces
is an occasional feature of phosphorus ingestion. Hyperphosphatemia and hy-
pocalcemia occur in some cases, but are not consistent findings.



Thallium can be measured in the serum, urine, and hair. Hair analysis is
likely to be useful only in establishing protracted prior absorption. Serum con-
centration does not exceed 30 mcg per liter in non-exposed persons. The most
reliable method for diagnosis is considered a 24-hour urine excretion. The
normal value is less than 10 mcg/liter per 24 hours.10,13
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Treatment: Thallium Sulfate



1. Gastrointestinal decontamination. If thallium sulfate was swallowed less
than an hour prior to treatment, consider gastrointestinal decontamination as
outlined in Chapter 2. Multiple doses of activated charcoal may be helpful in
increasing thallium elimination.13



2. Electrolyte and glucose solutions should be given by intravenous infu-
sion to support urinary excretion of thallium by diuresis. Monitor fluid balance
carefully to insure that fluid overload does not occur. If shock develops, give
whole blood, plasma, or plasma expanders. Pressor amines must be used very
carefully in light of myocardial injury. Monitor ECG for arrhythmias.



3. Convulsions. Control seizures and myoclonic jerking as outlined in Chap-
ter 2.



4. Combined hemodialysis and hemoperfusion has proven moderately
effective in reducing the body burden of thallium in victims of severe poison-
ing. In one case, peritoneal dialysis was not effective.



5. Chelation therapy. Several methods for chelating and/or accelerating dis-
position of thallium have been tested and found either relatively ineffective or
hazardous. Chelating agents are not recommended in thallium poisoning. Po-
tassium chloride has been recommended. However it has been reported to
increase toxicity to the brain,11,14 and has not shown to increase elimination in
some cases.20



6. Potassium ferric ferrocyanide (Prussian Blue) orally enhances fecal
excretion of thallium by exchange of potassium for thallium in the gut. It is not
available or approved for use in humans in the United States. Reports of its use
in humans are anecdotal and do not strongly support its use.



Treatment: Yellow Phosphorus and Zinc Phosphide



1. Skin decontamination. Brush or scrape non-adherent phosphorus from
the skin. Wash skin burns with copious amounts of water. Make sure all par-
ticles of phosphorus have been removed. If burned area is infected, cover with
an antimicrobial creme. See Chapter 2.



2. Supportive management. Poisonings by ingested yellow phosphorus or
zinc phosphide are extremely difficult to manage. Treatment is basically sup-
portive and symptomatic. Control of airway and convulsions must be estab-
lished prior to considering gastrointestinal decontamination as described in
Chapter 2.
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Caution: Highly toxic phosphine gas may evolve from emesis, lavage fluid,
and feces of victims of these poisons. The patient’s room should be well venti-
lated. Persons attending the patient must wear gloves to avoid contact with the
phosphorus.



3. Lavage with 1:5000 potassium permanganate solution has been used in the
management of ingested phosphorus compounds in the past; however, there is
not sufficient evidence for its efficacy and we do not recommend it.



4. Catharsis is probably not indicated, but there may be some benefit in ad-
ministering mineral oil. Dosage is 100 mL for adults and children over 12 years,
and 1.5 mL/kg body weight in children under 12 years. Do not give vegetable
oils or fats.



5. Transfusions. Combat shock and acidosis with transfusions of whole blood
and appropriate intravenous fluids. Monitor fluid balance and central venous
pressure to avoid fluid overload. Monitor blood electrolytes, glucose, and pH to
guide choice of intravenous solutions. Administer 100% oxygen by mask or
nasal tube.



6. Oxygen. Combat pulmonary edema with intermittent or continuous posi-
tive pressure oxygen.



7. Renal protection. Monitor urine albumin, glucose, and sediment to detect
early renal injury. Extracorporeal hemodialysis will be required if acute renal
failure occurs, but it does not enhance excretion of phosphorus. Monitor ECG
to detect myocardial impairment.



8. Liver damage. Monitor serum alkaline phosphatase, LDH, ALT, AST, pro-
thrombin time, and bilirubin to evaluate liver damage. Administer
AquamephytonR (vitamin K1) if prothrombin level declines.



9. Pain management. Morphine sulphate may be necessary to control pain.
Adult dose: 2-15 mg IM/IV/SC Q 2-6 hours prn. Child’s dose: 0.1-0.2 mg/
kg/dose Q 2-4 hours.



10. Phosphine gas. For specific therapy due to phosphine gas, refer to the
treatment of phosphine poisoning in Chapter 16, Fumigants.
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CONVULSANTS



Toxicology



Crimidine is a synthetic chlorinated pyrimidine compound that, in adequate
dosage, causes violent convulsions similar to those produced by strychnine.



Sodium fluoroacetate and fluoroacetamide are readily absorbed by
the gut, but only to a limited extent across skin. The toxic mechanism is distinct
from that of fluoride salts. Three molecules of fluoroacetate or fluoroacetamide
are combined in the liver to form a molecule of fluorocitrate, which poisons
critical enzymes of the tricarboxylic acid (Krebs) cycle, blocking cellular
respiration. The heart, brain, and kidneys are the organs most prominently a
ffected. The effect on the heart is to cause arrhythmias, progressing to ventri-
cular fibrillation, which is a common cause of death. Metabolic acidosis, shock,
electrolyte imbalance, and respiratory distress are all poor prognostic signs.
Neurotoxicity is expressed as violent tonic-clonic convulsions, spasms, and
rigor, sometimes not occurring for hours after ingestion.21



Strychnine is a natural toxin (nux vomica) which causes violent convul-
sions by direct excitatory action on the cells of the central nervous system,
chiefly the spinal cord. Death is caused by convulsive interference with pulmo-
nary function, by depression of respiratory center activity, or both. Strychnine
is detoxified in the liver. Residence half-life is about 10 hours in humans. On-
set of symptoms is usually within 15-20 minutes of ingestion. Lethal dose in
adults is reported to be between 50 and 100 mg, although as little as 15 mg can
kill a child.22



Confirmation of Poisoning



There are no generally available tests to confirm poisoning by the convul-
sant rodenticides.



Treatment: Sodium Fluoroacetate and Fluoroacetamide



Poisonings by these compounds have occurred almost entirely as a result of
accidental and suicidal ingestions. If the poison was ingested shortly before
treatment and convulsions have not yet occurred, the first step in treatment is
to remove the toxicant from the gut. If the victim is already convulsing, how-
ever, it is necessary first to control the seizures before gastric lavage and cathar-
sis are undertaken.



1. Control seizures as outlined in Chapter 2. Seizure activity from these
compounds may be so severe that doses necessary for seizure control may para-
lyze respiration. For this reason, it is best to intubate the trachea as early as



Commercial Products
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Compound 1081
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Compound 1080



strychnine



* Discontinued in the U.S.
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possible in the course of seizure control, and support pulmonary ventilation
mechanically. This has the added advantage of protecting the airway from aspi-
ration of regurgitated gastric contents.



2. Gastrointestinal decontamination. If the patient is seen within an hour
of exposure and is not convulsing, consider gastrointestinal decontamination as
outlined in Chapter 2.



3. Administer intravenous fluids cautiously to support excretion of ab-
sorbed toxicant. It is especially important to avoid fluid overload in the pres-
ence of a weak and irritable myocardium.



4. Monitor electocardiogram for arrhythmias and, if detected, treat with an
appropriate antiarrhythmic drug. Facilities for electroshock cardioversion should
be at hand. Some victims of fluoroacetate poisoning have been rescued after
repeated cardioversions.



5. Calcium gluconate (10% solution) given slowly intravenously should be
given to relieve hypocalcemia. Care must be taken to avoid extravasation.



Dosage of Calcium Gluconate:
Supplied as 100 mg/mL (10% solution)



• Adults and children over 12 years: 10 mL of 10% solution, given slowly,
intravenously. Repeat as necessary.



• Children under 12 years: 200-500 mg/kg/24 hr divided Q6 hr. For
cardiac arrest, 100 mg/kg/dose. Repeat dosage as needed.



6. Other therapies. Antidotal efficacy of glycerol monacetate and ethanol,
observed in animals, has not been substantiated in humans. These therapies are
not recommended in humans.



Treatment: Strychnine or Crimidine



Strychnine and crimidine cause violent convulsions shortly following in-
gestion of toxic doses. Both poisons are probably well adsorbed onto charcoal.
If the patient is seen fully conscious and not convulsing a few moments after
the ingestion, great benefit may derive from the immediate ingestion of acti-
vated charcoal. If the patient is already obtunded or convulsing, the involuntary
motor activity must be controlled before steps are taken to empty the gut and
limit toxicant absorption.
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1. Control seizures as outlined in Chapter 2.



2. Gastrointestinal decontamination. Consider gastrointestinal decontami-
nation if patient is seen within an hour of ingestion.



3. Administer intravenous fluids to support excretion of absorbed toxi-
cants. Inclusion of sodium bicarbonate in the infusion fluid counteracts meta-
bolic acidosis generated by convulsions. Effectiveness of hemodialysis and
hemoperfusion has not been tested.



MISCELLANEOUS RODENTICIDES:
RED SQUILL AND CHOLECALCIFEROL



Toxicology



Red squill is a little-used rodenticide, consisting of the inner portions of a
small cabbage plant grown in eastern Mediterranean countries. Its toxic prop-
erties have been known since ancient times and are probably due to cardiac
glycosides. For several reasons, mammals other than rodents are unlikely to be
poisoned: (1) red squill is intensely nauseant, so that animals which vomit (ro-
dents do not) are unlikely to retain the poison; (2) the glycoside is not effi-
ciently absorbed from the gut; and (3) absorbed glycoside is rapidly excreted.
Injection of the glycosides leads to effects typical of digitalis: alterations in
cardiac impulse conduction and arrhythmias.



Cholecalciferol is the activated form of vitamin D (vitamin D3). Its toxic
effect is probably a combination of actions on liver, kidney, and possibly the
myocardium, the last two toxicities being the result of hypercalcemia. Early symp-
toms and signs of vitamin D-induced hypercalcemia in humans are fatigue, weak-
ness, headache, and nausea. Polyuria, polydipsia, proteinuria, and azotemia result
from acute renal tubular injury by hypercalcemia. This is commonly the cause of
death. Prolonged hypercalcemia results ultimately in nephrolithiasis and nephro-
calcinosis. Azotemia occurs as renal tubular damage progresses.



Confirmation of Poisoning



Cholecalciferol intoxication is indicated by an elevated concentration of
calcium (chiefly the unbound fraction) in the serum. There are no generally
available tests for the other rodenticides or their biotransformation products.



Commercial Products
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* Discontinued in the U.S.
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Treatment: Red Squill



Red squill is unlikely to cause poisoning unless ingested at substantial dos-
age. The problem is usually self-correcting due to its intense emetic effect. If,
for some reason, the squill is retained, syrup of ipecac, followed by 1-2 glasses of
water, should be administered to initiate vomiting. Monitor cardiac status elec-
trocardiographically.



Treatment: Cholecalciferol



Cholecalciferol at high dosage may cause severe poisoning and death.
Human poisonings from its use as a rodenticide have not been reported, but
vitamin D overdosage has occurred under clinical circumstances. Treatment is
directed at limiting gastrointestinal absorption, accelerating excretion, and
counteracting the hypercalcemic effect.



1. Gastrointestinal decontamination. If cholecalciferol has been ingested
within an hour prior to treatment, consider gastric decontamination, as out-
lined in Chapter 2. Repeated administration of charcoal at half or more the
initial dosage every 2-4 hours may be beneficial.



2. Administer intravenous fluids (normal saline or 5% glucose) at moderate
rates to support excretory mechanisms and excretion. Monitor fluid balance to
avoid overload, and measure serum electrolytes periodically. Measure total and
ionized calcium levels in the blood 24 hours after cholecalciferol ingestion to
determine severity of toxic effect. Monitor urine for protein, and red and white
cells to assess renal injury.



3. Furosemide (Lasix), 20-40 mg intravenously, or 40-120 mg daily by mouth
may be given to promote diuresis. Dosage for children under 12 is approximately
0.5-1.0 mg/kg body weight intravenously, 1.0-2.0 mg/kg body weight orally.
Monitor serum potassium after dosage; give potassium chloride if hypokalemia
occurs. Consult package insert for additional directions and warnings.



4. Predinisone and similar glucocorticoids reduce elevated blood calcium
levels in certain diseases. Although they have not been tested in cholecalciferol
overdosage, it is possible that they would be beneficial. Dosage is approximately
1 mg per kilogram per day, to a maximum of 20 mg per day.



5. Calcitonin (salmon calcitonin, CalcimarR) is a logical antidote for cholecal-
ciferol actions, but has only very limited use in human poisoning.23 In other
conditions, the usual dosage is 4 International Units per kg body weight every
12 hours, by intramuscular or subcutaneous injection, continued for 2-5 days.
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The dose may be doubled if calcium-lowering effect is not sufficient. Calcium
gluconate for intravenous injection should be immediately available if indica-
tions of hypocalcemia (carpopedal spasm, cardiac arrhythmias) appear. Consult
package insert for additional directions and warnings.



6. Cholestryamine appears effective in the treatment of vitamin D toxicity in
animals.24 It has seen very limited use in humans.25,26
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CHAPTER 18



Miscellaneous Pesticides,
Solvents, and Adjuvants



There are a variety of pesticides that do not fall into the broad categories
described in other chapters in this manual. Many of them are widely used and
are therefore associated with a high probability of human exposure. Some have
significant toxicity as well as a likelihood of human exposure, and are of real
concern. Many of the solvents and adjuvants used in the formulation of pesti-
cides also present a high likelihood of human exposure. Such exposures can
result in significant toxic effects that in many cases exceed the toxicity of the
active pesticide ingredient(s). Furthermore, it is sometimes more difficult to
obtain information about the solvents and adjuvants, complicating the issues of
diagnosis and management.



4-AMINOPYRIDINE



Toxicology



4-Aminopyridine is a highly toxic white powder used as a bird repellent. It
works by making one or two birds acutely ill, thus warning off the remaining
birds by cries of distress. It is toxic to all vertebrates.1 It is usually added to grain
baits in 0.5%-3.0% concentration, but 25% and 50% concentrates in powdered
sugar are available. Recent human exposure has come from its use as an inves-
tigational drug in the treatment of multiple sclerosis.2,3 It is rapidly absorbed by
the gut, less effectively across skin. The chief mechanism of toxicity is enhance-
ment of cholinergic transmission in the nervous system through the release of
acetylcholine both centrally and peripherally. Due to enhanced transmission at
neuromuscular junctions, severe muscle spasms may be a prominent manifesta-
tion of toxicity.2 4-Aminopyridine is rapidly metabolized and excreted.



No human poisonings have occurred as a result of ordinary use, but the
effects of ingestion of about 60 mg each by two adults have been reported.
Both experienced immediate abdominal discomfort, nausea and vomiting,
weakness, dizziness, and profuse diaphoresis, and one went on to develop a
tonic-clonic seizure and required ventilatory support. Acidosis was present in
both cases.1 Dizziness, giddiness, and gait disturbances are common, and sei-
zures may be severe, although recovery with supportive therapy and ventilatory
support has been the usual outcome.1,2,3



HIGHLIGHTS



• Physicians may need to
actively seek information
from producers regarding
exact makeup of “inert
ingredients”



Signs and Symptoms:



• Highly variable based on
agent



• Many are irritants and
corrosives



• Creosote (phenolic
compounds) give a smoky
color to urine



• Methemoglobinemia may
occur with sodium
chlorate and creosote
poisoning



• Sodium chlorate also
causes renal injury,
arrhythmia, shock, and
DIC



• Pneumonitis occurs with
hydrocarbon aspiration



Treatment:



• Skin, eye, and GI
decontamination



• Supportive care and
seizure control



• Methylene blue for
methemoglobinemia
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Treatment



1. Skin decontamination. If skin or eye contamination has occurred, thor-
ough washing of the skin or eyes is indicated. See Chapter 2.



2. Gastrointestinal decontamination. If the patient is seen within an hour
of ingestion of a significant quantity of this compound, gastrointestinal decon-
tamination should be considered, as outlined in Chapter 2. If treatment is de-
layed, immediate oral administration of charcoal and sorbitol may represent
reasonable management.



3. Seizures may require anticonvulsant medication. See Chapter 2 for dosages.



4. Muscular spasms. Neuromuscular blockade with drugs such as d-
tubocuarine, metocurine and pancuronium bromide have been used sucessfully
to relieve the muscular spasms that occur with this agent. Such therapy must be
provided in an intensive care setting.1



5. Dehydration should be treated with intravenous fluids if oral fluids cannot
be retained.



CALCIUM CYANAMIDE



This synthetic compound is marketed as granules containing 44% calcium
cyanamide, yielding 19.5% nitrogen. It is incorporated into soil to serve as
fertilizer, fungicide, and herbicide. In contact with water, hydrogen cyanamide
is released. Acidic conditions accelerate this reaction. Hydrogen cyanamide is a
solid with considerable vapor pressure. It has toxic properties totally different
from those of cyanide, and it does not degrade to cyanide.



Toxicology



Calcium cyanamide is only moderately irritating to skin, but hydrogen
cyanamide is severely irritating and caustic to skin and the inhaled gas is strongly
irritating to mucous membranes.4 Dermal and mucosal lesions in the mouth,
tongue, and upper esophagus have occurred after exposure. No systemic symp-
toms from dermal exposure have been reported.5 Systemic poisonings have
followed inhalation of hydrogen cyanamide and ingestion of the salt. Manifes-
tations of poisoning include flushing, headache, vertigo, dyspnea, tachycardia,
and hypotension, sometimes progressing to shock.4 Because cyanamide is an
inhibitor of acetaldehyde dehydrogenase, ingestion of alcohol exaggerates the
symptoms. (A citrated form of cyanamide has been used in place of Antabuse in
alcohol aversion therapy.)
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Treatment



1. Skin decontamination. Skin contamination with either the calcium salt
or the free form should be removed by washing with soap and water. Flush eyes
with copious amounts of clean water. If skin or eye irritation persists, medical
attention should be obtained promptly. See Chapter 2.



2. Gastrointestinal decontamination. If large doses have been ingested within
an hour of exposure, gastrointestinal decontamination should be considered. If
dosage was small or treatment is delayed, oral administration of activated charcoal
and sorbitol probably represents reasonable management. See Chapter 2 for doses.



3. Hypotension or Antabuse-type reactions should be treated by placing
the patient in the Trendelenburg position, giving intravenous fluids, including
plasma or blood, if needed, and, if necessary, vasopressor drugs parenterally.



4. Atropine is not antidotal.



CREOSOTE



Creosote is obtained by distillation of the tar formed by heating wood or
coal in the absence of oxygen. It is purified by extraction into oils. Creosote
from wood consists mainly of guaiacol (methoxy phenol) and cresol (methyl
phenol). Coal-derived creosote contains, in addition, some phenol, pyridine,
and pyridinol. Creosote is extensively used as a wood preservative, usually by
high-pressure impregnation of lumber. It has also been used as an animal dip
and disinfectant. Much of human exposure is in the form of various phenol
compounds.



Creosote is irritating to skin, eyes, and mucous membranes. Workers in
contact with technical creosote or with treated timbers sometimes develop
skin irritation, vesicular or papular eruptions, dermal pigmentation, and
occasionally gangrene and skin cancer.6 Photosensitization has been reported.
Eye contamination has resulted in conjunctivitis and keratitis, sometimes resulting
in corneal scarring. The constituents of creosote are efficiently absorbed across
the skin, but systemic poisonings following dermal absorption have occurred
very rarely. Absorption of ingested creosote from the gut occurs promptly, and
there may be significant absorption of vapor by the lung. Conjugates of absorbed
phenolic constituents are excreted mainly in the urine. Acute toxic effects are
similar to those of lysol, but the corrosive nature of creosote is somewhat less
because of greater dilution of phenol in the creosote.7 Irritation of the
gastrointestinal tract, toxic encephalopathy, and renal tubular injury are the
principal effects. A chronic toxicosis from continuing gastrointestinal absorption
(creosote used medicinally) has been described, consisting of gastroenteritis
and visual disturbances.











186  •  MISCELLANEOUS



Manifestations of acute systemic poisoning are salivation, vomiting, dyspnea,
headache, dizziness, loss of pupillary reflexes, cyanosis, hypothermia, convulsions,
and coma. Death is due to multi-organ system failure as patients develop shock,
acidosis, respiratory depression, and anuric renal failure.



Confirmation of Poisoning



The presence of phenolic oxidation products imparts a dark, smoky color
to the urine.7 If there is suspicion of poisoning, addition of a few drops of ferric
chloride solution to the urine yields a violet or blue color, indicating the pres-
ence of phenolic compounds.



Treatment



1. Skin decontamination. Stringent measures should be taken to avoid con-
tamination of skin or eyes and inhalation of vapor. Skin contamination should
be promptly washed off with soap and water. Remove eye contamination by
washing with copious amounts of water, then obtain specialized medical atten-
tion promptly because corneal injury may be severe. See Chapter 2.



2. Gastrointestinal decontamination. If a significant amount of creosote has
been ingested and the patient is alert and able to swallow, immediately administer
a slurry of activated charcoal by mouth. Further efforts to limit absorption will
depend on whether there has been corrosive injury to the esophagus. If pharyn-
geal redness and swelling are evident, neither induced emesis nor gastric lavage is
advisable due to potential re-exposure of the esophagus to the creosote, or perfo-
ration of the esophagus from a gastric tube. For further information on gastric
decontamination, including charcoal dosing, see Chapter 2.



3. Maintain pulmonary ventilation mechanically with oxygen, if necessary.



4. Blood and urine samples. Draw a blood sample to test for methemoglo-
binemia, to measure BUN and blood electrolytes, and to check for signs of liver
injury (bilirubin, GGT, LDH, ALT, AST, and alkaline phosphatase). Examine
the urine for protein and cells, and for “smoky” phenolic excretion products.



5. Intravenous fluids. Give fluids intravenously to correct dehydration and
electrolyte disturbances. Include glucose to protect the liver and bicarbonate to
relieve metabolic acidosis, as necessary. Monitor fluid balance carefully to signal
discontinuation of intravenous fluids if renal failure occurs. Plasma or blood
transfusion may be needed to overcome shock.



6. Monitor ECG to detect arrhythmias and/or conduction defects that may
appear as manifestations of a toxic myocardiopathy.
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7. Convulsions. Anticonvulsants may be needed to control seizures as out-
lined in Chapter 2.



8. Hemodialysis is not effective in accelerating disposition of phenol (or,
presumably, creosote), but hemoperfusion over charcoal probably is effective.8



This should be considered in severe creosote poisonings.



9. Methemoglobinemia is rarely severe, but intravenous administration of 1%
methylene blue may be considered if 25-30% of hemoglobin is converted. Dose
is 0.1 mL of 1% solution per kg body weight, given over no less than 10 minutes.
Nausea, dizziness, and a transient increase in blood pressure may occur.



ENDOTHALL



As the free acid or as sodium, potassium, or amine salts, endothall is used as
a contact herbicide, defoliant, aquatic herbicide, and algacide. It is formulated in
aqueous solutions and granules at various strengths.



Toxicology



Endothall is irritating to the skin, eyes, and mucous membranes. It is well
absorbed across abraded skin and from the gastrointestinal tract. Recognized
systemic toxic mechanisms in mammals are: corrosive effects on the gastrointes-
tinal tract (particularly from high concentrations of the free acid); cardiomy-
opathy and vascular injury leading to shock; and central nervous system injury,
causing convulsions and respiratory depression. A single case has been reported
of lethal poisoning in a previously healthy 21-year-old man who died after
ingestion of 7-8 grams of endothall. In this patient, hemorrhage and edema
were noted in the gastrointestinal tract and lungs.9 There are no standards for
levels, and they are not considered useful in management.



Treatment



1. Skin decontamination. Wash endothall from the skin with soap and water.
Flush contamination from the eyes with copious amounts of clean water. Ob-
tain medical attention if irritation of skin or eyes persists. See Chapter 2.



2. Gastrointestinal decontamination. If a large quantity has been ingested, the
patient is seen within an hour of exposure, and is fully alert and not convulsing,
gastrointestinal decontamination should be considered as outlined in Chapter 2.
Lavage is usually contraindicated due to the corrosive nature of this agent.
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3. Intubation. If there are indications of corrosive effects in the pharynx,
gastric intubation should not be attempted because of the risk of esophageal
perforation. Treatment procedures appropriate for ingestions of corrosives (strong
acids and alkalis) may be necessary. Referral should be made to a surgeon or
gastroenterologist for consideration of endoscopy.



4. Oxygen should be given by mask. If respiratory drive is weak, pulmonary
ventilation may have to be supported mechanically.



5. Monitor blood pressure closely. Infusions of plasma, blood, other volume
expanders, and pressors may be needed to combat shock.



6. Administer intravenous fluids to correct dehydration, stabilize electro-
lytes, provide sugar, and support mechanisms for toxicant disposition. Give va-
soactive amines very carefully in light of possible myocardiopathy.



7. Convulsions. Seizures may require administration of diazepam and/or other
anticonvulsants.



8. Hemodialysis. It is not known whether hemodialysis or hemoperfusion
would be effective in removing endothall from the blood. This option should
be considered if the patient’s condition deteriorates despite supportive care.



METALDEHYDE



Toxicology



Metaldehyde is a four-unit cyclic polymer of acetaldehyde which has long
been used to kill slugs and snails, which are attracted to it without the use of
bait. Occasional poisonings of animals and children have resulted from inges-
tion of pellets intended as molluscicide, but tablets designed as a combustible
fuel (“meta-fuel”) have also been responsible for human poisonings.10 Another
form of exposure is “snow storm tablets,” which the user places at the end of a
lighted cigarette to create snow. Toxicity occurs through inhalation of
metaldehyde fumes.11 The biochemical mechanism of poisoning is not known.
Both acetaldehyde and metaldehyde produced similar effects in dogs; however,
acetaldehyde was not detected in the plasma or urine of the metaldehyde-
poisoned dogs.12



Ingestion of a toxic dose is often followed shortly by nausea and vomiting.
The other primary features of toxicity are pyrexia, generalized seizures, and
mental status changes, sometimes leading to coma.10,13 Other signs and symp-
toms that may occur include hypersalivation, facial flushing, dizziness, tachyp-
nea, and acidosis.10,11 Pneumonitis has followed inhalational exposure to
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metaldehyde.11 While most cases are dramatic with significant seizures and coma,
fatal events are infrequent.10,13 Poisoned animals show tremors, ataxia, hyperes-
thesia, salivation, ataxia, and seizures.12 Autopsy findings in fatal human poison-
ings indicate severe damage to liver cells and renal tubular epithelium.



Confirmation of Poisoning



Metaldehyde can be measured in the blood and urine, although there are
very few reports of levels among poisoned humans. One patient who had se-
vere tonic clonic seizures and was comatose had a metaldehyde level in the
serum of 125 mg/L with a half-life of 27 hours. This patient did not have
detectable acetaldehyde in the serum.13



Treatment



1. Gastrointestinal decontamination. If ingestion occurred within an hour
of treatment, consider gastrointestinal decontamination as outlined in Chapter 2.
Activated charcoal may well be useful against metaldehyde.



2. Convulsions. If seizures occur, sedative anticonvulsants must be adminis-
tered. See Chapter 2 for dosage.



3. Supportive treatment. Appropriate supportive treatment including intra-
venous fluids containing saline and glucose should be given. Sodium bicarbon-
ate may be considered in the event of severe metabolic acidosis. Fluid balance
and electrolytes must be monitored carefully to avoid fluid overload if renal
failure supervenes.



4. Renal failure. There is no specific antidote for metaldehyde poisoning.
Hemodialysis is probably not effective in removing metaldehyde, but must be
instituted if renal failure occurs. The effectiveness of hemoperfusion has not
been tested.



5. Liver function tests and urine sediment examination should be done to
assess liver and kidney injury in poisoned patients.



SODIUM CHLORATE



Sodium chlorate is used in agriculture as a defoliant, nonselective contact
herbicide, and semipermanent soil sterilant. Because of its explosive nature, it
must be formulated with water-soluble fire retardant material, such as sodium
metaborate, soda ash, magnesium chloride, or urea. It is usually applied in water
solution.
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Toxicology



Sodium chlorate is irritating to skin, eyes, and mucous membranes of the
upper respiratory tract.14 Dermal absorption is slight. Even though gastrointes-
tinal absorption is also inefficient, severe (sometimes fatal) poisoning follows
ingestion of a toxic dose, estimated at about 20 grams in the adult human.
Excretion is chiefly in the urine. The principal mechanisms of toxicity are
hemolysis, methemoglobin formation, cardiac arrhythmia (partly secondary to
hyperkalemia), and renal tubular injury.14,15



The irritant action on the gut causes nausea, vomiting, and abdominal pain.
Once absorbed, hemoglobin is rapidly oxidized to methemoglobin, and intravas-
cular hemolysis occurs.14 Cyanosis is prominent if methemoglobinemia is severe
and may be the only presenting sign.15 Acute tubular necrosis and hemoglobin-
uria may result from the hemolysis or direct toxic injury. Plasma and urine are
dark brown from the presence of free hemoglobin and methemoglobin.14,15,16



Release of potassium from red cell destruction results in hyperkalemia which
may be severe enough to cause life-threatening arrythmias.16 The liver and spleen
are often enlarged due to uptake of hemolyzed erythrocytes.15 Hypoxemia may
lead to convulsions. Death may be the result of shock, tissue hypoxia, renal failure,
hyperkalemia, or disseminated intravascular coagulation (DIC).14,15,16



Confirmation of Poisoning



There are no widely available tests specifically for chlorate. Dark brown
staining of the plasma and urine indicates the action of a strong oxidizing agent
on hemoglobin. See Chapter 2.



Treatment



1. Skin decontamination. Skin contamination should be removed immedi-
ately by washing with soap and water. Medical attention should be sought if
irritation persists. Flush contamination from eyes with copious amounts of clean
water, then obtain specialized medical attention promptly, because irritant ac-
tion may be severe. See Chapter 2.



2. Gastrointestinal decontamination. If sodium chlorate has been ingested
within an hour prior to treatment, consider gastrointestinal decontamination as
outlined in Chapter 2.



3. Oxygen. If respiration is depressed, ventilatory support may be necessary.



4. Sodium thiosulfate has been recommended as an antidote against absorbed
sodium chlorate. Thiosulfate is thought to inactivate the chlorate ion to form the
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less toxic chloride ion. It can be given orally or as an IV infusion over 60-90
minutes. The dose is 2-5 g dissolved in 200 mL of 5% sodium bicarbonate.14



5. Monitor blood pressure, fluid balance, blood electrolytes, BUN, methemo-
globin, and bilirubin, as well as urine protein, cells and free hemoglobin con-
tent, and ECG. Widening of the QRS complex and prolongation of the PR
interval indicate hyperkalemic cardiac toxicity.



6. Milk may be helpful in relieving the pain of gastric irritation.



7. Administer intravenous fluids to sustain chlorate excretion. Maintain
urine pH in the alkaline range by adding sodium bicarbonate to the infusion
fluid. Monitor urine production closely, so that intravenous fluids can be slowed
or discontinued if renal failure occurs. Blood transfusion may be needed if
hemolysis and methemoglobinemia are severe. Exchange transfusion has been
recommended to enhance clearance and treat DIC.16



8. Hemodialysis may be life-saving in severe poisoning. It is effective in re-
moving chlorate from the blood, provides a means to control hyperkalemia,
and makes possible the control of extracellular fluid volume and composition
while renal function remains impaired.



9. Methemoglobinemia. Administration of methylene blue to reverse meth-
emoglobinemia may be considered if as much as 25-30% of hemoglobin is
converted. Give intravenously 0.1 mL/kg body weight of a 1% solution over a
period of at least 10 minutes. An increase in blood pressure, nausea, and dizzi-
ness may occur, but these effects are usually transient. As the use of this agent in
chlorate poisoning has not proven beneficial in the past, it is still advisable to
proceed to exchange transfusion as stated in #7.



SYNERGISTS:
PIPERONYL BUTOXIDE



Synergists are chemical agents included in pesticide products to enhance
the killing power of the active ingredients. The widely-used insecticide syner-
gist, piperonyl butoxide, acts by inhibiting the enzymatic degradation of pyre-
thrins, rotenone, N-methyl carbamates, and possibly some other insecticides.
There is limited dermal absorption on contact. Inherent toxicity in mammals is
low. Large absorbed doses may theoretically enhance the toxic hazard of the
rapidly metabolized insecticides used today, although inhibition of human drug-
metabolizing enzymes by these agents has not actually been demonstrated. Their
presence in pesticide products to which humans are exposed does not change
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the basic approach to management of poisoning, except that some possibility of
enhanced toxicity of the active insecticidal ingredients should be kept in mind.



SOLVENTS AND ADJUVANTS



Liquid materials in which pesticides are dissolved and the solids on which
they are adsorbed (sometimes called carriers or vehicles) are selected by pro-
ducers to achieve stability of the active ingredient, convenience in handling
and application, and maximum killing power following application. Often, the
particular solvents and adjuvants selected by pesticide manufacturers are re-
sponsible for giving their commercial products a competitive edge. For this
reason, their inclusion in marketed products is usually proprietary information,
not available to the general public except in emergencies. If a poisoning emer-
gency exists, pesticide companies will usually cooperate in supplying physicians
with information needed to provide treatment. Some companies will put the
inert ingredients on the Material Safety Data Sheet (MSDS). The physician
should seek this information to assist in evaluating all possible exposures. A
direct request to the producer is the quickest way to secure this information.
Physicians may also contact EPA directly for this information (tel: 703-305-
7090) if needed for proper management of a case.



Petroleum distillates are the most commonly used solvents for lipo-
philic pesticides. Most insecticides are lipophilic. The distillates are mixtures of
aliphatic and aromatic hydrocarbons and have low boiling points.



Sometimes specific hydrocarbons, such as toluene or xylene (strongly
odiferous), are added to stabilize the solution of insecticide or make it more
emulsifiable. Hydrocarbon-dissolved pesticides are usually diluted for applica-
tion by adding measured amounts of water to form emulsions. Some chlori-
nated hydrocarbons may be present in particular technical mixtures. A strong
odor lingering after application of a structural pest control spray is often due to
the solvent rather than the active ingredient.



Less lipophilic active ingredients are sometimes dissolved in mixtures of
alcohols, glycols, ethers, or various chlorinated solvents. It is possible that these
enhance the dermal absorbability of some pesticides. Some solvents, such as
methanol and isopropanol, may represent a significant toxic hazard if swallowed
in sufficient dosage.



Granular formulations utilize various clay materials which adsorb pesti-
cide, retain it in more or less stable form until application, then desorb the
material slowly into treated soil. There is some significant desorption when
granules are in contact with human skin and very substantial desorption into
gastrointestinal secretions if granules are swallowed. The clay materials them-
selves are not a toxic hazard.



Dusts are infrequently used today. Various forms of talc (silicatecarbonate
particles) have been used in the past to adsorb pesticides for application to
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foliage. Particle sizes are such that these dusts are usually trapped in the upper
respiratory mucous when inhaled. When the mucous is swallowed, the particles
desorb pesticide into gastrointestinal secretions. Dust formulations may, there-
fore, release enough of some pesticides to cause systemic poisonings.



Stickers and spreaders (film extenders) are organic substances added to
formulations to disperse pesticide over treated foliage surfaces and enhance
adhesion. The availability and persistence of residue on the leaf surfaces is thereby
increased. Substances used include proteinaceous materials (milk products, wheat
flour, blood albumin, gelatin), oils, gums, resins, clays, polyoxyethylene glycols,
terpenes, and other viscid organics. Some also include sulfated alcohols, fatty
acid esters, and alkyl and petroleum sulfonates. For persons exposed in the
course of formulation or application of pesticides, these adjuvants probably add
little or no toxic hazard to that inherent in the active pesticidal ingredients.



Emulsifiers serve to stabilize water-oil emulsions formed when water is
added to technical hydrocarbon concentrates. Chemically, they resemble deter-
gents (one part of the molecule lipophilic, the other hydrophilic). Long-chain
alkyl sulfonate ethers of polyethylene glycol and polyoxyethylene oleate are
exemplary emulsifiers. They have low inherent mammalian toxicity, and their
presence probably has little effect on the overall toxicity of formulated products
which include them.



Penetrants facilitate the transfer of herbicide from foliage surface to the
interior tissues. Some are lipids while others are detergent (surfactant) in na-
ture. Substances used include heavy petroleum oils and distillates, polyol fatty
acid esters, polyethoxylated fatty acid esters, aryl alkyl polyoxyethylene glycols,
alkyl amine acetate, alkyl aryl sulfonates, polyhydric alcohols, and alkyl phos-
phates. Some of these are eye and skin irritants, and may account for the irritant
effects of particular herbicide formulations whose active ingredients do not
have this property.



Safeners are substances added to mixtures of fertilizers with pesticides (com-
monly herbicides) to limit the formation of undesirable reaction products. Some
substances used are alcohol sulfates, sodium alkyl butane diamate, polyesters of
sodium thiobutane dioate, and benzene acetonitrile derivatives. Some are mod-
erately irritating to the skin and eyes. Systemic toxicities are generally low.



Anticaking agents are added to granular and dust formulations to facili-
tate application by preventing cakes and clumps. Among several products used
are the sodium salt of mono- and di-methyl naphthalene sulfonate, and diato-
maceous earth. Diatomaceous earth has little adverse effect except a drying
action on the skin. Methyl naphthalenes are said to be skin irritants and photo-
sensitizers; whether their derivatives have this effect is not known.
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Treatment



Petroleum distillates are mineral hydrocarbons which undergo limited ab-
sorption across the gut. In general, clinical toxicologists do not recommend in-
duced emesis or gastric lavage in treating ingestions of these materials, because of
the serious risk of hydrocarbon pneumonitis if even tiny amounts of the liquid
are aspirated into the lung. However, this injunction against emptying the stom-
ach may be set aside when the petroleum distillate is a vehicle for toxic pesticides
in significant concentration. In such cases, if the patient is seen within one hour
of exposure, gastrointestinal decontamination should be considered.



Rapid respiration, cyanosis, tachycardia, and low-grade fever are the usual
indications of frank hydrocarbon pneumonitis. Patients with presumed hydrocar-
bon pneumonitis, who are symptomatic, should usually be hospitalized, prefer-
ably in an intensive care setting. If the patient has pulmonary symptoms, a chest
x-ray should be taken to detect or confirm signs of pneumonitis. In addition, the
urine should be examined for protein, sugar, acetone, casts, and cells, and an ECG
should be examined for arrhythmias and conduction defects. Mechanically as-
sisted pulmonary ventilation with 100% oxygen may be required. Hydrocarbon
pneumonitis is sometimes fatal, and survivors may require several weeks for full
recovery. In milder cases, clinical improvement usually occurs within several days,
although radiographic findings will remain abnormal for longer periods.17



The presence of chlorinated solvents in some formulations may add sig-
nificantly to the toxic hazard, particularly if the product is ingested. Certain
adjuvants are irritants to skin, eyes, and mucous membranes, and may account
for the irritant properties of some products whose active ingredients do not
have this effect. With these exceptions, however, the presence of adjuvants in
most finished pesticide products probably does not enhance or reduce systemic
mammalian toxicity to any great extent.
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HIGHLIGHTS



• Compounds are registered
for medical or medicinal use
rather than as pesticides



• Several are among the most
frequently reported human
poisonings in the U.S.



• Iodine is well absorbed
through abraded or burned
skin



Signs and Symptoms:



• Highly variable based on
agent



• Many are irritants and
corrosives



• Iodine causes neurological
symptoms, shock, renal
failure, and hyperkalemia



• Pine oil can cause aspiration
pneumonia



Treatment:



Follow general principles of
decontamination and
supportive care



Contraindicated:



• Gastric emptying and
decontamination
procedures are
contraindicated in
poisonings due to corrosive
agents and pine oil



CHAPTER 19



Disinfectants



A wide variety of disinfectant agents are used to destroy microorganisms and
they differ greatly in their toxic effects. Most disinfectants can conveniently be
grouped into a few categories, some of which are also represented in other
classes of pesticides. Many of these materials are not registered as pesticides, but
are registered for medical or medicinal use. This chapter reviews a few of the
more common or more severely toxic disinfectants.



ALCOHOLS



Alcohols have a long history of use as disinfectants. Often disinfectants are
mixtures, usually of ethanol and isopropyl alcohol (isopropanol). The alcohol
most commonly used in households as a disinfectant is isopropyl alcohol, com-
monly marketed as a 70% solution. It is a clear, colorless liquid with an odor
similar to ethanol.



Toxicology of Isopropyl Alcohol



Isopropyl alcohol is well and rapidly absorbed from the gastrointestinal tract.
It is also well absorbed by skin and by inhalation. It is considered to be more toxic
to the central nervous system than ethanol, with similar effects. Both ingestion
and inhalation at high concentrations can result in the rapid onset of CNS
depression with subsequent coma and death. Apnea commonly accompanies
this CNS depression.1,2 Similar neurological toxicity has been reported with
excessive topical exposure to the umbilicus of a neonate.3 Irritation of the
gastrointestinal tract results in gastritis and severe vomiting. Isopropyl alcohol may
also produce mild hepatic injury with acute exposures. Acute tubular necrosis has
been reported with this agent,1 but the renal toxicity is not as great as with
methanol poisonings. Ketosis without metabolic acidosis but prominent hypogly-
cemia is common.2,3 This ketosis is the result of direct metabolism of this
compound to acetone.1,3 Monitoring of isopropyl levels is useful, when available.
In addition, blood levels of acetone and glucose should be determined to aid
in management.
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Confirmation of Poisoning



Isopropyl alcohol can be measured in the blood and urine. Serum acetone
can also be measured. Blood isopropyl alcohol levels of 128-200 mg/dL have
been associated with death.



Treatment: Isopropyl Alcohol



1. Gastrointestinal decontamination. Since the onset of coma is often rapid
with this poisoning, induced emesis is contraindicated, though spontaneous
vomiting often occurs. If the patient has ingested a large amount, has not vom-
ited, and is seen within one hour of exposure, consideration should be given to
gastric emptying by lavage as outlined in Chapter 2.



Isopropyl alcohol is well adsorbed to charcoal, so activated charcoal should
probably be administered, as outlined in Chapter 2.



2. Supportive care for hypotension and respiratory depression is critical to
survival and should be administered whenever possible in an intensive care
setting.



3. If hypoglycemia occurs, glucose administration is indicated in order to
maintain normoglycemia.



4. Hemodialysis has been reported to be beneficial in patients with severe
poisoning unresponsive to standard supportive therapy.1,4



ALDEHYDES



The two aldehydes most commonly used as disinfectants are formaldehyde
and glutaraldehyde. Formaldehyde is discussed in Chapter 17, Fumigants. Glu-
taraldehyde is very similar to formaldehyde in its toxicity and treatment, al-
though it is probably slightly less toxic. Glutaraldehyde is commonly prepared
as an aqueous solution at a 2% concentration, and is slightly alkaline in this
solution. It has been reported to cause respiratory irritation, resulting in rhini-
tis5,6 and occupational asthma.6,7,8 It has also resulted rarely in palpitations and
tachycardia in human subjects. At high dosage, given orally, it results in gas-
trointestinal irritation with diarrhea, which may be hemorrhagic. Due to the
irritant effects of glutaraldehyde, the wearing of personal protective equipment
is required for the protection of skin (29 CFR 1910.132), and eyes (29 CFR
1910.133). OSHA standards require the use of appropriate respirators by em-
ployees that may be exposed to glutaraldehyde during routine or emergency
work procedures (29 CFR 1910.134).



Commercial Products



ALCOHOLS
Isopropyl alcohol



ALDEHYDES
formaldehyde
glutaraldehyde



CATIONIC DETERGENTS
benzalkonium chloride
cetrimide
cetylpyridium chloride



CHLORHEXIDINE
Hibiclens
Hibistat
Peridex



HYPOCHLORITES
calcium hypochlorite
sodium hypochlorite



IODINES
povidone-iodine



Betadine
Ioprep
Pharmadine



MERCURIALS
mercurobutol
mercurochrome
merthiolate
nitromersol
phenylmercuric acetate
phenylmercuric nitrate
thimerosol



PHENOLS
2-benzyl-4-chlorophenol
cresol



Lysol
hexachlorophene



Bilevon
Dermaadex
Exofene
Gamophen
Phisohex
Surgi-Cen
Surofene
Texosan



o-phenylphenol
phenol
4-tert-amylphenol
thymol
triclosan



PINE OIL
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Treatment: Glutaraldehyde



1. Gastrointestinal decontamination. If a large amount has been ingested
and retained, and the patient is seen within one hour of exposure, consider
gastric emptying as described in Chapter 2. Administration of activated char-
coal should be considered, as described in Chapter 2.



2. Oxygen. If patient has been in an area with strong odor of glutaraldehyde
due to vaporization, remove to fresh air area and administer oxygen as needed.



3. Skin decontamination. If skin irritation is noted, vigorous skin decon-
tamination is indicated. However, systemic toxicity from skin exposure appears
unlikely.



CATIONIC DETERGENTS



Several cationic detergents are used as disinfectants. All share the capacity,
in sufficient concentration, to behave as caustic agents, capable of causing rather
severe, caustic burns. It appears that concentrations greater than approximately
7.5% are necessary to produce significant caustic injuries. However, experience
with human exposures to these compounds is very limited. The three agents
most commonly used as detergent disinfectants are benzalkonium chloride,
cetrimide, and cetylpyridium chloride.



Though there are no cetrimide preparations available in the U.S., several
are available in European Union countries. Concentrated solutions are usually
only available in industrial settings, such as production of consumer products,
or for use in hospitals for disinfectant purposes. Therefore, acute poisonings are
uncommon.



Toxicology



In low-concentration solutions, these agents have been reported to cause
eye discomfort as well as skin rashes and irritation. In stronger concentrations,
they can cause severe corneal and skin burns. Likewise, strong concentrations
will result in caustic burns to lips, oral mucosa, esophagus, and stomach.9,10



Vomiting, diarrhea, and abdominal pain have been reported.11 Necrosis of the
gut, with peritonitis, has also been reported.12 In severe exposures, there are also
reports of CNS depression, liver injury, and pulmonary edema.9,11



Treatment



1. Skin decontamination. If a high-concentration solution has been applied
to skin, aggressive skin contamination and treatment of burns is appropriate. If
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a high concentration solution is in contact with the eyes, profuse washing of
the eyes is indicated followed by a careful exam of the corneas. If burns have
occurred, appropriate ophthalmologic care should be provided.



2. Gastrointestinal decontamination. Gastric emptying and other methods
of gastrointestinal decontamination are contraindicated in these poisonings.
Some experts recommend cautious dilution with small amounts of milk or
water.9,13 Acidic solutions such as juices should never be offered for dilution.



3. Endoscopy. If a highly concentrated solution was ingested or oral burns are
noted, the patient needs urgent endoscopy for grading of the caustic injury. The
endoscopy should be performed within 24 hours to minimize the risk of per-
foration from the procedure.12 A competent surgeon or gastroenterologist should
provide subsequent care.



4. Other agents. Although corticosteroids are commonly used to treat these
burns, their use remains controversial. Use of other agents, such as H2 antago-
nists and sulcralfate, has been reported but remains controversial at this time.



5. CNS, pulmonary and other systemic effects should be treated symptom-
atically, consistent with sound medical practice.



CHLORHEXIDINE



Chlorhexidine is a cationic biguanide, available in concentrations up to 4%
as a topical agent used as a skin cleanser and mouthwash. Skin preparations of
0.5%-4% are marketed under the trade names HibiclensR and HibistatR. It is
also marketed as a mouthwash in a 0.12% solution under the trade name PeridexR.
There is very little human experience with poisonings, as these concentrations
do not appear to be significantly toxic.



Toxicology



Chlorhexidine is poorly absorbed from skin or the gastrointestinal tract.
Therefore most effects noted have been primarily local. If a low concentration
solution is ingested or applied to the skin, mild local irritation can be seen.
Contact dermatitis, urticaria, and anaphylaxis have followed repeated skin ex-
posures to this agent.14,15 Corneal injuries have been described in several cases
after inadvertent exposure of the eyes to the 4% concentration. These injuries
have resulted in permanent corneal scarring.16 Esophageal burns have been
reported in a single case after ingestion of a large quantity of a 20% solution of
this agent.17 Ulcerative colitis has been described after an enema of the 4%
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solution mixed with tap water (10 mL in 2 liters water).18 Liver toxicity can
occur with large exposures.17



Treatment



1. Gastrointestinal decontamination. If ingestion of a large quantity has
occurred within an hour and the patient has not vomited, gastrointestinal de-
contamination as described in Chapter 2 should be considered. If a highly
concentrated solution has been ingested, manage as a caustic ingestion as de-
scribed in the cationic detergents, without gastrointestinal decontamination.



2. Liver injury panel should be performed with large ingestions.



3. Eye decontamination. If eye exposure has occurred, the eyes should be
vigorously irrigated and a careful ophthalmologic exam should be performed
for corneal injury. If an injury has occurred, an ophthalmologic consultation
should be obtained.



HYPOCHLORITES



Hypochlorites are implicated in a large proportion of the disinfectant
poisonings reported to poison control centers in the United States. Most are
solutions of sodium or calcium hypochlorite solutions. Chloramine, a disin-
fectant used by many municipal water supplies, is an infrequent cause of acute
poisonings. Sodium and calcium hypochlorite solutions are of relatively low
toxicity. They are mildly corrosive to the eyes,19 and mucous membrane burns
have been reported.20 Significant poisonings are very infrequent with these
agents in solution.21



When hypochlorite solutions are mixed with acids or ammonia solutions,
chlorine or chloramine gas is produced, resulting in an irritant with pulmonary
toxicity. Many brief exposures have led to transient symptoms requiring lim-
ited emergency department management.22 However, in cases of prolonged
exposure or exposure to high concentrations, there is the potential for severe
toxic pneumonitis.23 While severe injury may be the exception to the rule,
great efforts should be made to discourage mixing of these materials with acid
or ammonia.



Treatment



1.  Gastric decontamination. After oral exposures, gastric emptying is not
indicated. If a granular material is ingested, and the patient has symptomatic
mucosal burns, referral to a surgeon or gastroenterologist for consideration of
endoscopy and management may be appropriate.
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2.  Dilution with water or milk not to exceed approximately 15 mL/kg in a
child or 120-240 mL in an adult is probably appropriate if vomiting has not
occurred. Administration of acids is contraindicated, due to the risk or increas-
ing generation of chlorine gas.



3.  Eye decontamination. If eyes were exposed, they should be irrigated
profusely with water or saline. If corneal burns are detected, referral to an
ophthalmologist is appropriate.



4.  Skin decontamination. Skin exposure should also be managed by copi-
ous water dilutions. See Chapter 2.



5.  Fresh air.  If exposure to vapors or chlorine or chloramine gas has occurred,
patient should immediately be moved to fresh air. If symptoms occur or persist,
oxygenation should be assessed and oxygen should be administered as needed.  If
persistent symptoms occur, a chest film should be obtained and hospital care
considered. Intensive care may need to be provided in severe inhalations.



IODINE



The most common iodine-containing disinfectant is povidone-iodine
(proviodine), in 7.5-10% solutions. Povidone-iodine is described as an iodophor,
which is a complex of iodine and polyvinylpyrrolidone, a solubilizing agent. It
is intended to liberate free iodine in solution for its effect. Although reported
concentrations of iodine in these solutions is only 80-120 ugm/dL, the total
available iodine is approximately 10% of the povidone-iodine. Therefore a 10%
solution will have in the range of 1% total available iodine.



Toxicology of Povidone-Iodine



This compound is very poorly absorbed from the gastrointestinal tract, due
to the rapid conversion of free iodine to iodide in the stomach.  Although
highly concentrated iodine solutions or iodine salts are corrosive to the gas-
trointestinal tract,24 solutions of povidone-iodine have little caustic potential.
Likewise, the compound is poorly absorbed from intact skin. All symptomatic
poisonings reported have occurred either after repeated exposure to burned
skin, or following irrigation of wounds, joints, or serosal surfaces such as the
mediastinum.25-28 The one exception was an infant who received an enema of
povidone-iodine in a polyethylene glycol solution, followed by whole bowel
irrigation with polyethylene glycol mixed with povidone-iodine. This child
died with severe hyperglycemia and very high iodine levels.24



In povidone-iodine exposures by these routes, the primary symptoms ini-
tially appear to be neurological, with headache, dizziness, delirium, hallucina-
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tions, and seizures.26 Hypotension, arrythmias, cyanosis, metabolic acidosis, shock,
and acute renal failure occur in severe cases.25,27,28 Hepatic injury, manifested by
elevated serum transaminase levels, has also been reported with very high level
exposures.27 Hyperkalemia has occurred, and the serum chloride may be falsely
elevated due to the presence of a second halide.25



Treatment: Povidone-Iodine



1. Skin decontamination. Remove skin contamination by vigorous washing
with soap and water. See Chapter 2.



2. Gastrointestinal decontamination. If the patient is seen soon after a very
large ingestion, and vomiting has not occurred, consider gastrointestinal de-
contamination, as outlined in Chapter 2. Consider single dose charcoal.



3. Iodine clearance is apparently enhanced by procedures that enhance chlo-
ride excretion. Therefore, osmotic or choluretic diuresis is probably indicated
in these poisonings, if symptomatic.



4. Seizures. Treat seizures with anticonvulsants, as outlined in Chapter 2.



5. Monitor thyroid function following recovery to confirm euthyroid state.



MERCURIALS



A wide variety of organic mercurials have been used as disinfectants and as
preservatives. Nearly all uses have been banned in the United States.  The tox-
icity and treatment of exposure to these compounds is described in detail in
Chapter 15, Fungicides, under organomercury compounds and will not be
repeated here.



PHENOLS



Several phenols are used as disinfectants. Cresol and thymol are alkyl de-
rivatives of phenol, while hexachlorophene and triclosan are chlorinated phenols.
Common commercial preparations are LysolR, a 50% solution of mixed cresols
in soap, and hexachlorophene, marketed under several trade names in soap bars
and some cosmetics. Cresols and hexachlorophene are discussed individually as
examples of these compounds that are familiar and for which there are some
human data.
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Toxicology of Cresols



Cresols, in common with phenol and other phenolic compounds, are highly
corrosive to all surfaces. With ingestion of concentrated forms they cause severe
corrosive injury to the mouth and upper gastrointestinal tract. Likewise, severe
eye and skin caustic injuries can occur with cresol exposure.29 Symptoms usu-
ally include nausea, vomiting, and diarrhea. Hypotension, myocardial failure,
pulmonary edema, and neurological changes may also occur.30 Liver and renal
toxicity, methemoglobinemia, and hemolysis have all been reported.30,31 After
long-term, repeated exposure, contact dermatitis may complicate these expo-
sures. These compounds are well absorbed from the gastrointestinal tract and
are also significantly absorbed from the skin and by inhalation.



Treatment: Cresols



1. Gastrointestinal decontamination. Due to the corrosive nature of these
compounds, gastrointestinal decontamination should not be attempted. Con-
sideration of dilution with milk or water is appropriate if vomiting has not
occurred.



2. Endoscopy. If a corrosive injury has occurred with burns to the mouth, or
if there is a clear history of gastrointestinal exposure, endoscopy should be
considered and a gastroenterologist or surgeon should be consulted for diagno-
sis and management.



3. Skin decontamination. If skin or eye contamination has occurred, copi-
ous irrigation should be performed. This should be followed by a careful eye
examination for corneal burns. If corneal burns are noted, ophthalmologic
consultation should be obtained.



4. Respiratory and circulatory support should be provided in accordance
with sound medical management. If severe systemic symptoms persist, the pa-
tient should be treated in an intensive care unit, if possible.



Toxicology of Hexachlorophene



Hexachlorophene is well absorbed orally and dermally. Dermal exposures
have led to severe toxicity and death in neonates, due to application to dam-
aged skin, or repeated or high-concentration skin exposures.32 Hexachlorophene
should never be used as a disinfectant on open wounds or abraded or inflamed
skin surfaces. In distinction to other phenolic compounds, this agent is not
significantly caustic and exposure does not result in the severe caustic injuries
seen with other phenolic chemicals.











204  •  DISINFECTANTS



Hexachlorophene is a potent neurotoxicant. It causes brain edema and
spongy degeneration of white matter.33 This neurotoxicity can be seen after
acute or chronic exposures, either by skin absorption or ingestion. The nervous
system symptoms are complex. Lethargy is an early manifestation, followed by
muscular weakness, muscular fasciculation, irritability, cerebral edema, and pa-
ralysis, leading to coma and death. Seizures commonly occur in more severe
cases.32,34 Blindness and optic atrophy have been reported following exposure
to hexachlorophene.35



In addition to the neurological effects, common early symptoms of poison-
ing are vomiting, diarrhea, and anorexia.34 These findings have been accompa-
nied in animals by significant hepatotoxicity.36 With skin exposure, an erythema-
tous desquamative rash is often noted at the site of exposure.34 With chronic
exposure, contact dermatitis may be noted. In severe poisonings, cardiovascular
symptoms, including hypotension and bradycardia, have been noted.37 In a single
case, repeated exposure to this compound led to asthma in a pediatric nurse.38



Treatment: Hexachlorophene



1. Gastrointestinal decontamination. Since this agent is not generally caustic,
consideration should be given to aggressive gastrointestinal decontamination. If
the patient has ingested a significant amount and is seen within one hour of
exposure, gastric emptying is likely to be useful, as described in Chapter 2.



Since hexachlorophene is thought to have an enterohepatic recirculation, it
is possible that repeated dosing of activated charcoal, as outlined in Chapter 2,
will enhance clearance of this compound. However, hexachlorophene does not
bind well to charcoal and there are no clinical trials of this therapy for this agent.



2. Other therapies. Though this compound is quite toxic systemically and
enhanced clearance methods would appear beneficial, there is no evidence to
support the efficacy of hemodialysis, peritoneal dialysis, hemoperfusion, or ex-
change transfusion.37



3. Skin decontamination. If exposure has occurred through the skin, aggres-
sive washing of skin with soap or detergent and water is probably beneficial, to
remove any residues still on the skin. Since hexachlorophene is not soluble in
water, water washing alone will provide no significant benefit. See Chapter 2.



4. Neurological support and control of seizures is critical to survival and
should be performed, when possible, in an intensive care setting. Seizure con-
trol should be in accordance with recommendations in Chapter 2.



5. Cardiovascular and respiratory support are also very important to suc-
cess in treating severe poisonings with this agent and should be provided in an
intensive care unit in accordance with accepted medical practice.
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PINE OIL



Pine oil detergent and disinfectant solutions are among the most common
poisonings reported to poison control centers in the U.S.  A relatively high
number of these are reported as serious or fatal. Pine oil is found in a variety of
household and commercial cleaners and disinfectants.  It is a mixture of mono-
terpenes derived from the distillation of wood from various pine species, with
approximately 57% being alpha-pinene.39  Its most common side effects in smaller
dosage are irritation of mucous membranes, gastrointestinal irritation, mild res-
piratory and CNS depression, and renal toxicity.  Larger ingestions can result in
severe respiratory distress, cardiovascular collapse, and severe CNS effects.  Re-
nal failure and myoglobinuria have also been reported in severe poisonings.40



Since even small ingestions can result in severe aspiration pneumonia, all
ingestions should be considered potentially hazardous.



While many of the reported effects of poisoning with this agent are related
to direct irritant effect on mucous membranes, gastrointestinal tract, and lung
(by aspiration), some reports suggest significant absorption from oral and rectal
exposures. Other reports suggest a lesser rate of absorption.39  While alpha-
terpineol can be measured in blood, there are no data relating levels to degree
of toxicity.  Consequently, this measure is not considered useful in guiding
diagnosis and management.



Treatment



1.  Gastrointestinal decontamination.  Since there is a high risk of aspira-
tion pneumonia, induced emesis is usually considered contraindicated in these
poisonings.  However, spontaneous emesis may occur due to direct irritation of
the gastric mucosa.



If the patient is seen within an hour of ingestion and a large amount has
been ingested, gastric emptying by intubation and lavage may be considered, as
described in Chapter 2. However, some studies have suggested greater rates of
complications with lavage than with ipecac-induced emesis.40



There is no evidence that activated charcoal is helpful in these poisonings.
Likewise, though a variety of enhanced elimination methods have been pro-
posed and tried, there is no evidence to support their efficacy.



2.  Eye decontamination.  If eye exposure has occurred, copious irrigation
of the eyes is appropriate.



3.  Pulmonary symptoms.  The patient should be observed for at least six
hours with any significant ingestion in order to observe the onset of any symp-
toms, particularly pulmonary symptoms. If any pulmonary symptoms are ob-
served, the patient should have a chest film and measurement of oxygenation,
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and hospitalization is appropriate. With severe pulmonary symptoms, transfer
to an intensive care unit is usually appropriate. With severe aspiration, manage-
ment should be handled as in any severe aspiration pneumonia, in accordance
with accepted medical practice.  Other severe systemic effects should be treated
in accordance with accepted medical practice.
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Index of Signs and Symptoms



Presented in this chapter are lists of pesticides reported to have caused particu-
lar symptoms and signs, or combinations thereof, in poisoned individuals. The
lists may help direct the attention of health professionals to possible toxic causes
of the various disease manifestations, prompting inquiry into likelihood of ex-
posure to the listed chemicals. If certain agents appear suspect, inquiry can then
be made into the presence of additional manifestations typical of poisoning by
those substances.



The limitations of this approach to diagnosis must be understood. First, all
manifestations of illness have multiple causes, pesticidal and nonpesticidal.
Second, there are no specific symptoms or signs that are invariably present in
poisonings by particular pesticides. Third, many poisonings are characterized by
unexpected manifestations.



Finally, neither route of exposure nor dosage of pesticide is taken into
account in this listing. For example, effects of high-dose ingestion are not
distinguished from effects of relatively low-dose dermal absorption, nor are
topical effects distinguished from systemic dermal manifestations. The lists of
pesticides can only be regarded as clues to prompt further inquiry by the inter-
viewing professional.



The term manifestation means either symptom or sign. The word “poison-
ing” is used loosely in these headings to include topical as well as systemic effects.
Pesticides which are relatively consistent in causing particular manifestations are
listed in the middle column, headed “Characteristic of These Agents.” Pesticides
that have caused various conditions with less consistency, or are less prominent
features of poisoning, are listed in the right-hand column, headed “Occurs
withThese Agents.” Obviously, the distinction is not clear-cut.



Some symptoms (malaise, fatigue, dizziness) occur so commonly in poi-
soned individuals that they have little or no value in differential diagnosis, and
are therefore not included in these tables.
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MANIFESTATION



Rotten egg odor



Hypothermia



Hyperthermia
(fever, pyrexia)



Chills



Hot sensations



Myalgia



Thirst



Anorexia



Alcohol intolerance



Sweet taste
in the mouth



Metallic taste in the
mouth



Salty, soapy taste
In the mouth



CHARACTERISTIC OF
THESE AGENTS



Sulfur



Creosote
Norbormide



Nitrophenols
Pentachlorophenol



Phosphine
Arsine



Nitrophenols
Chlordimeform



Paraquat
Chlorophenoxy compounds



Pentachlorophenol
Nitrophenois
Inorganic arsenicals
Phosphorus
Phosphides
Sodium fluoride
Cholecalciferol
Aminopyridine



Organophosphates
Carbamate insecticides
Nicotine
Pentachlorophenol
Hexachlorobenzene
Chlordimeform
Cholecalciferol



Thiram
Calcium cyanamide



Chlordimeform



Inorganic arsenicals
Organic mercury



Sodium fluoride



OCCURS WITH
THESE AGENTS



Borate
Thallium
Metaldehyde
Inorganic arsenicals
Chlorophenoxy compounds
Cadmium dusts
Naphthalene



Pentachlorophenol



Borate
Endothall



Halocarbon fumigants
Nitrophenols
Inorganic arsenicals
Aminopyridine



General
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Irritation,
Rash,
Blistering, or
Erosion (without
sensitization)



Contact dermatitis



Flushing



Dermal sensitization



Beefy red palms, soles



Urticaria



Bullae



Copper, organotin, cadmium
compounds



Metam sodium
Paraquat
Diquat
Sodium chlorate
Phosphorus
Sulfur
Glyphosate
Propargite
Sodium hypochlorite
Quaternary ammonia
Thiram
Chlordimeform
Cationic detergents
Hexachlorphene
Ethylene oxide
Formaldehyde
Acrolein
Methyl bromide
Ethylene dibromide
Dibromochloropropane
Dichloropropane
Endothall
Aliphatic acids



PCP
Paraquat
DEET
Chlorhexidine
Creosote
Hexachlorphine
Pyrethrins
Chlorothalonil
Thiram
Thiophthalimides



Cyanamide
Nitrophenols



Propachlor
Propargite
Ethylene oxide



Borate



Chlorhexidine
PCP
DEET



Liquid fumigants



Pentachlorophenol
Picloram
Chlorophenoxy compounds
Captan
Rotenone
Diethyltoluamide
Creosote
Fungicides
Herbicides with



irritant properties
Petroleum distillate



Thiram plus alcohol



Anflazine
Chlorothalonil
Barban
Captafol
Formaldehyde



Fluoride
Pentachlorophenol



Hexachlorobenzene



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Skin











SIGNS AND SYMPTOMS  •  213



Pallor



Cyanosis



Yellow stain



Keratoses, brown
discoloration



Ecchymoses



Jaundice



Excessive hair growth



Loss of hair



Loss of fingernails



Brittle nails, white striations



Sweating, diaphoresis



Organochlorines
Fumigants
Sodium fluoride
Creosote



Sodium chlorate
Paraquat
Cadmium dusts
Sodium fluoroacetate
Strychnine
Crimidine
Nicotine
Organochlorines



Nitrophenols



Inorganic arsenicals



Coumarins
Indandiones



Carbon tetrachloride
Chloroform
Phosphorus
Phosphides
Phosphine
Paraquat
Sodium chlorate



Thallium



Organophosphates
Carbamate insecticides
Nicotine
Pentachlorophenol
Naphthalene
Aminopyridine



Coumarins
Indandiones



Organophosphates
Carbamate insecticides
Agents that cause shock,
  myocardiopathy, severe
  arrhythmias or convulsions



Phosphorus
Phosphides



Inorganic arsenicals
Diquat
Copper compounds



Hexachlorobenzene



Inorganic arsenicals



Paraquat
Inorganic arsenicals



Inorganic arsenicals
Thallium



Copper compounds



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Skin (continued)
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Copper compounds
Organotin compounds
Cadmium compounds
Metam sodium
Paraquat
Diquat
Acrolein
Chloropicrin
Sulfur dioxide
Naphthalene
Formaldehyde
Ethylene oxide
Methyl bromide
Endothall
Toluene
Xylene



Organophosphates
Carbamate insecticides
Chloropicrin
Acrolein



Nitrophenols



Paraquat



Thallium



Organophosphates
Carbamate insecticides
Nicotine



Organic mercury



Organophosphates
Carbamate insecticides



Cyanide
Fluoride



Cyanide



Thiophthalimides
Thiram
Thiocarbamates
Pentachlorophenol
Chlorophenoxy compounds
Chlorothalonil
Picloram
Creosote
Aliphatic acids



Pentachlorophenol
Pyrethrins



Agents that cause jaundice
(see above under Skin)



Organotin compounds



Thallium



Nicotine (early)



Conjunctivitis
   (irritation of mucous
     membranes, tearing)



Tearing



Yellow schlerae



Keratitis



Ptosis



Diplopia



Photophobia



Constricted visual fields



Optic atrophy



Miosis



Dilated pupils



Unreactive pupils



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Eye











SIGNS AND SYMPTOMS  •  215



Organophosphates
Cyanopyrethroids
Phosphides
Organochlorines
Thiabendazole



Inorganic arsenicals
Organic mercury
Sodium fluoroacetate
Carbon disulfide
Thallium



Organophosphates
Carbamate insecticides
Nicotine
Inorganic arsenicals
Organic mercury
Cadmium compounds
Organotin compounds
Copper compounds
Thallium
Fluoride
Borates
Naphthalene
Phosphine
Halocarbon fumigants
Creosote
Diquat
Cholecalciferol
Cyanamide



Organic mercury
Inorganic arsenicals
Organotin compounds
Thallium
Nicotine
Sodium fluoroacetate
Diquat
Cyanide
Nitrophenols
Aminopyridine
Carbon disulfide
Methyl bromide



Organophosphates
Carbamate insecticides
Sodium fluoride
Borate
Diquat



Nicotine (late)



Pyrethroids (transitory)



Organochlorines
Nitrophenols
Thiram
Pentachlorophenol
Paraquat
Diethyltoluamide



Organophosphates
Carbamate insecticides
Pentachlorophenol
Sodium fluoride
Diethyltoluamide
Organochlorines



Inorganic arsenicals
Metaldehyde
Sulfuryl fluoride
Halocarbon fumigants
Phosphorus
Phosphine
Paraquat
Chlorophenoxy compounds
Diethyltoluamide
Alkyl phthalates



Paresthesia
  (chiefly facial,
    transitory)



Paresthesia of extremities



Headache



Behavioral – mood
Disturbances
(confusion, excitement,



mania, disorientation,
emotional lability)



Depression, stupor, coma,
respiratory failure, often
without convulsions



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Nervous System
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Organochlorines
Strychnine
Crimidine
Sodium fluoroacetate
Nicotine
Cyanide
Acrylonitrile
Metaldehyde
Thallium
DEET
Chlorobenzilate
Carbon disulfide
Phosphine
Povidone-iodine
Hexachlorophene
Sodium chlorate
Creosote
Endothall
Fluoride



Organophosphates
Carbamate insecticides
Nicotine
Sulfuryl fluoride



Fluoride
Phosphides
Phosphorus



Organic mercury
Thallium
Organophosphates
Carbamate insecticides
Nicotine
Metaldehyde
Borates



Halocarbon fumigants
Organophosphates
Carbamate insecticides
Carbon disulfide
Nicotine
Thallium



Inorganic arsenicals
Organophosphates
Carbamate insecticides
Nicotine



Organic mercury



Nitrophenols
Pentachlorophenol
Inorganic arsenicals
Organotin compounds
Diquat
Borate
Sulfuryl fluoride
Methyl bromide
Chlorophenoxy compounds
Organophosphates
Carbamate insecticides
Aminopyridine



Organic mercury
Chlorophenoxy compounds



Chlorophenoxy compounds



Pentachlorophenol
Nitrophenole
Thiram



Organic mercury
Organochlorines



Organic mercury
Diethyltoluamide



Seizures/Convulsions
(clonic-tonic) sometimes
leading to coma



Muscle twitching



Myotonia



Tetany, carpopedal spasms



Tremor



Incoordination
(including ataxia)



Paralysis
Paresis, muscle weakness



Hearing loss



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Nervous System (continued)
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Phosphorus
Phosphides
Phosphine
Sodium fluoride
Sodium chlorate
Borate
Thallium
Copper compounds
Endothall
Cyanamide



Thallium (early)
Nicotine (early)



Hypotension shock



Hypertension



Inorganic arsenicals
Nicotine (late)
Creosote
Alkyl phthalate
Cycloheximide
Formaldehyde
Norbormide



Organophosphates



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Nervous System (continued)



Cardiac arrhythmias



Bradycardia (sometimes to
asystole)



Tachycardia



Sodium fluoroacetate
Halocarbon fumigants
Nicotine
Sodium fluoride
Ethylene oxide
Sodium chlorate
Thallium-ventricular
Povidone-iodine
Veratrum alkaloid (sabadilla)



Cyanide
Organophosphates
Carbamate insecticides



Nitrophenols
Pentachlorophenol
Cyanamide



Inorganic arsenicals
Phosphorus
Phosphides
Phosphine
Organochlorines
Cyanide
Acrylonitrile
Fluoride



Nicotine



Metaldehyde
Organophosphates



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Cardiovascular System
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Naphthalene
Paraquat
Chloropicrin
Acrolein
Dichloropropene
Ethylene dibromide
Sulfur dioxide
Sulfuryl fluoride
Acrylonitrile
Formaldehyde
Cadmium dusts
ANTU



Sabadilla



Pyrethrins
Inorganic arsenicals
Organophosphates
Carbamate insecticides



Methyl bromide
Phosphine
Phosphorus
Phosphine
Ethylene oxide
Ethylene dibromide
Acrolein
Pyrethiods
Sulfur dioxide
Cationic detergents
Creosote
Methylisothiocyanate
Cadmium



Paraquat
Cadmium dusts
Methyl bromide



Organophosphates
Carbamate insecticides
Nicotine
Paraquat
ANTU
Cadmium dusts
Cyanamide
Sulfuryl fluoride
Pentachlorophenol
Methyl bromide
Sulfur dioxide
Chloropicrin



Upper respiratory tract
irritation, rhinitis, scratchy
throat, cough



Sneezing



Runny nose



Pulmonary edema
(many chemicals come



packaged in a
hydrocarbon vehicle, well
known to cause
pulmonary edema)



Pulmonary consolidation



Dyspnea



Dry formulation of copper, tin,
zinc compounds



Dusts of thiocarbamate and
other organic pesticides



Chlorophenoxy compounds
Aliphatic acides
Rotenone



Dry formulation of copper, tin,
zinc compounds



Dusts of thiocarbamate and
other organic pesticides



Chlorophenoxy compounds
Aliphatic acides
Rotenone



Organophosphates
Carbamate insecticides
Paraquat
Phosphides



Diquat



Nitrophenols
Cyanide
Creosote
Pyrethins



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Respiratory System
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Organophosphates
Carbamate insecticides
Nicotine
Arsenicals
Fluoride
Cadmium compounds
Organotin compounds
Copper compounds
Sodium chlorate
Borate
Cyanide
Chlorophenoxy compounds
Phosphorus
Phosphides
Phosphine
Carbon disulfide
Chloropicrin
Halocarbon fumigants
Endothall
Metaldehyde
Thallium
Red quill
Diquat
Naphthalene
Methyl bromide
Dibromochloropropane
Veratrum alkaloid
Thiram



Organophosphates
Carbamates
Pyrethoids
Borates
Sulfur
Nicotine
B.thuringiensis
Thiram
Cadmium



Fluoride
Paraquat
Diquat
Thallium
Coumarins
Indandiones
Endothall
Arsenicals



Pentachlorophenol
B.thuringiensis
Cholecalciferol
Thiram
Ethylene dichloride
Propane
Ethylene oxide
Cresol
Many pesticides have some



irritant property



Cationic detergents
Cresol
Hexachlorophene
Chlorophenoxy compounds



Phosphorus
Phosphides
Cycloheximide



Nausea, vomiting,
commonly followed by
diarrhea



Diarrhea (first)



Diarrhea (bloody)



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Gastrointestinal Tract and Liver
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Abdominal pain



Stomatitis



Salivation



Ileus



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Gastrointestinal Tract and Liver (continued)



Enlargement



Jaundice –
see section on Skin



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Liver



Organophosphates
Carbamate insecticides
Paraquat
Diquat
Nicotine
Methaldehyde
Fluoride
Borate
Phosphorous
Phosphides
Inorganic arsenicals
Cadmium compounds
Copper compounds
Thallium
Organotin compounds



Inorganic arsenicals
Paraquat
Diquat
Copper compounds



Organophosphates
Carbamate insecticides
Nicotine
Aminopyridine
Sodium fluoride
Cyanide
Cadmium compounds



Thallium
Diquat



Copper compounds
Sodium chlorate
Phosphine
Carbon tetrachloride
Cholorform



Chlorophenoxy compounds
Aliphatic acids
Sodium chlorate
Creosote
Endothall
Aminopyridine
Coumarins
Indandiones
Fumigants (ingested)
Cycloheximide



Thallium



Inorganic arsenicals
Hexachlorobenzene
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Proteinuria
Hematuria
Sometimes leading



to oliguria
Acute renal failure with



azotemia



Dysuria, hematuria, pyuria



Polyuria



Hemoglobinuria



Wine-red urine
(porphyrinuria



Smoky urine



Glycosuria



Ketonuria



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Kidney



Inorganic arsenicals
Copper compounds
Sodium fluoride
Naphthalene
Borate
Nitrophenols
Pentacholorphenol
Sodium chlorate
Sulfuryl fluoride
Paraquat
Diquat
Arsine
Ethylene dibromide



Chlordimeform



Cholecalciferol



Naphthalene
Sodium chlorate
Arsine



Hexachlorobenzene



Creosote



Cadmium compounds
Phosphorus
Phosphides
Phosphine
Chlorophenoxy compounds
Creosote
Organotin compounds



Fluoride



Organotin compounds



Borate



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Reproductive System



Low sperm count Dibromochloropropane Kepone











222  •  SIGNS AND SYMPTOMS



Hypocalcemia



Hypercalcemia



Carboxyhemoglobinemia



Anemia



Leukopenia,
Thrombocytopenia



Elevated LDH
GOT, GPT,
alkaline phosphatase,
ALT, AST enzymes



Depressed RBC
Acetylcholinesterase and



plasma
pseudocholinesterase



Hemolysis



Methemoglobinemia



Hypoprothrombinemia



Hyperkalemia



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Blood



Naphthalene
Sodium chlorate
Arsine



Sodium chlorate
Creosote



Coumarins
Indandiones



Sodium chlorate
Naphthalene
Arsine



Copper compounds
Cresol



Chlordimeform
Cyanide
Cresol
Copper
Arsine



Phosphorus
Phosphides
Carbon tetrachloride



Sodium fluoride



Fluoride



Cholecalciferol



Naphthalene
Sodium chlorate
Arsine
Inorganic arsenicals



Inorganic arsenicals



Carbon tetrachloride
Chloroform
Phosphine



Organosphosphates



Thallium
Phosphorus
Phosphides



Organotin compounds



Inorganic arsenicals
Phosphorus
Phosphides
Phosphine
Sodium chlorate
Nitrophenols
Pentachlorophenol
Thallium
Organochlorines
Chlorophenoxy compounds



Carbamate insecticides
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Symbols
1,2-dichloropropane ......................157
1,2-epoxyethane ............................158
1,3-dichloropropene ......................157
2-benzyl-4-chlorophenol ...............197
2-methyl-3, 6 dichlorobenzoic acid. 95
2,3,6-TBA ....................................119
2,4-D ............................. 94-95, 97-98
2,4-DB .......................................... 95
2,4-dichlorophenoxyacetic acid . 95, 98
2,4-dichlorophenoxybutyric acid .... 95
2,4-dichlorophenoxypropionic acid 95
2,4-DP ........................................... 95
2,4,5-T ..................................... 94-95
2,4,5-trichlorophenoxy acetic acid .. 95
4-Aminopyridine ........... 183-184, 194
4-tert-amylphenol .........................197
1080 ..............................................177
1081 ..............................................177



A
A7 Vapam ......................................140
Aaterra ..........................................152
Aatrex ...........................................121
Abate ............................................. 35
Abathion ........................................ 35
Abol ............................................... 49
Acaraben ........................................ 75
acaricides ................................. 74, 104
Acarstin .......................................... 75
Accelerate .....................................184
Accotab .........................................120
Accothion ...................................... 35
acephate ......................................... 35
acetamides .....................................119
Acrex ............................................105
Acricid ..........................................105
acrolein ................................. 156, 158
acrylonitrile ..... 156-157, 161, 163-165
Actellic ........................................... 35
Activol ........................................... 64
Actor ............................................109
Afalon ...........................................122
Aficida ........................................... 49
Afugan ........................................... 35
Agree ............................................. 64
Agri-Mycin 17 ............................... 65
Agritox .......................................... 35
Agrosan .........................................147
Agrothion ...................................... 35
Agtoxin .........................................158



Index of Pesticide Products
Akar ............................................... 75
alachlor .........................................119
Alanox ..........................................119
alcohols ................... 192-193, 196-197
aldehydes ........................ 158, 161, 197
aldicarb ..................................... 49, 50
aldrin ........................................ 55-57
Align .............................................. 64
alkyl phthalates .......................... 74-75
allethrin .................................... 76, 89
Allisan ...........................................138
Alon ..............................................122
Alphos ..........................................158
Altosid ........................................... 76
Amaze ............................................ 35
Ambox ..........................................105
Ambush ......................................... 77
Amerol ..........................................121
Ametrex ........................................121
ametryn.........................................121
Amex ............................................120
aminocarb ...................................... 49
4-Aminopyridine ........... 183-184, 194
aminotriazole ................................121
Amiral ...........................................152
amitrole .........................................121
Ammo ........................................... 76
anilazine ........................................152
anilides ..........................................119
Ansar 170 .............................. 127, 134
Ansar 8100 ............................ 127, 134
Anthio ........................................... 35
anticaking agents ................... 184, 193
Anticarie .......................................138
anticoagulant rodenticides .............. 5, 6
Antimilace .....................................184
Apache ........................................... 35
Apachlor ........................................ 35
Apex .............................................. 76
Aphox ............................................ 49
Apl-Luster .....................................152
aprocarb ......................................... 50
Aquabac ......................................... 64
Aquacide .......................................109
Aquathol ............................... 121, 184
Aquinite ........................................157
Arbotect ........................................152
Arelon ...........................................122
Aresin ...........................................122
Aretit ............................................105
Arrhenal ................................ 127, 134
Arsenal ..........................................120
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arsenic acid ............................ 127, 133
arsenic trioxide ............... 127, 129, 133
arsenical pesticides .. 126, 145, 147, 149
arsine gas ................. 126-127, 129, 132
Arsinyl .................................. 127, 134
Arsonate Liquid ..................... 128, 134
Aspon ............................................ 35
Aspor ............................................144
asulam ...........................................119
Asulox ...........................................119
Asuntol .......................................... 35
Atranex .........................................121
atrazine .........................................121
Aules .............................................140
Auton ............................................ 75
Avicol ...........................................138
Avitrol ...........................................184
Azac ..............................................119
Azadirachtin .............................. 63-64
Azar ..............................................119
Azatin ............................................ 64
azinphos-methyl ............................. 35
Azodrin .......................................... 35
Azofene.......................................... 35
Azolan ..........................................121
Azole ............................................121
Aztec ............................................. 35



B
Bacillus thuringiensis ................. 64, 72
Bactimos ........................................ 64
Bactospeine .................................... 64
Bactur ............................................ 64
Balan .............................................120
Balfin ............................................120
Banvel ..................................... 95, 119
Barricade ....................................... 76
Barrier ..........................................119
barthrin .......................................... 76
Basagran ........................................119
Basalin ...........................................120
Basanite .........................................105
Bash ............................................... 35
Batasan ..........................................149
Baygon ........................................... 50
Bayleton ........................................152
Bayrusil .......................................... 35
Baytex ............................................ 35
Baythion ........................................ 35
Baythroid ....................................... 76
Belmark ......................................... 77
bendiocarb ..................................... 49
Benefin .........................................120
Benex ...........................................152
benfluralin .....................................120



Benlate ..........................................152
benomyl ........................................152
bensulide ........................................ 35
bentazone ......................................119
benzalkonium chloride .......... 197-198
Benzamide ....................................119
benzene hexachloride ..................... 56
Benzilan ......................................... 75
Benzofuroline ................................. 77
Benzothiadiazinone dioxide ...........119
Benzyl benzoate ............................. 75
2-benzyl-4-chlorophenol ...............197
Berelex ........................................... 64
Betadine ........................................197
Betasan ........................................... 35
Bexton ..........................................119
Bidrin ............................................ 35
Bilevon .........................................197
binapacryl .....................................105
bioallethrin ..................................... 76
Biologicals ...................................... 63
biopermethrin ................................ 76
bioresmethrin ................................. 76
Birlane ........................................... 35
Black Leaf 40 ............................ 64-65
Bladafum ........................................ 35
Bladex ...........................................121
Bo-Ana .......................................... 35
Bolate ................................... 127, 134
Bolero ...........................................119
Bolls-Eye............................... 127, 134
Bollwhip ........................................ 64
Bolstar ............................................ 35
bomyl ............................................. 35
Bophy ................................... 127, 134
borates ...................................... 74-77
Borax ................................... 75-76, 90
Bordeaux Mixture .........................145
boric acid ............................. 74-76, 90
Brace .............................................. 35
Bravo ............................................138
Brestan ..........................................149
Brodan ........................................... 35
brodifacoum ................... 170-172, 181
bromacil ........................................122
bromadiolone ................................170
Bromofume ...................................157
Bromone .......................................170
bromophos ..................................... 35
bromophos-ethyl ............................ 35
Broot ............................................. 50
Bueno 6 ................................ 128, 134
bufencarb ....................................... 49
Busan 1020 ...................................140
butralin .........................................120
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butylate .........................................119
Bux ................................................ 49



C
cacodylic acid ........................ 127, 134
Cad-Trete .....................................150
Caddy ...........................................150
Cadminate ....................................150
cadmium chloride .........................150
cadmium compounds ............ 137, 150
cadmium succinate ........................150
cadmium sulfate ............................150
cadusafos ........................................ 35
Caid ..............................................170
Calar ..................................... 127, 135
calcium acid methane arsonate . 127, 135
calcium arsenate .................... 127, 134
calcium arsenite ..................... 127, 133
calcium cyanamide ........................184
calcium hypochlorite ............. 197, 200
Caldon ..........................................105
Caliber 90 .....................................121
CAMA.................................. 127, 135
Caparol .........................................121
Captaf ...........................................145
captafol .........................................145
captan ................................... 145, 154
Captanex .......................................145
Carbamate WDG ..........................140
carbamates .................. 5, 12-13, 49-50,



53, 69, 119, 140
Carbamult ...................................... 50
Carbanilates ...................................120
carbaryl ..................................... 49-50
carbofuran ................................. 48-50
carbon disulfide ................. 40, 156-158,



161-164
carbon tetrachloride ........ 157-158, 164,



167-168
carbophenothion ............................ 35
Carpene ........................................152
Carzol ............................................ 49
Casoron ........................................119
Castrix ..........................................177
cationic detergents .......... 197-198, 200
CCN52 .......................................... 76
Cekiuron.......................................122
Ceku C.B. .....................................138
Cekugib ......................................... 64
Cekumeta .....................................184
Cekuquat ......................................109
Celathion ....................................... 35
Celfume ........................................157
Celmide ........................................157
Ceresan .........................................147



cetrimide ........................ 197-198, 206
cetylpyridium chloride .......... 197-198
Chem Bam ...................................144
Chem-Fish ..................................... 64
Chemox General ...........................105
Chemox PE ..................................105
Chemsect DNBP ..........................105
Chemsect DNOC .........................105
Chermox PE .................................105
Chipco Thiram 75 .........................140
chlordane ............................. 55-57, 61
chlordecone ......................... 55-57, 62
chlordimeform ............... 74-75, 77-78
chlorethoxyfos ................................ 35
chlorfenvinphos .............................. 35
chlorhexidine ................. 197-199, 206
chlorimuron ..................................122
chlormephos .................................. 35
Chloro-IPC ..................................120
chlorobenzilate .... 56, 74-75, 78-79, 91
chloroform ............................ 156-157
chloroneb .............................. 138-139
chlorophacinone .................... 170, 181
Chlorophen ...................................100
chlorophenoxy herbicides .......... 94, 98
chloropicrin .......................... 156-157
chlorothalonil ................. 138-139, 154
chlorotoluron ................................122
chlorphoxim .................................. 35
chlorpropham ...............................120
chlorpyrifos ............................6, 35-36
chlorthaldimethyl ..........................121
chlorthiophos ................................. 35
cholecalciferol ....................... 179-180
Chrysron ........................................ 77
Ciodrin .......................................... 35
cismethrin ................................. 76, 89
Classic ...........................................122
cloethocarb .................................... 49
clomazone .....................................120
Clorto Caffaro ...............................138
Clortosip .......................................138
Clortran ........................................138
Co-Ral .......................................... 35
Co-Rax ........................................170
Cobex ...........................................120
Comite .......................................... 76
Command .....................................120
Compound 1080 ...........................177
Compound 1081 ...........................177
Contrac .........................................170
Contraven ...................................... 35
convulsants ....................................177
copper acetate ...............................145
copper acetoarsenite .............. 127, 133











226  •  INDEX OF PESTICIDES



copper ammonium carbonate ........145
copper arsenite



(acid copper arsenite) .............127
copper carbonate, basic ..................145
copper compounds ......... 137, 145-146
copper hydroxide ..........................145
copper lime dust ............................145
copper linoleate .............................145
copper oxychloride .......................145
copper potassium sulfide ................145
copper silicate ................................145
copper sulfate ................. 145-146, 155
Cotoran ........................................122
cottonex ........................................122
coumachlor ...................................170
coumafene ....................................170
coumaphos ..................................... 35
coumarins ............................. 169-171
coumatetralyl .................................170
Counter ......................................... 35
Cov-R-Tox ...................................170
Crab-E-Rad .......................... 127, 134
Crag Turf Fungicide ......................150
creosote .......................... 183-187, 194
cresol ....... 105, 185, 197, 202-203, 207
crimidine .............................. 177-178
Crisazina .......................................121
Crisfolatan .....................................145
Crisfuran ........................................ 49
Crisquat ........................................109
Crisuron........................................122
Crotothane ....................................105
crotoxyphos .................................... 35
crufomate ....................................... 35
Cryolite ............................... 75, 82, 85
Cuman ..........................................140
cupric oxide ..................................145
cuprous oxide ................................145
Curacron ........................................ 35
Curamil .......................................... 35
Curaterr ......................................... 49
Curitan .........................................152
cyanamide ............................. 184, 194
cyanazine ......................................121
cyanofenphos ................................. 35
cyanophos ...................................... 35
Cyanox .......................................... 35
Cybolt ............................................ 77
cycloate .........................................119
cycloheximide ....................... 152-153
Cyflee ............................................ 35
cyfluthrin ....................................... 76
Cygon ............................................ 35
cyhexatin ....................... 74-75, 79-80
Cylan ............................................. 35



Cymbush ....................................... 76
Cymperator .................................... 76
Cynoff ........................................... 76
Cyolane.......................................... 35
Cyperkill ........................................ 76
cypermethrin ............................ 76, 87
Cypona .......................................... 35
Cyrux ............................................ 76
cythioate ........................................ 35
Cythion ......................................... 35
Cytrolane ....................................... 35



D
2,4-D ............................. 94-95, 97-98
D-D92 ..........................................157
D-trans ........................................... 76
Dachthal .......................................121
Daconate 6 ............................ 128, 134
Daconil 2787 ................................138
Dailon ...........................................122
Dal-E-Rad ............................ 128, 134
Dalapon ........................................119
Danitol ........................................... 77
Dapacryl .......................................106
Dart ............................................... 76
Dasanit ........................................... 35
2,4-DB .......................................... 95
DBCP ..................................... 26, 157
DCNA..........................................138
DCPA ...........................................121
DDT ............................ 55-58, 79, 118
DDVP ............................................ 35
De-Fol-Ate ...................................184
De-Green....................................... 35
Decis .............................................. 77
DEET .................................. 80-82, 91
DEF ............................................... 35
DeFend .......................................... 35
Defol .............................................184
Deftor ...........................................122
Delnav ........................................... 35
DeltaDust ....................................... 77
DeltaGard ...................................... 77
deltamethrin .............................. 77, 89
Deltex ............................................ 77
demeton ......................................... 35
demeton-S-methyl ......................... 35
Demon .......................................... 77
Denarin.........................................152
Dermaadex ...................................197
Des-i-cate .....................................184
Design............................................ 64
desmetryn .....................................121
Dessin ...........................................105
Detamide ....................................... 75
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Dethdiet ........................................179
Dextrone .......................................109
Dexuron .......................................109
Di-allate ........................................119
Di-Tac .................................. 127, 134
Diacon ........................................... 76
dialifor ........................................... 35
diallate ..........................................119
Dianex ........................................... 76
Diaract ........................................... 76
diatomaceous earth ........................193
diazinon .................................... 35-36
Dibrom .......................................... 35
dibromochloropropane ..... 26, 157, 162
dibromoethane ..............................157
dibutylphthalate ......................... 74-75
dicamba................................... 95, 119
Dicarbam ....................................... 49
dichlobenil ....................................119
dichloroethane ..............................157
dichlorofenthion ........................ 35-36
2,4-dichlorophenoxyacetic acid .. 95, 98
2,4-dichlorophenoxybutyric acid ..... 95
2,4-dichlorophenoxypropionic acid . 95
1,2-dichloropropane ......................157
1,3-dichloropropene ......................157
dichloropropionic acid ...................119
dichlorprop ............................... 95, 98
dichlorvos ...................................... 35
dicloran ................................. 138-139
dicofol ....................................... 55-56
dicrotophos .................................... 35
Dicuran .........................................122
dieldrin ..................................... 55-57
Dieldrite ........................................ 56
dienochlor ...................................... 56
diethyltoluamide ............. 74-75, 80, 91
difenacoum ...................................170
diflubenzuron ............................ 76, 85
Difolatan .......................................145
Dilie ...................................... 127, 134
Dimecron ....................................... 35
dimefos .......................................... 35
dimephenthoate ............................. 35
dimetan .......................................... 49
Dimethan ....................................... 49
dimethoate ................................ 35, 37
dimethrin ....................................... 77
dimethyl phthalate ..................... 74, 75
Dimilin .......................................... 76
dinitramine ....................................120
Dinitro .................................. 105, 107
Dinitro General Dynamyte ............105
Dinitro Weed Killer 5 ....................105
Dinitro-3 ......................................105



dinitrocresol ..................................105
dinitrophenol ........................ 105-106
dinobuton .....................................105
dinocap ................................. 104-105
Dinofen ........................................105
dinopenton ...................................105
dinoprop .......................................105
dinosam ........................................105
dinoseb ................................. 105, 107
dinoseb acetate ..............................105
dinoseb methacrylate .....................105
dinosulfon .....................................106
dinoterb acetate .............................106
dinoterb salts .................................106
dinoterbon ....................................106
dioxacarb ........................................ 49
dioxathion ...................................... 35
Dipel .............................................. 64
diphacin ........................................170
diphacinone ..................................170
Dipher ..........................................144
Dipterex ......................................... 35
diquat .................... 11-12, 15, 108-116
Direx ............................................122
Dirimal .........................................120
disinfectants .................... 5-7, 196-199
disodium arsenate .................. 128, 133
disodium methane arsonate ... 127, 134
disulfoton ....................................... 35
Disyston ......................................... 35
ditalimfos ....................................... 35
Dithane .........................................144
Dithione ........................................ 35
Ditrac ............................................170
Diurex ..........................................122
Diuron ..........................................122
diuron ................................... 109, 122
DMA .................................... 127, 134
DMP ............................................. 75
DNAP ..........................................105
DNBP ..........................................105
DNC ............................................105
DNOC .........................................105
dodine ...........................................152
Dojyopicrin ...................................157
Dolochlor .....................................157
Dosaflo ..........................................122
Dotan ............................................. 35
2,4-DP ........................................... 95
DPA ..............................................119
DPX 1410...................................... 49
Dragnet .......................................... 77
Drawinol .......................................105
Draza ............................................. 49
Drexar 530 ............................ 128, 134
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Drop-Leaf .....................................184
DSE ..............................................144
DSMA .................................. 127, 134
Dual ..............................................119
Duraphos ....................................... 35
Duratox.......................................... 35
Dursban ......................................... 35
dusts ....................... 18, 66, 70, 90, 138,



140, 145, 147, 184, 192-193
Dycarb ........................................... 49
Dyclomec .....................................119
Dyfonate ........................................ 35
Dylox ............................................. 35
Dyrene ..........................................152



E
E 601 ............................................. 35
E-48............................................... 35
E-D-Bee .......................................157
E-Z-Off D ..................................... 35
E605 .............................................. 35
Earthcide .......................................138
Easy off-D ...................................... 35
EBDC compounds ........................144
Ebufos ............................................ 35
EDB .............................................157
EDC .............................................157
edifenphos ...................................... 35
Ekamet ........................................... 35
Ekatin ............................................ 35
Eksmin ........................................... 77
Elecron .......................................... 49
Elimite ........................................... 77
Elgetol 30......................................105
Elgetol 318 ....................................105
Emerald green ....................... 127, 133
Emisan 6 .......................................147
emulsifiers ............................. 184, 193
Endosan ........................................106
endosulfan ................................. 55, 56
endothall .. 121, 124, 184, 187-188, 195
Endothall Turf Herbicide ...............184
endothion ...................................... 35
endrin ....................................... 55-56
Entex ............................................. 35
EPBP ............................................. 35
EPN............................................... 35
1,2-epoxyethane ............................158
EPTC ...........................................119
Eradicane ......................................119
Esgram ..........................................109
ethalfluralin ...................................120
Ethanox ......................................... 35
Ethazol ..........................................152
ethion ............................................ 35



ethoprop ........................................ 35
ethyl parathion .......................... 35, 37
ethylene dibromide .... 157-158, 162, 167
ethylene dichloride ................ 157-158
ethylene oxide ....................... 156, 158
ETO .............................................158
etridiazole ............................. 152-153
etrimfos .......................................... 35
Etrofolan ........................................ 49
Eugenol ............................... 64-65, 72
Evik ..............................................121
Exofene.........................................197
Exotherm Termil ...........................138



F
Fac ................................................. 35
Fall ................................................184
Famarin.........................................170
Famfos ........................................... 35
Famid ............................................. 49
famphur ......................................... 35
Far-go ...........................................119
fenamiphos ..................................... 35
Fenchlorphos ................................. 35
fenitrothion .................................... 35
Fenkill ............................................ 77
fenophosphon ................................ 35
fenothrin ........................................ 77
fenoxycarb ..................................... 49
fenpropanate ................................... 77
Fenpropar ....................................... 76
fenpropathrin ................................. 77
fensulfothion .................................. 35
fenthion .................................... 35, 37
fentin acetate .................................149
fentin chloride ...............................149
fentin hydroxide ............................149
fenvalerate ...................... 77, 87, 89, 91
ferbam................................... 140, 143
Ferberk .........................................140
Fermide 850 ..................................140
Fernasan ........................................140
Fernos ............................................ 49
Ficam ............................................. 49
Flectron.......................................... 77
fluchloralin ....................................120
flucythrinate .............................. 77, 87
Fluent ............................................ 77
flumeturon ....................................122
fluorides .............................. 74, 82, 85
fluoroacetamide ..................... 169, 177
fluvalinate ............................. 77, 87-89
FMC 9044 ....................................106
Folbex ............................................ 75
Folcord .......................................... 77
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Folex .............................................. 35
Folosan ..........................................138
Folpan ...........................................145
folpet ............................................145
Foltaf .............................................145
fonofos ........................................... 35
formaldehyde ......... 156, 158, 168, 197
formetanate hydrochloride ............. 49
formothion .................................... 35
Fortress .......................................... 35
Fortrol ...........................................121
fosamine ........................................120
fosthietan ....................................... 35
French green ......................... 127, 133
Frunax-DS ....................................170
Fumex ..........................................158
fumigants ................. 82, 141, 156, 162,



164, 174, 176, 197
Fumitoxin .....................................158
fungicides ................... 55, 79, 104, 137,



143-150, 152-154, 156
Funginex .......................................152
Fungitrol II ...................................145
Furadan .......................................... 49
furethrin ......................................... 77
Futura ............................................ 64



G
G 28029 ......................................... 35
GA



3
........................................................................... 64-65



Gallotox ........................................147
gamma BHC or HCH ................... 56
Gamophen ....................................197
Gardona ......................................... 35
Gardoprim ....................................121
Garlon...........................................120
Gebutox ........................................105
Gesafram 50 ..................................121
Gesagard .......................................121
Gesapax .........................................121
Gesatop .........................................121
gibberellic Acid ......................... 64-65
Gibberellin ................................ 64-65
Gibrel ............................................. 64
glutaraldehyde .................... 6, 197-198
Glycophene ...................................152
Glyfonox .......................................120
Glyphosate ....................................... 6
glyphosate .....................................120
Gnatrol ........................................... 64
Go-Go-San ...................................120
Goldquat .......................................109
Gramocil .......................................109
Gramonol .....................................109
Gramoxone ...................................109



gramoxone ....................................116
Gramuron .....................................109
granular formulations ....................192
Granurex .......................................122
Grocel ............................................ 64
Gusathion ...................................... 35
Guthion ......................................... 35
Gypsine ................................. 127, 134



H
Haipen ..........................................145
Halizan ..........................................184
haloaromatic substituted ureas ......... 85
halocarbon fumigants ............ 156-157,



159, 162
Hanane .......................................... 35
Havoc ...........................................170
HCB ..................................... 138-139
HCH ............................................. 56
Hel-Fire ........................................105
Helothion ...................................... 35
heptachlor ................................. 55-57
heptenophos ................................... 35
Herald ............................................ 77
Herbi-All .............................. 128, 134
Herbicide 273 ...............................184
Herbodox......................................120
hexachlor ....................................... 56
hexachloran .................................... 56
hexachlorobenzene ....... 55-56, 61, 103,



137-139, 154
hexachlorophene ..... 197, 202-204, 207
Hexadrin ........................................ 56
Hexaferb .......................................140
Hexathane .....................................144
Hexathir ........................................140
Hexazir .........................................140
Hi-Yield Dessicant H-10 ....... 127, 133
Hibiclens ............................... 197, 206
Hibistat .........................................197
hiometon ....................................... 35
Hoe 002784 ..................................106
hosalone ......................................... 35
Hostaquick ..................................... 35
Hostathion ..................................... 35
hydrocyanic acid ............................157
hydrogen cyanide .... 156-158, 163-165
Hydrothol .....................................184
hypochlorites ........................ 197, 200
Hyvar ............................................122



I
IBP ................................................ 35
imazapyr ........................................120
Imidan ........................................... 35
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indandiones ........................... 169-171
inorganic copper compounds .........145
Iodines ..........................................197
iodofenphos ................................... 35
Ioprep ...........................................197
IP50 ..............................................122
iprodione .............................. 152-153
isazofos ........................................... 35
isofenphos ...................................... 35
isolan ............................................. 49
Isopestox ........................................ 35
isoprocarb ...................................... 49
isopropanol .................... 184, 192, 196
isopropyl alcohol .......80, 196-197, 206
isoproturon....................................122
isoxathion....................................... 35
isoxazolidinone ..............................120



J
Jones Ant Killer ..................... 128, 133



K
Kabat ............................................. 76
Kack ..................................... 127, 134
Kafil ............................................... 77
KafilSuper ...................................... 77
Karathane ......................................105
Karbation ......................................140
Karmex .........................................122
Karphos ......................................... 35
Kayafume ......................................157
Kelthane ......................................... 56
Kepone ..................................... 56, 62
Kerb ..............................................119
Kiloseb ..........................................105
Kitazin ........................................... 35
Klerat ............................................170
Knockmate ...................................140
Koban ...........................................152
Kobu .............................................138
Kobutol .........................................138
Kopfume .......................................157
Korlan ............................................ 35
Krenite ..........................................120
Kromad .........................................150
Kryocide ........................................ 75
Kusatol ..........................................184
Kwell ............................. 55-56, 61-62
Kypfarin ........................................170
Kypman 80 ...................................144
Kypzin ..........................................144



L
Lance ............................................. 49
Landrin .......................................... 50



Lannate .......................................... 49
Lanox ............................................. 49
Larvacide .......................................157
Larvin ............................................ 50
Lasso .............................................119
Lead arsenate .................................134
lead arsenate ..................................127
Leafex ...........................................184
lenacil ...........................................122
leptophos ....................................... 35
Lescosan ......................................... 35
Lexone ..........................................121
lindane .................... 55-58, 61-62, 138
Linex ............................................122
Linorox .........................................122
Linurex .........................................122
linuron ..........................................122
Liphadione ....................................170
Liqua-Tox .....................................170
London purple ...................... 127, 133
Lorox ............................................122
Lorsban .......................................... 35
Lysol .............................. 185, 197, 207



M
M-Diphar .....................................144
MAA .................................... 127, 134
Magnacide B .................................158
Magnacide H ................................158
Maki .............................................170
malathion ............................ 35, 37, 47
MAMA ................................. 127, 134
mancozeb ......................................144
Mancozin ......................................144
maneb ................................... 144, 154
Maneba .........................................144
Manex ..........................................144
Manex 80 ......................................144
manzeb .........................................144
Manzin .........................................144
Maposol ........................................140
Marlate ...................................... 55-56
Matacil ........................................... 49
Mattch ........................................... 64
MCPA ...................................... 95, 98
MCPB ........................................... 95
MCPP ........................................... 95
MeBr ............................................157
mecoprop ............................. 95, 97-98
Melprex ........................................152
MEMA .........................................147
MEMC .........................................147
Meothrin ....................................... 77
mephosfolan ................................... 35
Mercuram .....................................140
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mercurials ............... 148-149, 197, 202
mercurobutol ................................197
mercurochrome .............................197
Merge 823 ............................ 128, 134
Merpafol .......................................145
Merpan .........................................145
merphos ......................................... 35
Mertect .........................................152
merthiolate ....................................197
Mesamate .............................. 128, 134
Mesurol .......................................... 49
Metadelphene ................................ 75
metalaxyl ............................... 152-153
metaldehyde ............ 184, 188-189, 195
metalkamate ................................... 49
Metam-Fluid BASF .......................140
metam-sodium ...................... 140-141
Metaran ......................................... 75
Metason ........................................184
Metasystox-R ................................. 35
Metasystox-S .................................. 35
MetasystoxI .................................... 35
Meth-O-Gas .................................157
methabenzthiazuron ......................122
methamidophos .............................. 35
methane arsonic acid ............. 127, 134
methanol ........................ 184, 192, 196
Methar 30 ............................. 127, 134
methidathion .................................. 35
methomyl ....................................... 49
methoprene ......................... 74, 76, 86
methoxychlor ................................. 56
methoxyethyl mercury acetate ......... 147
methoxyethyl mercury chloride ....... 147
methoxyethyl mercury compounds .. 147
methyl bromide ............... 156-157, 159,



161-163, 168
2-methyl-3, 6 dichlorobenzoic acid ... 95
methyl mercury acetate .................147
methyl mercury compounds ..........147
methyl naphthalenes ......................193
methyl parathion .................. 35-37, 46
methyl trithion ............................... 35
methylene chloride . 157, 159, 161, 168
metobromuron ..............................122
metolachlor ...................................119
metoxuron ....................................122
metribuzin ....................................121
mevinphos...................................... 35
mexacarbate ................................... 49
Mezene .........................................140
MGK ............................................. 75
Micromite ...................................... 76
Microzul .......................................170
Mightikill ....................................... 76



Miller 531 .....................................150
Milo-Pro .......................................121
Minex ............................................ 76
mipafox .......................................... 35
MIPC ............................................ 49
Miral .............................................. 35
mirex ........................................ 55-57
Mitis green ............................ 127, 133
Mocap ........................................... 35
Monitor ......................................... 35
mono-calcium arsenite .......... 127, 133
monoammonium methane



arsonate ......................... 127, 134
monocrotophos .............................. 35
monolinuron ......................... 109, 122
monosodium methane



arsonate ......................... 127, 134
monuron .......................................122
Morrocid ......................................106
MSMA.................................. 127, 134
Multamat ....................................... 49
Muritan ........................................179
Muskol ........................................... 75
Mycodifol .....................................145



N
N-2790 .......................................... 35
n-methyl carbamates ................. 48-51,



53, 140, 191
nabam ...........................................144
naled .............................................. 35
Namekil ........................................184
naphthalene ....... 66, 156-157, 159-162,



164, 168, 193
naphthenate...................................145
naramycin .....................................152
Neburex ........................................122
neburon ........................................122
Neemazad ...................................... 64
Neemazal ....................................... 64
Neemix .......................................... 64
Neguvon ........................................ 35
Nem-A-Tak ................................... 35
Nemacur ........................................ 35
Nemafume ....................................157
Nemanax ......................................157
Nemaset ........................................157
Nemasol ........................................140
Nemispor ......................................144
Neopynamin .................................. 78
Nephis ..........................................157
Nexagan ......................................... 35
Nexion .......................................... 35
NIA 9044 .....................................106
Nico Soap ...................................... 64
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nicotine .......................... 63-67, 72-73
Niomil ........................................... 49
Nitrador ........................................105
nitrocresolic herbicides .......... 104-105
nitrolime .......................................184
nitromersol ....................................197
nitrophenolic herbicides . 104-105, 118
Nitropone C .................................105
Nix ................................................ 77
No Bunt .......................................138
Nomersam ....................................140
Nomolt .......................................... 76
Novodor ........................................ 64
Noxfire .......................................... 64
Noxfish .......................................... 64
NRDC 149 ................................... 77
Nudrin ........................................... 49
Nusyn-Foxfish ................................ 64
Nuvanol-N .................................... 35



O
o-phenylphenol .............................197
Off! ........................................... 75, 80
Oftanol .......................................... 35
Ofunack ......................................... 35
oleate .................................... 145, 193
Omite ....................................... 76, 91
OMPA ........................................... 35
organic copper compounds ............146
organochlorines ................ 5, 13, 55-59
organomercury compounds .......... 137,



147, 202
organophosphates .... 5-6, 12-13, 34-37,



39-40, 42, 44-45,
48, 50, 69



organotin compounds ........ 79, 80, 137,
149-150



Ornamite ....................................... 76
Orthene ......................................... 35
Ortho Diquat ................................109
Orthocide .....................................145
oryzalin .........................................120
Oust ..............................................122
Outflank ........................................ 77
Oxadiazolinone .............................120
oxadiazon ......................................120
oxamyl ........................................... 49
oxirane ..........................................158
Oxotin ........................................... 75
oxydemeton-methyl ....................... 35
oxydeprofos .................................... 35



P
Panogen ........................................147
Panogen M....................................147



Pansoil ..........................................152
Para-col .........................................109
paradichlorobenzene ....... 157, 160, 162
paraformaldehyde .................. 156, 158
paraquat ................ 11-12, 15, 107-117
Parathion ................................... 35, 46
Paris green ..................... 127, 133, 145
Parzate ..........................................144
Parzate C ......................................144
Pathclear .......................................109
Pattonex ........................................122
Paushamycin, Tech. ......................... 65
Payoff ............................................. 77
PCNB................................... 138-139
PCP ................................. 99, 100-102
PEBC ...........................................119
pebulate ........................................119
Penchlorol .....................................100
pendimethalin ...............................120
penetrants ....................... 118, 184, 193
Pennant .........................................119
Penncap-M .................................... 35
Penncozeb .....................................144
Pennstyl ......................................... 75
Penta .............................................100
Pentac ............................................ 56
pentachloronitrobenzene ....... 138-139
pentachlorophenol ............ 99, 103-104,



106, 139
Pentacon .......................................100
Pentagen .......................................138
Penwar ..........................................100
Peridex..........................................197
Permasect ....................................... 77
permethrin ........................... 77, 87-88
Perthrine ........................................ 77
Pestox XIV..................................... 35
Pestox XV ...................................... 35
petroleum distillates .......... 68, 192, 194
Phaltan ..........................................145
Pharmadine ...................................197
Pharorid ......................................... 76
phencapton .................................... 35
phenol(s) ......... 5-6, 40, 50, 65, 99, 185,



187, 195, 197, 202-203
Phenostat-A ..................................149
Phenthoate ..................................... 35
phenthoate ..................................... 35
Phentinoacetate .............................149
phenyl salicylate ............................145
phenylmercuric acetate ..................197
phenylmercuric nitrate ..................197
phenylphenol ................................197
Phisohex .......................................197
Phorate .......................................... 87
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phorate ...................................... 35, 87
phosalone ............................. 35-36, 46
Phosdrin ........................................ 35
phosfolan........................................ 35
phosmet ......................................... 35
phosphamidon ................................ 35
phosphine .............. 156, 158, 160-161,



163-165, 169, 174, 176, 181
phostebupirim ................................ 35
Phostoxin ......................................158
phostoxin ......................................160
Phosvel .......................................... 35
Phosvin .........................................173
phoxim .......................................... 35
phthalthrin ..................................... 77
Phytar 560 ............................. 127, 134
Pic-Clor ........................................157
picloram ........................................121
pindone .........................................170
pine oil ............. 5-6, 196-197, 205, 207
Pinene ...........................................121
pinene ...........................................205
piperonyl butoxide ........ 68-70, 184, 191
pirimicarb ...................................... 49
pirimiphos-ethyl ............................. 35
pirimiphos-methyl .......................... 35
Pirimor .......................................... 49
pival ..............................................170
pivaldione .....................................170
pivalyn ..........................................170
Plantomycin ................................... 65
Plictran .......................................... 75
PMAA ..........................................147
Poast .............................................120
Polybor 3 ....................................... 75
Polyram-Ultra ...............................140
Polytrin .......................................... 77
Pomarsol forte ...............................140
Pounce ........................................... 77
povidone-iodine ...... 197, 201-202, 207
Pramex........................................... 77
Pramitol 25E .................................121
Prebane .........................................121
Precor ............................................ 76
Preeglone ......................................109
Preglone ........................................109
Premerge 3 ....................................105
Prenfish .......................................... 64
Primatol ........................................121
Primatol M ...................................121
Primicid ......................................... 35
Primin ........................................... 49
Princep .........................................121
Pro-Gibb ........................................ 64
Pro-Gibb Plus ................................ 64



Proban ........................................... 35
Prodalumnol Double ............. 128, 133
Prodan ........................................... 75
profenofos ...................................... 35
profluralin .....................................120
Prokil ............................................. 75
Prolate ............................................ 35
Prolex ...........................................119
promecarb ...................................... 50
prometon ......................................121
Prometrex .....................................121
prometryn .....................................121
pronamide .....................................119
propachlor .....................................119
Propanex .......................................119
propanil .........................................119
propargite ......................... 6, 74, 85-86
propazine ......................................121
propetamphos ................................. 35
propionate .....................................147
propoxur ........................................ 50
propyl thiopyrophosphate ............... 35
propylene dichloride .....................157
prothoate ........................................ 35
Prowl ............................................120
Proxol ............................................ 35
Prozinex ........................................121
prussic acid ....................................157
Purivel ..........................................122
Pynamin ......................................... 76
Pynosect ......................................... 77
pyrazophos ..................................... 35
pyrethrins .............. 5-6, 68-69, 87, 191
pyrethroids ......... 5-6, 68, 74, 76, 87-88
pyrethrum ............................ 68-69, 73
pyridaphenthion ............................. 35



Q
Quickfos .......................................158
Quilan ..........................................120
quinalphos ...................................... 35
quinolinolate ......................... 145, 147
Quintox ........................................179
quintozene ....................................138



R
Rabon............................................ 35
Racumin .......................................170
Rad-E-Cate 25 ..................... 127, 134
Ramik...........................................170
Rampage.......................................179
Rampart ......................................... 35
Ramrod ........................................119
Ramucide .....................................170
Rapid ...................................... 49, 194
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Rapier ...........................................119
Ratak ............................................170
Ratak Plus .....................................170
Ratomet ........................................170
Raviac ...........................................170
RAX.............................................170
red squill .......................................179
Reglone ........................................109
Regulex ......................................... 64
repellents ............................... 5, 74, 91
resinate ..........................................145
resmethrin ...................................... 77
Revenge ........................................119
Ridall-Zinc ...................................173
Ridomil ........................................152
Ripcord ......................................... 77
Riselect .........................................119
Ro-Neet .......................................119
rodenticides .................... 5-6, 169, 171,



173-174, 177, 179
Rodine .........................................179
Rody ............................................. 77
ronnel ............................................ 35
Ronstar .........................................120
Rotacide ........................................ 65
rotenone ................................... 64, 70
Rotenone Solution FK-11 ............. 65
Roundup ......................................120
Rovral ...........................................152
Rozol ............................................170
Ruelene ......................................... 35
Rugby ............................................ 35



S
S-Seven .......................................... 35
sabadilla ............................... 63, 65, 71
safeners ................................. 184, 193
Safrotin .......................................... 35
Safsan ............................................. 75
SAGA ............................................ 78
Salvo ..................................... 127, 134
Sanifume .......................................158
Sanspor .........................................145
Saprol ............................................152
Sarclex ..........................................122
Saturn ...........................................119
schradan ......................................... 35
Schweinfurt green ................. 127, 133
Selinon ..........................................105
Semeron ........................................121
Sencor ...........................................121
Sencoral ........................................121
Sencorex .......................................121
sethoxydim ....................................120
Setrete ...........................................147



Sevin .............................................. 49
Shaphos .........................................158
Shimmer-ex ..................................147
siduron ..........................................122
simazine ................................ 109, 121
Sinbar ...........................................122
Sinituho ........................................100
Sinox ............................................105
Siperin ........................................... 77
Skeetal ........................................... 64
Skeeter Beater ................................ 75
Skeeter Cheater .............................. 75
Skintastic for Kids .......................... 75
Snox General ................................105
Sobrom 98 ....................................157
Sodanit .................................. 128, 133
Sodar .................................... 127, 134
sodium arsenate ..................... 128, 133
sodium arsenite ..................... 128, 133
sodium cacodylate ................. 127, 134
sodium chlorate ..................... 183-184,



189-190, 195
sodium fluoaluminate .......... 75, 82, 85
sodium fluoride .................... 75, 82-83
sodium fluoroacetate .....................177
sodium fluosilicate ................ 75, 82-83
sodium hypochlorite .......... 6, 197, 206
sodium polyborates ......................... 75
sodium silico fluoride ................ 75, 82
sodium tetraborate decahydrate ....... 75
Sok-Bt ........................................... 64
Solasan 500 ...................................140
solvents and adjuvants ............ 183, 192
Sometam .......................................140
Sonalan .........................................120
Soprabel ................................ 127, 134
Sopranebe .....................................144
Spike .............................................122
Spotrete WP 75 .............................140
Spotrete-F .....................................140
Spra-cal ................................. 127, 134
Spring Bak ....................................144
Sprout-Nip ...................................120
Stam..............................................119
Stampede ......................................119
stickers and spreaders ............. 184, 193
Stomp ...........................................120
streptomycin.............................. 65, 72
Strobane ......................................... 56
strychnine ............... 169, 177-178, 182
Subdue ..........................................152
Subitex ..........................................105
substituted benzenes ................ 137-138,



144-145, 154
Sulerex ..........................................122
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I. EXECUTIVE SUMMARY



The draft “Water Quality Control Policy for Developing California’s Clean Water Act Section 303(d) List” (“Draft Policy” or the “Policy”) is a dangerously flawed document that requires significant changes to comport with sound technical, policy and legal rules and requirements.  Prepared by a coalition of California’s leading environmental organizations that collectively represent more than 200,000 Californians, the following comments detail these flaws.   These comments reflect the work of more than half a dozen scientists, statisticians and other experts who collectively have decades of experience in water quality and statistics.  



Taken as a whole, the comments show that the State Water Resources Control Board (SWRCB) is being asked essentially to leap blindly from a precipice, taking the State of California on an unwise and illegal excursion that violates common sense, basic state and federal legal prescriptions, and fundamental scientific principles.   The Draft Policy is opposed by essentially every key, non-discharger stakeholder in California, including those to whom deference is expected:  U.S. EPA and the Regional Water Quality Control Boards (Regional Boards), who will be expected to implement this flawed directive.   We, EPA (whose comments we attach) and the Regional Boards have pointed out a wide array of fundamental flaws with the Draft Policy, including the following:



· Typifying its approach, the Draft Policy first and foremost conspicuously fails to include “water quality protection” as one of its goals.



· The Draft Policy ignores the Legislature’s express requirement that it utilize a “weight of evidence” approach, instead illegally substituting a far higher bar that has the effect of not listing numerous impaired waters.



· The Draft Policy is up to almost nearly 400 times more likely to fail to identify an actually impaired water than to accidentally list a “clean” water, an embedded bias that is flatly inconsistent with the Clean Water Act’s intention that Section 303(d) serve as the Act’s “safety net.”



· The Draft Policy will almost certainly degrade water quality in California by admittedly removing waters now identified as impaired from the Section 303(d) List and reclassifying them as “clean” through statistical gymnastics. Yet, the Policy has been prepared without Clean Water Act anti-degradation analysis and is, in fact, inconsistent with this basic CWA provision.



· The Draft Policy is a recidivist violator of various “black letter” legal principles, including:



· the statutory and regulatory mandate to implement, not alter, water quality standards through the TMDL program;



· the statutory mandate to list “threatened waters”’



· the statutory mandate to list and develop TMDLs for all waters for which water quality standards will not be met, without regard to whether particular “pollutants” or “pollution” are at fault;



· the regulatory mandate to consider all “readily available” information; and



· the statutory mandate to complete TMDLs for all impaired waters, regardless  of whether “enforceable programs” exist that relate to the impairment.



· The Draft Policy ignores state law, including CEQA, by failing to identify environmental impacts associated with its proposal to redefine impaired waters as “clean” and deny these waters and those who use them the protective benefits of the TMDL program.



· The Draft Policy’s binomial model is too restrictive to consider many common and legitimate referents of impairment, including spatial distribution, ocular and other semi-quantitative information, and relative degrees of WQS violations.



· The “alternative” listing method does not, as the Draft Policy promises, actually offer reasonable flexibility and professional judgment; instead, it offers the Regional Boards a straightjacket methodology that fails to backstop the flaws in the Policy’s primary statistical approach.



· The Functional Equivalent Document and actual Draft Policy differ in a number of key respects, creating significant confusion over what the Board intends the “real” policy to be (and thus creating logistical implementation nightmares).



· The U.S. EPA and the Regional Boards oppose the Draft Policy, and EPA has informed California that the proposal virtually guarantees that EPA will reject numerous elements of California’s Section 303(d) list.  Hence, the Policy, if adopted, will create a “train wreck” scenario in which California will invest millions of dollars in a listing process with no chance that EPA will accept it.  In this regard, the Policy would constitute a clear and present waste of fiscal resources.



In these ways and more, the Draft Policy requires a thorough revision in order to be consistent with state and federal law, including its implementing legislation at Water Code § 13191.3.  Toward this end, environmental advocates have prepared precise suggestions that would result in an acceptable Policy.  Key attributes of the suggested approach include the following:



· Modify the SWRCB’s preferred statistical model approach, making baseline assumptions that are more consistent with the letter and intent of the Clean Water Act and emphasizing the statistical model’s role as a filter only, to be supported by a meaningful weight of evidence approach as a backstop.



· Recognize explicitly that any binomial approach has clear limits that require that it be inapplicable to certain pollutants, such as biologics and toxics.



· Allow best professional judgment to be exercised to a greater degree in a defined weight of evidence approach by creating sufficiently broad but clear guidance for its use.



· Permit all existing and readily available data and information to be considered in listing decisions, with data validity and quality acting as a secondary consideration rather than as an exclusion.



· Clarify and improve key rules and procedures governing interpretation of narrative water quality standards, sediment toxicity, recreational uses, bacteria, nutrients, and other matters, to comply with both legal and technical requirements and fundamentals.



The Environmental Caucus, as well as EPA and the Regional Boards, have raised these concerns repeatedly to the Board since early last year.  Unfortunately, virtually all of our major concerns remain unaddressed.  We urge the Board to reject this flawed Policy and adopt instead the specific suggestions contained in these comments.



II. BACKGROUND



A. Law



1. The TMDL Program is the Clean Water Act’s Safety “Net”


Stripped of technicalities, Section 303(d) represents the Clean Water Act’s “safety net.”
  It is the bedrock component of the Clean Water Act, the requirement that all waters be restored so that they are safe for fishing and swimming, and meet all other water quality standards.
  As U.S. EPA Assistant Administrator for Water Robert Perciasepe noted five years ago:



Almost twenty-five years after the passage of the [Clean Water Act], the national water program is at a defining moment . . . .  The [Total Maximum Daily Load (TMDL)] program is crucial to success because it brings rigor, accountability, and statutory authority to the process.



TMDLs are “the maximum amount of pollutants a water body can receive daily without violating the state’s water quality standard.”
  Specifically, Section 303(d) requires the states to identify, and U.S. EPA independently to review and assess, those waters within their boundaries for which existing technology-based pollution controls are not stringent enough to ensure that the water quality standards (“WQSs”) applicable to such waters are achieved and maintained.
  Because Congress made clear that TMDLs must be calculated not only for waters that do not meet water quality standard, but also those that are not expected to meet those standards, it is clear that “threatened” waters must also be listed.
  


The resulting list is called the “303(d) list.”  For each water body and type of pollution listed on a 303(d) list, the state must calculate the total maximum daily load (or “TMDL”) necessary to implement the applicable WQS.
  In simple terms, then, each TMDL defines the maximum amount of a type of pollution (e.g., oil or grease) that an individual water body can assimilate in a day without violating its WQSs (i.e., without becoming “dirty”).  Once a TMDL is calculated for a water body and pollutant, any allowable pollution is allocated among the various dischargers of that pollutant to the water body for which the TMDL has been established.
  



2. The Consequences for Listing Unimpaired Waters Are Insignificant



Legal developments in California in recent years have essentially eliminated any negative consequence of a mistaken listing (i.e., including a “clean” water on the 303(d) list).  Prior to 2001, dischargers mentioned two concerns prominently:  the presumption that listing equates to a permit finding of no assimilative capacity and the inclusion of alternative final effluent limits in permits based on the mere fact of a listing.  However, the Board’s order in Order WQ 2001 – 06 (“Tosco”) addressed those implications.
   As a result, given the undisputed fact that Section 303(d) functions as the last effective regulatory approach to remedying threatened or impaired waters, it is clear that the implications of not listing an actually impaired waterway are far more severe than those attendant to any improper listing of a non-impaired waterway.



3. The Listing Regulation Must Be Consistent with the Mandate of Section 303(d) and the Policy Choices Embodied Therein



Any regulation or policy, including this 303(d) Listing Policy, must be consistent with the mandate of its enabling statute, in this case, Section 303(d) of the Clean Water Act.
  Importantly, “in reviewing an agency’s statutory construction, [courts] must reject those constructions that are contrary to clear congressional intent or frustrate the policy that Congress sought to implement.”  Brower v. Evans, 257 F.3d 1058, 1065; Bureau of Alcohol, Tobacco and Firearms 464 U.S. at 97 (stating that courts must not “rubber-stamp . . . administrative decisions they deem inconsistent with a statutory mandate or that frustrate the congressional policy underlying the statute.”)  




The current draft of the Listing Policy is inconsistent with both the clear mandate of Section 303(d) and Congressional policy and intent underlying Section 303(d) in a number of ways.  For example, as discussed further herein, the Listing Policy’s binomial approach fails to accurately assess impaired water bodies.  Thus, the listing policy’s binomial approach is contrary to Section 303(d)’s clear mandate to identify waters in California where effluent limitations are not stringent enough to implement any water quality standards.
  Additionally, the Listing Policy frustrates not only the letter of the law but broader Congressional policy and intent in enacting Section 303(d).  For example, as is broadly accepted, Section 303(d) represents the Clean Water Act’s “safety net.”
  It is the bedrock component of the Clean Water Act, enacted 30 years ago, that all waters be restored so that they are safe for swimming, and meet all other water quality standards.
  Yet not only does the binomial model failure to assure that these standards are met in impaired waters, it also fails to account for “threatened” waters (waters not expected to meet water quality standards) as required by the text of Section 303(d) and implementing regulations.
 



B. Facts



According to the SWRCB’s 2002 303(d) list summary tables, 685 waters in the state are listed as “impaired,” with 1883 water body/pollutant combinations represented.  These waters represent a significant amount of the state’s limited supply of water, but unfortunately because of limited monitoring dollars it is likely that they represent only a fraction of the waters that could be impaired.  According to the state’s 2002 305(b) report, for example, only 22% of the state’s coastal shoreline miles, 34% of its lakes and reservoirs, and 15% of its rivers and streams are monitored; there is no information at all on the percentage of the state’s other water bodies that are monitored.  Given that we have found so many waters impaired with the limited information that we have, it seems to follow that we could expect a number of additional listings if an appropriate level of monitoring is performed in the state.



			WATER BODY TYPE


			TOTAL WATER BODIES LISTED 


			TOTAL ESTIMATED SIZE AFFECTED


			UNIT





			Bays and Harbors


			43


			456338


			acres





			Coastal Shorelines


			97


			119


			miles





			Estuaries


			36


			99857


			acres





			Lakes/ Reservoirs


			68


			255465


			acres





			Rivers/Streams


			430


			26545


			miles





			Saline Lakes


			3


			291761


			acres





			Wetlands, Tidal


			4


			66672


			acres





			Wetlands, Freshwater


			4


			73598


			acres








The 2002 303(d) list tables indicate that approximately 800 TMDLs are left to be done on this list.  However, according to the 2002 305(b) report, only 18 have been adopted by the SWRCB to date, and only nine completed TMDLs currently await adoption by the SWRCB, OAL or EPA.  Clearly, the state must move forward far more expeditiously to address this problem.  However, rather than support a strong effort to identify and clean up both impaired and threatened waters (thus avoiding future impairments), the Draft Policy appears to take the approach of pretending there is not a problem to begin with by making it artificially difficult to list impaired waters, and by avoiding threatened waters altogether.



III. THE STATE SHOULD TAKE A PRECAUTIONARY APPROACH TO LISTING AND DELISTING



The Precautionary Principle is embodied in Principle 15, adopted at the 1992 United Nations Conference on Environment and Development in Rio de Janeiro:



Where there are threats of serious or irreversible damage, lack of full scientific certainty shall not be used as a reason for postponing cost-effective measures to prevent environmental degradation.


 



In short, the Precautionary Principle is a sophisticated way of expressing euphemisms that have always guided our day-to-day lives: “err on the side of caution,” “safety first!” and “an ounce of prevention is worth a pound of cure.”  It is the common sense logic of the Precautionary Principle that gives it its intuitive appeal, and makes opponents of the Precautionary Principle most uncomfortable.  “For too long the ‘common sense’ appeal of the [Precautionary Principle] has gone unopposed,” according to a memorandum written on behalf of the American Chemistry Council (formerly the Chemical Manufacturers Association) that proposes a campaign to stigmatize the principle.
  It is no wonder that the Precautionary Principle makes some members of the regulated community nervous – its application would prevent reverse the burden of proof, prohibiting potentially dangerous practices until it is demonstrated that environmental exposures resulting from these practices are not harmful.  Such a demonstration would be difficult since the evidence shows that the rates of diseases linked to environmental exposures have risen dramatically in the past few decades.
  



We can think of few policy decisions where it is more critical to employ the precautionary principal than those the Draft Policy is designed to facilitate:  the listing of impaired water bodies.  The Section 303(d) programs are our last line of defense in the protection of our waterways, applied only after other Clean Water Act provisions have failed.
  As such, it is all the more important that these programs ensure that all impaired waterways are identified; the consequences of missing them include threats to human health and aquatic life, and if impaired water bodies are ignored by the 303(d) program, they are ignored altogether.



At bottom, the Precautionary Principle is about dealing with uncertainty.  Uncertainty in science – as in life – is pervasive; the elimination of scientific uncertainty is impossible.
  This is the very reason the Precautionary Principle came into being in both its technical and euphemistic forms; it expresses the “safe” way of handling this uncertainty.  However, the Draft Policy is replete with provisions that favor tolerance of environmental risk.  In an effort to reduce the potential for alleged and unsupported economic outlays, the Draft Policy takes an anti-precautionary approach, requiring the demonstration to a high level of certainty that harm is occurring before taking action.  The Draft Policy, in essence, is using the lack of scientific certainty related to impairment as an excuse for inaction: exactly what the Precautionary Principle proscribes.



Scientific uncertainty has been used by polluters and regulators as a rationale for inaction for decades.  These polluters and regulators take advantage of scientific uncertainty by interpreting a scientific “we don’t know” as “the science says it’s OK.”  Opponents of the Precautionary Principle claim that its supporters want to impose regulatory measures supported by nothing more than vague and baseless fears, regardless of whether there is evidence to support their fears.
  In situations of scientific uncertainty of the kind found at the heart of most environmental, health and safety controversies, however, the anti-precautionary approach sets up perverse incentives.  For example, the risk-creators are often best positioned with respect to both knowledge and resources to investigate the potential hazards of their actions.  However, by permitting them to proceed unrestrained until harm has been proven, anti-precautionary policies approach creates disincentives for them to undertake such investigations.
  These precise disincentives are evident in the Draft Policy’s proposals.  By adopting the position that a water body is clean until proven dirty, the Draft Policy creates disincentive for dischargers to contribute to additional, much-needed monitoring, because such monitoring might be used to build the case that the water segment is, in fact, impaired.



 



An important first step toward implementation of the Precautionary Principle is full disclosure: decision-making processes need to clearly identify and evaluate areas of uncertainty, and all unknown but potential risks should be clearly articulated.  An unknown cost should not automatically be assigned a value of zero merely because its extent or causalities are not yet completely understood.  Policies should encourage an open and public debate about the various interests that could be impacted by the uncertainty and the tradeoffs between them.  In the absence of this disclosure, the public is ill-equipped to evaluate its tolerance for the uncertainties inherent in environmental policy.  



The Precautionary Principal precludes using uncertainty as the rationale for inaction.  By contrast, the Draft Policy is the antithesis of a precautionary approach.  It hides policy decisions behind the curtain of a statistical method that is designed to resolve uncertainty in only one way: if there is uncertainty, don’t list.  At every turn the Policy chooses to reduce the risk of taking an unnecessary action while increasing the risk of leaving a serious environmental problem unaddressed.  Moreover, the Draft Policy does not result in a articulation of, and is incapable of balancing, the many uncertain but possible outcomes at stake in every single listing decision. 


IV. THE STATE MUST LIST IMPAIRED AND THREATENED WATERS



The Clean Water Act Section 303(d)(1)(A) requires listing of those waters for which the effluent limitations in Sections 301(b)(1)(A) and (B) “are not stringent enough to implement any water quality standard applicable.”  Section 303(d)(1)(C) mandates that TMDLs “shall” be established for those waters.  Nothing in these sections allows for listing and TMDL development criteria other than a consideration of whether water body at issue is impaired or threatened.  However, contrary to this mandate, and even contrary to what we believe are impermissibly expansive federal interpretations of this legislative mandate, the Draft Policy allows for numerous impaired and threatened waters to avoid listing and TMDLs.  These flaws are detailed below.



A. The State May Not Directly or Indirectly Use “Off-Ramp” Lists Such As the Enforceable Program List



Section 2 of the Draft Policy states that the Clean Water Act Section 303(d) list is comprised of the following categories:  the Water Quality Limited Segments category, the TMDLs Completed Category, and the Enforceable Program category.  We appreciate that most of the past attempts to create illegal “off-ramp lists” (such as the Monitoring List, Planning List
 and Watch List) have not been pursued in the Draft Policy.  We also appreciate the statement in Section 2 of the Draft Policy that listed waters should remain on the list until water quality standards are attained, a position that is consistent with the letter and intent of the Clean Water Act.



However, the Enforceable Program list still remains in effect an “off-ramp” list that must be integrated completely into the 303(d) list.  Section 2 of the Draft Policy makes the Enforceable Programs list a subset of the 303(d) list.  Normally, in light of Clean Water Act Section 303(d)(1)(C)’s mandate to prepare TMDLs for listed waters, this inclusion would be interpreted as an indication that the waters on that sublist would require development of a TMDL.  However, the FED makes clear that the intent of the Draft Policy is to allow impaired waters on the vaguely defined and often unenforceable “Enforceable” Program list to specifically avoid TMDLs.  In effect, then, these waters are not “listed” waters, a point that must be corrected.



The FED explains that the Draft Policy is “focus[ed] on the development of a narrowly defined section 303(d) list that includes only those waters that do not meet water quality standards and a TMDL is needed to resolve the pollutant problem.”
  It then applies this overall position to the Enforceable Program list, obliquely yet obviously stating that TMDLs, despite the logical conclusion that would be drawn from the Draft Policy, are not required for waters on that list.  Specifically, the FED states that “[w]here control measures are unsuccessful or unreasonable delays . . . are experienced, waters should be moved to the portion of the section 303(d) list where TMDLs are required.”
  It follows from this statement that, until the undefined conditions are met, TMDLs are not required.



We strongly oppose the Board’s proposal to create such an Enforceable Program list for several reasons.  Most importantly, we believe that there is absolutely no basis under the Clean Water Act for failing to list any impaired water body, as that term is defined under section 303(d) of the Act, on the section 303(d) list and preparing a TMDL for that water bode.  Moreover, as shown below, the proposed list will seriously undercut the state’s TMDL program.



First, the proposed Enforceable Program list is inconsistent with the plain text of section 303(d) of the Clean Water Act.  Section 303(d) expressly requires each State to identify waters within its boundaries for which “the effluent limitations required by section 301(b)(1)(A) and section 301(b)(1)(B) of this title are not stringent enough to implement any water quality standard applicable to such waters.”  33 U.S.C. §1313(d)(1)(A).  Thus, waters are to be listed, and TMDLs developed, whenever the effluent limits described in section 301(b)(1)(A) and (B) are insufficient to attain and maintain water quality standards.  Importantly, sections 301(b)(1)(A) and (B) of the Act expressly relate only to effluent limits for point sources designed to meet the standards of best practicable control technology (technology-based standards) and specific POTW secondary treatment and pretreatment requirements.  In general, when a statutory provision specifically includes certain items, it implies the exclusion of others.  See e.g., In re Cybernetic Svcs., Inc., 252 F.3d 1039 (9th Cir. 2001), cert. denied, 122 S.Ct. 1069 (2001).  As such, only when certain baseline effluent limits, as discussed above, are stringent enough to implement all water quality standards in a particular waterway may the State Board fail to list that water.



In contravention of the clear dictates of the Act, staff have proposed to exclude impaired waters from the section 303(d) list for a variety of improper reasons, including the alleged availability of a remediation planning documents, unenforceable nonpoint pollution best management practices, storm water permits, and enforcement actions.



For instance, the Draft Policy is proposing that the exercise of enforcement prerogatives can constitute a basis not to list an impaired waterway.
   This proposed “out” is beyond the scope of Section 303(d), as discussed above.  Moreover, as further discussed below, given that the requirements of Section 301 of the Act are over 25 years old, it is far too late in the day to rely on enforcement to subvert the intent of Section 303(d).



Similarly, the Board has proposed to de-list or has refused to list several water segments for trash based on coverage by municipal storm water permits.  Yet again, this exception exceeds the language of the Clean Water Act.  First, the SWRCB has expressly taken the position that it would not include “strict” numeric effluent limits in Section 402 municipal storm water permits.
  As such, no argument can be made that these (non-existent) limitations will suffice to control the trash problem.  Second, to the extent that municipal storm water permits include non-numeric effluent limits for trash, it is clear that these permits have been ineffective in controlling the problem notwithstanding the fact that they were first issued in 1991, thirteen years ago.    Hence, there is no evidence in the record to support the premise that permit conditions that limit trash are sufficient to avoid the clear mandate of Section 303(d).  



More disturbingly, the Draft Policy proposes to place on an Enforceable Program list impaired waters for which no enforceable program exists!  Specifically, the FED asserts that discharge controls on point sources must be “enforceable,” but nonpoint sources can be listed merely if there is an “agency sponsored watershed plan or other [completely unspecified] programs that will obviate the need for a TMDL.”
  There is no parallel requirement that these be “enforceable.” 



None of these “justifications” for failing to list impaired waters can be squared with the statute.  For this reason, the Board is not free—whatever its perspectives on how section 303(d) should operate—to graft an Enforceable Program list exception onto this part of the Clean Water Act.



Second, the language of Section 303(d), when read in the overall context of the Clean Water Act as well as Section 301, clearly indicates that Congress intended the TMDL program to coexist with other enforcement and clean up programs under the Act.    There is no indication that Congress intended the operation of the Clean Water Act as a whole to disable any specific element of the Act.  Yet, this would be the effect of the Enforceable Program list.  Such an impact cannot be countenanced.
  



Third, the proposed Enforceable Program list contravenes the U.S. Environmental Protection Agency’s (“EPA”) 2004 Integrated Water Quality Monitoring and Assessment Report Guidance (“2004 Integrated Guidance”).
  While the 2004 Integrated Guidance is also inconsistent with section 303(d) of the Clean Water Act, the State Board’s proposal goes beyond even what is contemplated by the 2004 Guidance.  Specifically, the 2004 Integrated Guidance describes an alternative category of waters for which other pollution control requirements are stringent enough to implement any applicable water quality standard.
  On their face, the enforcement actions and clean up programs proposed by the State Board do not fall within the ambit of “other pollution control requirements.”  Further, the 2004 Integrated Guidance states that “these requirements must be specifically applicable to the particular water quality problem” and that “monitoring should be scheduled … to verify that the water quality standard is attained as expected.”
  The Guidance also requires that the water quality standard must be expected to be attained within a short amount of time.
  The FED instead expands this to allow the waters to remain without a TMDL unless there are “unreasonable delays” (again, undefined).



Fourth, the legitimacy of an Enforceable Program list is severely undercut by the timing of this proposal.  The requirements of Section 301 are over 25 years old, while many of the programs, permits, or enforcement options that would serve as bases to exclude waters from the Section 303(d) list are also years if not decades old.  California’s patent inability to resolve water quality problems over the years through the use of the very same options it now touts as definitive solutions underscores that these programs are not, in fact, necessarily “solutions” to the identified impairments.  If they were, the waters at issue would be in attainment by now.  Aside from the other legal problems discussed above, it is simply too late at this juncture to use the specter of Section 301(b)(1)(A) and (B) effluent limits enforcement, municipal storm water permits, or any other program, such as BPTCP, as a basis to end-run Section 303(d).  This conclusion is also supported by the fact that impaired waters were required to be listed and TMDLs developed and implemented pursuant to Section 303(d) over 20 years ago.
  California’s own delay in establishing TMDLs cannot now open the door to the use of later-developed alternatives to further limit the operation of the already delayed TMDL program.  Because the proposed Enforceable Program list ignores the Board’s own experience with the “alternatives” to 303(d) listing and the temporal intent of Section 303(d), it is unlawful and unwise.



Lastly, in addition to all of the above, we are concerned that the proposed Enforceable Program list will create a circular feedback loop whereby numerous impaired waters will never be properly listed and subject to a TMDL that will ensure the water body will be restored.  For instance, under the proposed program, the State Board may elect to place a water body on the Enforceable Program list due to the existence of an “alternative enforceable program” during any given listing cycle, with very little justification or assurance that water quality standards will be met.  Then, at the next listing cycle, even if the water body is still impaired, the Board may again elect to place the water on the Enforceable Program list based on the same alternative program.  This may continue indefinitely under the program as proposed by the Board.  The result of such an indefinite feedback loop will be that numerous waters that are impaired will remain impaired.  This is completely at odds with the intent of Section 303(d).



Accordingly, we urge the Board to eliminate the unimplementable and illegal Enforceable Program list.



B. The State Must List “Threatened” Waters



Despite our comments on this issue last year, the Draft Policy still contains no mention of the methodology for identifying and listing threatened waters.  TMDL regulations at 40 C.F.R. § 130.7(c)(1)(ii) and § 130.2 state specifically that “TMDLs shall be established for all pollutants preventing or expected to prevent attainment of water quality standards.” (Emphasis added.)  U.S. EPA similarly states on page 8 of its 2004 Integrated Guidance that “[w]aters should be placed [on the 303(d) list] when it is determined . . . that a pollutant has caused, is suspected of causing, or is projected to cause an impairment or threat.”  (Emphasis added.)  



EPA raised this issue with Board staff last June as follows:



The proposed policy provides no clear provisions for assessing and listing threatened waters.  Pursuant to the requirements of 40 CFR 130.7, as interpreted in out 1991 and 1997 guidance documents, EPA expects each state to describe how it will assess whether waters which currently attain standards will likely fall out of attainment during the next listing cycle.  The proposed policy makes reference to the use of certain types of data for trend analysis purposes, but does not actually describe how or if such data analysis will be interpreted as threatened.  We expect the listing policy to clearly show how the requirement to consider threatened waters was addressed.



By contrast, the state’s Draft Policy makes no mention of threatened waters.  Instead, Section 2.1 of the Draft Policy limits listing to waters where “the water quality standard is not attained, the standards nonattainment is due to a pollutant or pollutants, and remediation of the standards attainment problem requires a TMDL.”  “Threatened” waters are conspicuously absent.  



In the January 28th public workshop on the Draft Policy, the Board raised the question of whether reactivation of the rejected “Monitoring List” would address this concern.  It would not. As noted in our past comments, the “Monitoring List” is another example of an off-ramp list that includes numerous waters, both impaired and threatened, that should be properly listed on the 303(d) list.  For instance, in the Los Angeles Region alone, several clearly impaired waters were placed on the prior Monitoring List, including the Dominguez Channel for toxics and Calleguas Creek Watershed-Conejo Creek for unnatural foam and scum.  So in other words, threatened waters are supposed to be listed; because the Monitoring List was designed to keep waters off the 303(d) list, it is patently inapplicable.



We ask that the Board follow EPA’s direction and specifically address the listing of threatened waters.



C. The State Must List Waters Impaired by Natural Sources



Section 3.1 of the Draft Policy states that water segments for which standards exceedances reflect “natural background conditions” shall not be placed on the 303(d) list.  This directly contradicts the 9th Circuit’s recent rejection of the proposition that Section 303(d) only applied with respect to waters where effluent limits existed for a particular pollutant.
  In doing so, the court emphasized that both the listing obligation and TMDL development obligation are triggered when water bodies do not attain water quality standards, regardless of the source of pollution.
  It also contradicts the position of the National Research Council, which found that the TMDL program “should encompass all stressors . . . that determine the condition of the waterbody.”
  


More significantly, it contradicts both the Clean Water Act (which contains no exemption for impairments due to natural sources) and the TMDL regulations.  For example, 40 C.F.R. § 130.2(g) defines “load allocation” for purposes of developing a TMDL as “[t]he portion of a receiving water’s loading capacity that is attributed either to . . . nonpoint sources of pollution or to natural background sources.” (Emphasis added.)  The regulations thus clearly contemplate the listing for waters impaired by natural sources.  Moreover, the language of 130.2(g) indicates that Pronsolino’s approval of TMDLs for nonpoint pollution extends logically to natural sources as well, as both are addressed in the definition of “load allocation.”



As noted by EPA in a letter to the SWRCB last June, waters impaired by natural sources cannot be excluded from listing unless the state’s adopted water quality standards clearly contain such exclusions.
  To the best of our knowledge, no natural source exclusions exist in state water quality standards provisions.  The natural sources exclusion thus must be removed from the policy.



D. The State Must List Waters Impaired by “Pollution”



Section 3.1 of the Draft Policy similarly states that water segments for which standards exceedances reflect “pollution” (e.g., “physical alteration of the water body that cannot be controlled”) shall not be placed on the 303(d) list.   This position is reiterated in Section 2.1, which limits listing to waters impaired by “a pollutant or pollutants.”  We disagree with this proposition, and maintain that water bodies that are impaired by any source of pollution must be listed.  This position is supported both by the plain language of Section 303(d)(1)(A) and by legal opinions interpreting it, and has been supported by the Regional Boards as well in testimony and elsewhere



This position is also supported by the National Research Council, which found that the TMDL program “should encompass all stressors, both pollutants and pollution, that determine the condition of the waterbody.”
  The NRC found this step to be important because “activities that can overcome the effects of ‘pollution’ and bring about water body restoration – such as habitat restoration and channel modification – should not be excluded from consideration during TMDL plan implementation.”



Accordingly, ask that this limitation be struck.  


E. The State Must Develop a TMDL Regardless of Whether the Impairing Pollutant Has Been Identified



It is not clear from Section 2 of the Draft Policy whether it is necessary to identify the impairing pollutant(s) in order to list a water body.  The text states that one can list only where “a pollutant has caused or is suspected of causing standards not to be attained.”  This language presumes that one must identify the pollutant(s) at issue in order to make this determination.



The Clean Water Act does not require identification of the pollutant at issue before listing is made.  EPA implements this legislative intent by clearly stating in its 2004 Integrated Guidance that “States should include impaired waters in Category 5 [303(d) list] . . . even if the specific pollutant is not known.”
  In addition, many if not all Basin Plans contain WQS for general conditions (“no toxics in toxic amounts”) that would need TMDLs if impairments of those conditions were found; Section 2 would appear to (illegally) prevent that.


Section 3.1.6 of the Appendix and Issue 5C of the FED require the identification of causative pollutant(s) before a TMDL can be developed for toxicity.  Toxicity is one of the most significant measures of impairment, because unlike a chemical concentration, it is a biological measurement that can be more linked to ecological significance.  Observation of toxicity in one or more test species indicates the potential for impacts to multiple untested species in the water body, which in turn, affects the overall ecological health of the water body.  Because toxicity is a measure of significant biological response, indefinite delay or failure to develop TMDLs to mitigate toxicity impairment would be one of the most damaging possible outcomes for the long-term protection of California’s aquatic resources of this Draft Policy.



Requiring identification of the causative pollutant(s) will indefinitely delay the development of toxicity TMDLs because the burden of establishing the cause of toxicity is shifted solely to the Regional Boards.  This burden can be onerous because the cause-and-effect link cannot be typically established through simple or standardized tests, and special studies are often required.
  The Draft Policy offers no process for how this identification will be completed by the Regional Boards and requires no timeframe.   Further, there is no directive in the Draft Policy for potentially-contributing parties to complete of the subsequent studies needed to identify the cause of the toxicity.  The unintended result of this policy could be to completely block the TMDL process from applying to water bodies exhibiting toxicity.



This result is unnecessary because, contrary to the assertion in the FED that the pollutant(s) associated with toxicity must be identified in order to complete a TMDL, case studies of POTW effluents show that cost-effective source controls can mitigate toxicity even when the specific causative pollutants have not been identified.  Precedent has already been established at the federal and state level regarding requirement of source control to mitigate toxicity without identification of the specific pollutant or pollutants that cause the toxicity.  For example, POTWs are required to ensure a balanced indigenous population of marine organisms exists outside the zone of initial dilution of the discharge.  If not, the POTW must upgrade to full secondary treatment, even if the specific pollutants causing the toxicity have not been identified.  Examples of how successful this policy has been at restoring marine life around POTW discharges are plentiful.  Historically, the effluent discharged from LA County’s Joint Water Pollution Control Plant was toxic to sea urchin bioassays, and field studies showed degraded urchins and other echinoderm populations near the outfall.  Although the actual pollutant or pollutants causing the toxicity were never fully identified, LA County implemented source control efforts to reduce toxicity overall, and the ecology around the outfall has been restored.  Another example is the recovery of the benthic community in Santa Monica Bay around LA City’s Hyperion sewage treatment plant outfall.  Again, costly efforts to specific identify pollutants causing the toxicity and impairment were never fully successful, yet upgrades to the POTW have resulted in dramatic, measurable improvements in the benthic assemblages adjacent to the outfall.   



Similarly, the policy must allow listing for adverse biological response and degradation of biological populations and communities alone, without identification of the causative pollutants.  The Draft Policy requires the identification of the specific pollutant or pollutants causing adverse biological response and/or degradation of biological populations and communities before waters can be listed for these impairments.  Specifically, the Draft Policy states that a water body can be listed for adverse biological response or significant degradation in biological populations and/or communities if these impairments are shown compared to reference condition(s), and these impacts are associated with water or sediment concentrations of pollutants as described in section 3.1.6.  The Draft Policy does not allow for listing solely for these impairments without the causative pollutant(s).   Furthermore, section 3.1.6 appears to restrict how these causative pollutants are identified to a very narrow range of methodologies.  Since studies conducted to assess biological impacts often do not definitively identify causative pollutants, this policy could effectively eliminate the state’s ability to list water bodies that have been scientifically demonstrated to be unable to support their beneficial uses.  As demonstrated by the case studies of POTW effluents above, cost-effective source control can mitigate biological impairments even when the specific causative pollutants have not been identified.  



Therefore, the policy must allow listing and move forward with TMDL development even where the impairing constituents are not known.  The identification process, if shown by the regulated community to be necessary to the control of the impairment, can be built into the implementation schedule of the TMDL.  By doing this, the SWRCB is providing a process that provides some certainty that impairments will be mitigated in a controllable timeframe.     



F. The State Must List the Whole of an Impaired Water Body



EPA’s 2004 Integrated Guidance discusses how waters should be segmented in the Integrated 303(d)/305(b) report.
  EPA mandates that states “document the process used for defining water segments in their methodologies.”  Section 6.2.5.6 attempts to do this but fails because California has not identified a uniform definition of “assessment units,” a water body segmentation scheme described in U.S. EPA guidance.  Since this section only confuses the issue without providing guidance to the regional boards, it should be eliminated entirely or rewritten.



Requiring the regional boards to “identify” various properties of an impaired water body is beyond the scope of identifying an impaired water body.  Arbitrary pooling of data from adjacent reaches and/or segments, as described in Section 6.2.5.6, has no scientific foundation.  Adjacent reaches and/or segments should only be joined together for data analysis purposes if it is the intent of the regional board to list the combined reaches/segments as a single 303(d) listed water body.  Joining adjacent reaches together for the purposes of data analysis and meeting listing sample count requirements could have the effect of making  impaired waters appear to be unimpaired and/or making clean waters appear to be impaired.  If the water body to be listed contains multiple reaches then for listing purposes, the reaches should be considered a single water body.  


G. The State Must List Waters Impaired by Invasive Species



The Policy states at Section 2.1 that only those waters impaired by “pollutants” shall be listed.  The FED similarly states in numerous places that only impairments caused by “a pollutant” shall be included on the 303(d) list.
   As discussed above, we disagree with this proposition, and maintain that water bodies that are impaired, regardless of the source of pollution, must be listed.



We thus strongly disagree with the FED’s recommendation that waters impaired by invasive species not be listed because invasive species are not “pollutants.”
  In addition to the fact that all waters should be listed regardless of the source of the impairment, there is no basis in law or fact for the conclusion that aquatic invasive species are not “pollutants” under the Clean Water Act.  Invasive species clearly fit the definition of “pollutant” under Clean Water Act Section 502(6), which broadly defines the term to include:



dredged spoil, solid waste, incinerator residue, sewage, garbage, sewage sludge, munitions, chemical wastes, biological materials, radioactive materials, heat wrecked or discarded equipment, rock, sand, cellar dirt and industrial, municipal and agricultural waste discharged into water.



(Emphasis added.)  Courts have interpreted the definition of “pollutant” expansively, stating that it “encompass[es] substances not specifically enumerated but subsumed under the broad generic terms” listed in Section 502(6).
  Similarly, courts have stated that the definition of pollutant is “meant to leave out very little.”



In the definition above, the term “biological materials” has been interpreted by U.S. EPA and the courts to include harmful organisms, which would include invasive species.  For example, in proposing revisions to the TMDL regulations, U.S. EPA stated that “all microbial contaminants that may be discharged to waters of the U.S. (e.g. bacteria, viruses and other organisms) fall under the term ‘biological materials’.”
  EPA’s finding is consistent with a common sense interpretation of the term “biological materials” as including organisms, and makes no artificial distinctions as to the location or source of the organisms.  EPA similarly has acknowledged that “[d]ifferent biological organisms, such as bacteria (e.g., fecal coliform), algae, dead fish, live fish, fish remains, and plant materials have been considered pollutants under this definition by various courts.”
   



The courts and other states have repeatedly agreed with this interpretation of “biological materials.”
  For example, the court in National Wildlife Federation v. Consumers Power Co., 862 F.2d 580, 585 (6th Cir. 1988) found that live fish were “biological material” under the Clean Water Act.  There is no logical distinction between native versus non-native fish for the purposes of determining what is “biological material,” especially in light of the fact that in many cases it is extremely difficult to determine whether an organism is native or non-native to a particular ecosystem.



Recognizing this lack of a logical distinction, states around the country have already identified 34 water bodies around the country as impaired for “exotic species,” as well as 783 for “noxious aquatic plants”;
 many of the latter are likely “noxious” because they are non-native to the area in which they are listed (such as Caulerpa taxifolia, the subject of proposed listings in Regions 8 and 9).  Pathogens, which can be native or non-native to an area and which EPA already regulates in municipal and other discharges, have been identified as the source of impairment in 5,512 listings around the country.
 



The State Board itself approved the listing of various waters in Region 2 as being impaired by “exotic species,” including the Carquinez Strait, Richardson Bay, San Francisco Bay (Central), San Francisco Bay (Lower), San Francisco Bay (South), San Pablo Bay, Suisun Bay, and the Sacramento/San Joaquin Delta.  In approving the listings, the State Board approved the listings’ staff report, which found that “[e]xotic species meet the definition of ‘pollutant’ at Section 502 of the Clean Water Act.”



EPA acknowledged in its recent ballast water report that “[d]ifferent biological organisms, such as bacteria (e.g., fecal coliform), algae, dead fish, live fish, fish remains, and plant materials have been considered pollutants under [Clean Water Act Section 502(6)] by various courts.”  Moreover, EPA is already regulating invasive species in ballast water through the Section 312(n) program, and is regulating numerous categories of invasive species – such as pathogens – through other programs.  It is neither legally nor logically supportable for the state to conclude that “local” organisms are pollutants while “out-of-towners” are not.  The only issue to consider is whether the water body at issue is impaired by pollutants, which invasive species are.



EPA “believes that TMDL’s can be determined for any pollutant.”
  We ask that recommendation in Issue 4H of the FED accordingly be changed from Alternative 3 to Alternative 1 (“[l]ist water bodies under CWA section 303(d) for invasive species that impact water quality and develop TMDLs”).



V. THE STATE MUST USE AND CONSIDER ALL READILY AVAILABLE INFORMATION



A. General Comments



The body of regulations and guidance that bear on 303(d) listing are unambiguous about the information that should be considered in making listing decisions:  all of it.  TMDL regulations state clearly that “[e]ach State shall assemble and evaluate all existing and readily available water quality-related data and information to develop the [303(d)] list.”
  The regulations go on to mandate that local, state and federal agencies, members of the public, and academic institutions “should be actively solicited for research they may be conducting or reporting.”
  Furthermore, EPA’s 2004 Integrated Guidance similarly states that “[a]ll existing and readily available data and information must be considered during the assessment process.” 



The regulations and guidance are even more explicit about not excluding data on the basis of age and sample size.  The Integrated Guidance states clearly that “[d]ata should not be excluded from consideration solely on the basis of age,”
 and “does not recommend the use of rigid, across the board, minimum sample size requirements in the assessment process.”
  EPA adds that “the methodology should provide decision rules for concluding nonattainment even in cases where target data quantity expectations are not met, but the available data and information indicate a reasonable likelihood of WQC exceedance.”
  As an illustration, EPA explains that “[w]hen considering small numbers of samples, it is important to consider not only the absolute number of samples, but also the percentage of total samples, with concentrations higher than those specific in the relevant WQC.”
  EPA applied these rules in its review of California’s 2002 303(d) list, finding that “it is inconsistent with federal listing requirements for the State to dismiss a water from further consideration in the Section 303(d) listing process simply because a minimum sample size threshold was not met for a particular water body.  This is particularly true . . .  where the impairments are caused by toxic pollutants.”



In sum, EPA’s rules with respect to the use of data in listing decisions could not be clearer:



· All readily available information should be considered;



· Data should not be discounted solely on the basis of age; and



· Use of minimum sample sizes are not appropriate.



SWRCB’s proposed policy, however, contravenes of all of these recommendations by establishing rigid data quality requirements, setting upper limits on the age of data to be considered, and using minimum sample sizes for most assessments.  Specifically, the state’s Draft Policy limits information to “[o]nly the most recent data and information (up to 10-years old),” though data older than 10 years might be used for limited purposes and then only in conjunction with newer data.
   Similarly, the Draft Policy also states that “[g]enerally . . . a minimum of 10 or 20 temporally independent samples is needed from each water body segment for placement on the planning list or the section 303(d) list, respectively”; though “[f]ewer samples may be used on a case-by-case basis” as described in the California Listing Factors portion of the state Guidance on page 31.  EPA has already admonished SWRCB on these policy elements, stating on page 6 of the July 25th letter that it is “inconsistent with federal listing requirements for the state to dismiss a water from further consideration . . . simply because a minimum sample size threshold was not met for a particular water body.”
  The Draft Policy’s arbitrary restrictions ensure that listing decisions will be based on something less than complete information, and that regulators will be unreasonably constrained from the very beginning of the listing process.  This is contrary to the intent of the Clean Water Act, and to good public policy in general.  The policy should be revised to be consistent with EPA’s regulations and guidance requiring the use of all data, regardless of age and sample size.



Section 6.2.5.1 of the Draft Policy states that only “actual data that can be quantified and qualified” may be used to “assess water quality standards attainment,” as opposed to information that is “descriptive, estimated, modeled or projected.”   The EPA rejected this proposal last June, stating that it is “inconsistent with federal guidance that water quality modeling is a viable method of listing or de-listing,” and contrary to federal regulations at 40 C.F.R. § 130.7(b)(5)(ii) that “require the consideration of information from  . . . models in the assessment process.”



The limitations on data age, sample size and modeling are blatant limitations imposed by the Draft Policy on the use of data.  However, the Policy unfortunately contains several more illegal data limitations that should also be remedied.



B. Data Quality Requirements Impermissibly Exclude Data and Information from Consideration


According to Section 6.2.4 of the Draft Policy, only “high quality” data may be “used in the development of the section 303(d) list.”  Data is considered to be of acceptably high quality if supported by a Quality Assurance Project Plan (“QAPP”) developed pursuant to 40 C.F.R. § 31.45 or according to California's Surface Water Ambient Monitoring Program’s Quality Assurance Management Plan (QAMP).
  Other data may be considered only to “corroborate other data and information with appropriate quality assurance and quality control.”  EPA specifically rejected this proposal last June, stating that “[t]his is simply too restrictive and does not fit with federal regulations stating that States will consider all readily available information.”
  EPA added that



[t]hese provisions do not provide a ‘good cause’ rationale for excluding data and information from consideration (see 40 CFR 130.7(b)).  These regulatory provisions provide a rebuttable presumption that all readily available data and information will be used in the assessment process.  A great deal of useful data . . . would appear to be excluded from consideration under the proposed rule, an outcome which appears in consistent with federal requirements.



No changes have been made to address this concern, which remains a problem with respect to the federal TMDL regulations as well as state law.  For example, these data requirements appear to be more stringent than the principles governing the admissibility of evidence and opportunities for public participation typically used in California administrative proceedings.
  In addition, these provisions of the Draft Policy appear to set a higher burden of proof than typically used in California administrative proceedings, which is “preponderance of the evidence.”
  Because of these illegal data exclusions, EPA found that the state may “miss a significant number of impaired and threatened waters.”
  This potential for serious error must be addressed through a revision that adheres to the regulation’s mandate to consider all existing and readily available data and information.



C. Statistics Cannot Be Used as an Excuse to Limit the Data That May Be Considered


The Draft Policy as written also does not effectively make it possible to use “all readily available information.”  Several of the policy’s provisions have the effect – direct or indirect – of causing data to be reduced in significance or ignored altogether.



First, by requiring hypotheses testing and statistical confidence determinations, the Alternative Data Evaluation provisions would fail to use certain types of data that would have been considered under a weight of evidence approach.  As discussed elsewhere in this letter, data indicating spatial and temporal variability would continue to be ignored.  Moreover, assessments under the Alternative Data Evaluation would be limited to a single line of evidence rather than consider multiple lines (especially if they conflict). For instance, assessment of nutrient over-enrichment risk involves examining nitrogen compounds, phosphates, chlorophyll a, benthic algae, dissolved oxygen, pH, etc.; the Alternative Data Evaluation would not permit all of these factors to be evaluated comprehensively.



Second, the policy’s generalized requirements for data averaging and combining data from adjacent reaches appear to be arbitrary and have the effect of eliminating data that should be considered.  Section 6.2.5.4. (“Temporal representation”) states that, in general, samples should be available from two or more seasons or from two or more events when exceedances would be expected.  This statement is unclear and could be misinterpreted.  Does the policy mean two different seasons, or sampling from the same season in two different years?  Depending on the parameter measured and site-specific conditions, either of these interpretations could be appropriate.  As with spatial independence, temporal independence is based on site-specific conditions, and proscribed guidance or requirements should be avoided to ensure all valid data is used in the listing process.  



Even where data are allowed, the policy as written also does not effectively make it possible to use “all readily available information” because it does not take into account some approaches to water quality assessment.  For example, the Alternative Data Evaluation (Section 3.1.11) requires hypotheses testing and statistical confidence determinations when some methods, such as the “weight of evidence” approach, utilize data representing multiple variables that would not have been considered under the Draft Policy’s Alternative Data Evaluation process.  Assessment of nutrient over-enrichment risk, for instance, involves examining nitrogen compounds, phosphates, chlorophyll a, benthic algae, dissolved oxygen, pH, etc.  Determination of impairment often involves the relationships between these parameters as opposed to the level of any single parameter.  Additionally, impairments associated with biological degradation, nuisance (including trash) impacts, excessive sedimentation, and narrative objectives are typically observed through data that typically can not be assessed using the narrow assessment requirements of Section 3.1.11.



The policy’s generalized requirements for data averaging and combining data from adjacent reaches (Section 6.2.5.9) do not seem to be based on scientific methods and will have the effect of eliminating data that should be considered.  For example, the policy indicates that “If the averaging period is not stated for the standard, objective, criterion, or evaluation guideline, then the samples collected less than 7 days apart shall be averaged.”  Samples collected within a 7-day time frame may be considered temporally independent if justified.



The seven-day time frame is arbitrary.  No justification or data are presented that indicates that the duration of seven days between sampling events is required to ensure temporal independence.  More importantly, the time frame required for temporal independence is specific to each location and site-specific conditions that existed at the time of sample such as the weather conditions.  For example, the sampling of a water body before and after a rain event, although within a seven-day period, would produce two very different samples that should be considered temporally independent.  If the seven-day rule were applied, however, any increased pollutant caused by the rains could be masked by the pre-rain conditions.  Water quality data collected from the routine monitoring of California beaches is another example of a dataset in which this the seven-day rule would be inappropriately applied.  At many of our most popular and polluted beaches, coastal beach sampling is conducted daily.  Analysis of this type of data has indicated temporal independence of these daily samples
.  Another example is objectives for dissolved oxygen.  If the 7-day rule was applied to a basin plan standard such as “at no time shall the dissolved oxygen saturation fall below 85%”, the averaging requirement would completely eliminate scientifically pertinent data.  Streams with oxygen problems often have very high values during the day and very low values shortly before dawn.  In other cases, impairments can take place during flows that may take place only a few days per week.  The requirement for averaging could have the effect of allowing fish kills every Tuesday and Thursday, yet never reach the threshold required for listing.  We do not support a policy which considers it acceptable to “kill all of the fish some of the time, and some of the fish all of the time.”



D. Data Should Not Be Required to Be Presented in SWAMP Format


The SWAMP data format is extremely complicated and would preclude the inclusion of numerous valuable data sets.  While we firmly believe that quality assurance is of the utmost importance for all data that is to be solicited, we feel the required SWAMP format would place an undue burden on submitting entities and reduce the overall amount of data solicited.  Citizen volunteer monitoring programs, such as the one used by Heal the Bay (with a SWCRB-approved QAPP) to provide data for the development of the Malibu Creek Bacteria and Nutrient TMDLs, represent an extremely valuable source of additional data.  These data are routinely used to fill data gaps by providing additional sampling resources both spatially and temporally.  



Requiring all data to be in SWAMP format to be considered by the State or Regional Boards would substantially limit the amount of data that could be included in the review process because many entities such as nonprofit groups, academic professionals, and private citizens would have to invest significant resources to submit data in the SWAMP format. The requirement that solicited data must be submitted in the SWAMP format should be removed to realistically allow the submission of data collected from a variety of different sources, in particular, nonprofit organizations, academic sources, and private citizens.  



E. Specific Spatial and Temporal Representation Requirements Are Arbitrary and Illegal 



Specifically-defined spatial and temporal representation requirements also should be removed from the policy.  Section 6.2.5.3 (“Spatial representation”) states that samples collected within 200 meters of each other shall be considered the same station or location.  Samples collected less than 200 meters apart may be considered spatially independent if justified.  Section 6.2.5.4. (“Temporal representation”) states that, in general, samples should be available from two or more seasons or from two or more events when exceedances would be expected.  



The 200 meters requirement is arbitrary.  No justification or data is presented that indicates that a 200-meter requirement for spatial independence is applicable to California waters in general.  More importantly, spatial independence is largely water body-specific.  As pointed out in the FED (page 205), in California there are many water body types such as lakes, rivers, coastal estuaries and lagoons, and bays, all with varying degrees of climatic, geologic, and geographic characteristics, that can be affected by widely varying physical conditions.  The distance of 200 meters has a totally different meaning for water quality along a stretch of coastal beach versus a portion of a small, meandering stream or a coastal estuary.  For example, most NDPES permit receiving water monitoring requires sampling upstream and downstream of discharge points.  These two points can easily be located within 200 meters of each other, yet data collected from these two points should be considered spatially independent.  Similarly, data collected at the discharge point of a flowing storm drain into the surf zone is measuring a different condition than a point located 100 meters away from the discharge point.    



Using 200 meters in the policy will likely have unintended consequences.  Defining spatial representation in terms of this arbitrary distance can easily become a de facto rule applied to all water quality data, particularly by inexperienced Regional Board staff.  Requiring justification for using a different distance could be interpreted as benchmark that is too difficult to meet by overburdened staff.  Overall, this 200 meter definition could easily result in the disregard of valid data in the listing process, and for small water bodies, may make it very difficult to obtain enough data to even consider the water body for listing.  These provisions should be replaced with a requirement that data evaluations consider the spatial representation of the samples, particularly for samples collected in close geographic proximity relative to site-specific characteristics and the location of potential sources.



Similarly, the temporal representation requirement is unclear and could be misinterpreted.  Does the policy mean two different seasons, or sampling from the same season in two different years?  Depending on the parameter measured and site-specific conditions, either of these interpretations could be appropriate.  As with spatial independence, temporal independence is based on site-specific conditions, and proscribed guidance or requirements should be avoided to ensure all valid data is used in the listing process.  The provisions of the current Draft Policy should be replaced with a requirement that data evaluations consider the temporal representation of the samples, particularly in light of site-specific characteristics including seasonal variability and input events.  



Finally, the Draft Policy’s requirements for combining data from adjacent reaches similarly have the capacity to make a bad segment look good or a good segment look bad (Section 6.2.5.6).  Combining data from adjacent reaches without a scientifically defensible reason censors data by artificially impacting measures of central tendency, sample count, and capability for complying with statistical confidence requirements of the policy.



VI. THE OVERARCHING PROPOSED STATISTICAL METHODOLOGY IS BIASED HEAVILY AGAINST LISTING IMPAIRED WATERS



A. Overall Critique of Methodology



“There are three kinds of lies: lies, damned lies and statistics.”



- Autobiography of Mark Twain.


“Scientific uncertainty . . . cannot be entirely eliminated.”



- NRC Report



The purpose of environmental assessment methodologies in general is to protect the environment, as well as society and the economy.  Most methodologies provide for some level of “confidence” in the assessments: how confident can we be that the methodology is right when it says there is not a serious problem?  How confident are we that it was correct when it told us that there is a problem?



An ideal methodology would provide for confidence in both of these assertions.  However, using conventional statistics there is always a trade-off:  the more confident we are that the method was correct when it told us that there wasn’t a problem, the less confident we can be that it rightly told us that there was.
  The decisionmaker’s solution to this trade-off should reflect society’s priorities and the purpose of the environmental assessment.



In an attempt to eliminate one type of uncertainty – the type that the SWRCB apparently believes (but has not shown) would result in economic damage – the SWRCB’s proposed listing factors would forsake environmental confidence.  The results could be catastrophic: in some circumstances the factors would result in listing criteria that are so unrealizable in practice that aquatic life in a water segment could be dead by the time monitors acquired enough exceedances to meet the threshold.  Even in the absence of such catastrophes, however, a policy that is protective of putative economic concerns at the expense of water quality is plainly at odds with the Clean Water Act’s purpose for Section 303(d).  Assessment under Section 303(d) of the Clean Water Act should work in favor of protecting water quality.  As discussed elsewhere in this letter, the 303(d) listing procedure and TMDL development is a “safety net” – the last hope for protection and improvement in water quality in a program that already reflects Congress’ view that such protection is both environmentally and economically desirable.



B. The Methodology Is Technically Flawed



The use of statistics in making water quality assessment decisions should not be duplicative, and should not ignore unusual water quality conditions.




According to the FED, the use of statistics in making water quality decisions will help answer the question “[d]oes a water quality sample accurately reflect actual conditions in the water body?”
  There are several reasons why a water quality sample might not reflect actual conditions in the water body; these include:  (1) the sample was improperly collected, analyzed, or reported; (2) the sample came from a location in the water body in which water quality conditions differ from the norm; and (3) the sample was taken at a time when water quality conditions differed from the norm.




In general, the first issue – whether data was correctly collected, analyzed and reported – is addressed at the monitoring and analysis stage, for which the Draft Policy sets “data quality requirements.”  According to the FED, data is considered to be of acceptable quality if supported by a Quality Assurance Project Plan (“QAPP”) developed pursuant to 40 C.F.R. § 31.45 or according to California's Surface Water Ambient Monitoring Program’s Quality Assurance Management Plan (QAMP).
  QAPPs developed according to either the federal or SWAMP guidelines will contain assurances against erroneous laboratory procedures, systematic error sources, extraction and instrument error, and data transfer protocols to protect against transfer errors, and transcription, calculation, and input errors. 
  Taken together, these assurances substantially mitigate the possibility of operator and instrument error, and create a very high level of confidence that samples under these programs were properly collected, analyzed and reported.  Consequently, the application of statistics in the manner proposed would duplicate the error-management mechanisms of QAPPs.



The second two issues – that the sample was collected at a time or location that does not reflect the normal water quality in the water body – are not related to error at all.  In fact, such samples do reflect the actual conditions of the water body at some time and in some place.  The application of most conventional statistical methods to datasets containing such samples would tend to “erase” their impact, instead of prompting evaluation of the conditions that gave rise to such unusual data.
  Consequently, the application of statistics under these circumstances has the effect of masking hotspots, periodic inputs of constituents, and trends.




Furthermore, according to EPA, the “[10% rule-of-thumb] is intended to account for measurement error and the potential that small data sets may not be fully representative of receiving water conditions.”
  In other words, the 10% rule is not an “acceptable” exceedance rate; there is no such thing as an acceptable exceedance rate – water bodies should be added to the list whenever they do not meet water quality criteria.  Instead, the 10% rule is a convenient means of establishing confidence in data that indicate that any samples exceed water quality criteria.  It is, therefore, redundant to apply both statistics and the 10% rule to the same data set.




EPA raised this issue with the SWRCB last June, stating plainly that the reliance on the 10% exceedance rule



is based on an incorrect reading of EPA guidance concerning allowable water quality exceedance rates.  The assertion that EPA endorses the use of a 10% standards exceedance rate is incorrect.  The EPA 305(b) guidance (1997) refers to the use of a 10% exceedance rate as a method for assessing data sample sets – not as an acceptable exceedance rate in the ‘population’.  The use of this exceedance rate in a binomial assessment method has not been shown to be protective of water quality nor consistent with water quality standards requirements.  It is likely that use of this exceedance rate will increase the number of water bodies that do not meet water quality standards, which are missed in the listing decision.  Moreover, use of a 10% exceedance rate test has never been acceptable for toxic pollutants where aquatic life uses are at issue.



EPA recommended instead criteria development approaches based on a 95% compliance rate for conventional pollutants and a more stringent compliance rate for toxic pollutants of “at least 99%” in the context of a binomial method, or “where 2 or more samples exceed the [CTR rule standards for aquatic life] in any 3 year period.”
  EPA also criticized the use of the model’s arbitrary selection of five exceedances for sample sets less than 20, finding that “there is no technical rationale for this decision.”



In sum, we believe that statistics should not be used to mask real (if unusual) water quality characteristics, and should never be applied in a duplicative fashion.  SWRCB’s proposed listing methodology does both.  The selection of the binomial approach implicitly endorses “erasing” important but infrequent or spatially isolated exceedances.  The use of the binomial approach together with the 10% rule is duplicative, overcompensating for uncertainty and making it extremely difficult to demonstrate impairment – no matter how genuine.  Moreover, the selection of such a rigid decision model disregards the existence of the already protective QAPP program.  The SWRCB must incorporate these factors into the final decision rule.



Under the Draft Policy’s binomial approach, the level of confidence required to reject the null hypothesis is too high



The binomial statistic used by the SWRCB in its proposed guidance is designed to test the hypothesis that 10% of the samples in a set of data measuring a constituent will exceed the water quality objective for that constituent.  The method permits rejection of this hypothesis only when the data demonstrate to a 90% certainty that the assumption is untrue.  In other words, the methodology asks the question: “assuming the water body has a 10% exceedance rate, how many dirty samples would I have to see before I was 90% sure that 10% is not the true exceedance rate?”  



One consequence of requiring this level of confidence before the hypothesis can be rejected is that the data must not only demonstrate difference from the hypothesized condition, they must demonstrate significant difference.
  In the case of SWRCB’s proposed binomial approach, it is not enough for the data to indicate that there are more than 10% exceedances; they must demonstrate that there are significantly more.  As EPA put it: “[s]tarting with the assumption that a water is ‘healthy’ when employing hypothesis testing [like the binomial approach] means that a water will be identified as impaired and placed in Category 4 or 5, only if substantial amounts of credible evidence to refute the presumption that the water is not impaired are brought to light.”
  In the case of SWRCB’s binomial approach, the evidence required is practically unattainable.  For example, for some sample sizes, a demonstration that the actual exceedance rate is greater than the 10% necessitates a 30% exceedance rate.  We vigorously oppose requiring this level of proof that water quality standards are exceeded.



As noted by EPA above, the Draft Policy’s hypothesized 10% exceedance rate appears to be based on a misunderstanding of EPA’s 10% rule-of-thumb.  As discussed above, the 10% rule is itself a means of mitigating against uncertainty in data – it is not an acceptable level of exceedance.  SWRCB, however, proposes requiring a strong demonstration that samples not only exceed water quality criteria, but also exceed the confidence buffer provided by the 10% rule.  There is no logical reason for selecting this exceedance rate: it is not based on prior information on the condition of the water body.  Nevertheless, the rigidity of this statistical has the effect of entrenching this assumption and making it nearly impossible for data to disprove it.



The binomial model “masks” spatial and temporal variability and disregards exceedance magnitude



As noted above, the binomial model – like most conventional statistical



approaches – tends to mask spatial and temporal variability by treating unusual data points as erroneous rather than reflections of a water quality condition that is either spatially or temporally variable.  



Figure 1:  Periodic temporal variability.[image: image1.jpg]


The binomial approach fails to account for periodic temporal variability.  Figure 1, above, illustrates this type of variability.  In this simulation, 100 samples are analyzed, but only three exceed the water quality criterion.  Under the binomial methodology as proposed by SWRCB, this water body would remain unlisted despite the fact that these exceedances clearly occur at regular intervals and could reflect seasonal input or some other regular event.  Seasonal or regular inputs of many constituents pose risks to human health and aquatic life, and should not be ignored.  
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Figure 2:  Trend temporal variability.



The binomial approach fails to account for temporal variability arising from a trend.  Figure 2, above, illustrates this type of variability – in this case, increasing concentration of some constituent over time.  In this simulation, 10 samples are analyzed and two exceed the water quality criterion.  Under the binomial methodology as proposed, this water body would remain unlisted despite the fact that there is an obvious trend indicating decreasing water quality.  Such a trend should not be ignored and cannot be, given the fact that “threatened” waters must be identified and included on the Section 303(d) List.  The listing methodology should ensure that water bodies showing decreasing water quality conditions are listed.



The binomial approach fails to account for spatial variability.  Spatial variability occurs when sample concentrations vary depending on their origin within the assessment unit.  A dataset composed of 20 samples might have only two exceedances of a water quality criterion – not enough for listing under California’s proposed Policy.  However, if both exceeding samples originated from a particular area within the assessment unit, they should be cause for alarm.  The listing methodology should ensure that water bodies in which there are “hotspots” of high constituent concentrations are listed.



Finally, the binomial approach fails to account for exceedance magnitude.  In other words, even if the excursions above the criterion are enormous, as long as fewer than the critical number of exceedances are observed, the binomial will not call for listing the water body.  In light of the protections against collection and analysis error inherent in the data quality requirements, we believe that high-magnitude exceedances are most likely reflections of real water quality conditions, and simply cannot be ignored.  Even if high-magnitude exceedances reflect unusual water quality conditions, such conditions may nonetheless have serious adverse impacts on human health and aquatic life.  The listing methodology should ensure that water bodies with high-magnitude exceedances are listed.  There is no basis stated for, and no evidence in the record in support of, the Draft Policy’s approach to this issue.



The binomial approach is severely biased against precautionary listing decisions.



Conventional hypothesis testing approaches have two types of “error” associated with them: Type I error and Type II error.  Type I error occurs when a statistical model rejects a true hypothesis.  Type II error occurs when a statistical model accepts a false hypothesis.  In the case of SWRCB’s proposed methodology, the hypothesis is that the water body is clean.  Consequently, a Type I error would be where the model indicates that water body is impaired when it is actually clean; and a Type II error would be where the model indicates that the water body is clean when it is actually impaired.  



As noted above, all hypothesis-testing statistics have some probability of both types of errors, but the likelihood of these errors can be controlled to some extent.  EPA recommends that states attempt to minimize the likelihood of making both types of errors.
  They acknowledge, however, that “[w]ith a fixed number of samples, as the probability of Type I error decreases, the probability of Type II error increases.”
    Consequently, there will always be a tradeoff between Type I and Type II error, and a state will have to either express a preference for one type of error or another, or else balance the likelihood of making each error type.  



The selection of a favored error type, then, should reflect the priorities of the state as well as the requirements of the law.  As illustrated in Table 1, California’s policy is 81 to 362 times more likely to fail to list an impaired water body than it is to list a clean one.  Implicit in this is that California is up to 362 times more concerned with preserving TMDL-development resources than it is with preserving water quality.  We find this preference unconscionable and, as noted elsewhere, inconsistent with the intent of Section 303(d).  As we explain in a later section of this letter, a strict application of the Precautionary Principle consistent with the Clean Water Act would call for a reversal of these priorities – that California should prefer to err in favor of listing, thus fulfilling its obligation to protect and enhance the quality of its waters.  At a minimum, the probability of failing to list an impaired water body should be substantially reduced, even at the expense of increasing the probability of erroneously listing a clean one.



			Sample Size


			Listing threshold


			Probability of listing a clean water body


			Probability of failing to list impaired water body


			Error Type Ratio





			10


			3


			0.002


			0.175


			89





			12


			4


			0.001


			0.208


			362





			19


			5


			0.001


			0.151


			213





			26


			6


			0.001


			0.123


			169





			33


			7


			0.001


			0.107


			153





			41


			8


			0.001


			0.091


			122





			48


			9


			0.001


			0.084


			124





			56


			10


			0.001


			0.076


			111





			64


			11


			0.001


			0.070


			102





			72


			12


			0.001


			0.065


			97





			80


			13


			0.001


			0.061


			93





			89


			14


			0.001


			0.056


			81





			97


			15


			0.001


			0.054


			81





			105


			16


			0.001


			0.052


			81








Table 1: Probabilities of making listing errors under the Draft Policy.  The probabilities and listing criteria are derived in Attachment A to Appendix I. 



As described in more detail below, the Draft Policy relies heavily either on the statistical model or on the assumptions and confidence bounds underlying the statistical model, to the point that essentially the entire methodology, including the “alternative” data evaluation process, is an extension of this model.  As a result, the entire Draft Policy suffers from the deficiencies of the statistical model and its bias in favor of ignoring dirty waters.  Details for specific constituents and categories of constituents are detailed below.  In short, the Draft Policy must be significantly overhauled, as described in Section VIII. below, if it is to be both legally and technically supportable.



C. The Methodology Is Legally Deficient



1. The Methodology Violates Water Quality Standards Provisions



EPA said it most clearly:  the proposed “[p]rocedures for assessing exceedances of numeric standards for many pollutants conflict with existing water quality standards, most notably toxics.”
   EPA’s 1997 and 2002 technical guidance documents similarly “recommend listing of toxic pollutants in cases where standards are exceeded more than once in any three year period.”
  The details behind these findings are provided below.



The Policy’s Statistical Test is Unlawfully Inconsistent With Water Quality Standards for Toxics.



The statistical testing procedures at the heart of the Policy
 violate section 303 (d) because they will fail to list (or cause to be delisted) a large number of waterways in which water quality standards (“WQSs”) are not being achieved.  The Clean Water Act requires California to identify those waters for which existing technology-based pollution controls are not stringent enough to ensure that the WQSs are applicable to such waters are achieved and maintained.
   These standards are established under CWA § 303 by the State or U.S. EPA.  Once established in a basin plan, policy or rulemaking these standards have the force of law.    




For example, the California Toxics Rule (“CTR”) establishes standards for 126 of the most toxic pollutants.  The CTR includes chemicals such as dioxin, the most toxic synthetic chemical know to man; potent neurotoxins like the heavy metals mercury and lead; dangerous chlorinated compounds like PCBs and DTT; and the pesticide acrolein, a component in tear gas. 



The CTR standards for these dangerous and harmful chemicals include two types of numeric criteria, chronic criteria and acute criteria.  An acute criterion “is the highest in-stream concentration of a priority toxic pollutant consisting of a short-term average not to be exceeded more than once every three years on the average.”
   A short-term average is a one hour average.   This means that the waterway will be severely damaged if pollutant levels exceed the acute numeric criteria for more than one hour in three years.  Therefore, if one sample is taken per day the standard will be violated if the criterion is exceeded twice out of every 1095 consecutive samples (i.e., eighteen hundredths of one percent, or 0.18%).  A chronic criterion “is the highest in stream concentration of a priority toxic pollutant consisting of a 4-day average not to be exceeded more than once every three years on the average.”  Here, if one sample is taken every fourth day the standard will be violated if the criterion is exceeded twice out of every 273 consecutive samples (i.e., seventy-three hundredths of one percent, or 0.73%).   




The Policy does not include a single provision that incorporates or acknowledges the allowable exceedance frequency language of the CTR standards.  The Policy operates on the assumption that the standard is the numeric criteria alone.  This is not the case.  The beneficial uses are themselves a part of the policy.
   Thus, the exceedance frequency that protects that beneficial use is an absolutely essential aspect of the standard.  Moreover, the CTR itself establishes a procedure for altering the allowable exceedance frequencies.
  The procedure requires EPA review and approval.
    The failure of the policy to incorporate the CTR allowable exceedance frequency renders it utterly unable to protect the underlying beneficial uses.  The FED provides no explanation for this radical departure from the CTR standards.  




Instead, the Policy disregards this part of the standards and establishes its own “critical rate of exceedances” of 10%.  This exceedance rate is then combined with a statistical test that raises the bar even higher.
   This mechanism simply cannot be reconciled with the CTR standards.   This switch results in a test that is less protective than the standard by orders of magnitude.  Using the examples discussed above, where 1095 samples are taken rather than requiring 2 exceedances as called for by the CTR, the Policy demands 123 in order to list.  In the case of 273 samples the policy demands 35. Thus the Policy requires 121 and 33 more hits, respectively, than the CTR standard.  This implies that in these examples the Policy is 15 to 60 times less protective of the beneficial use than the plain language of the standard.    Even at much smaller sample counts the Policy is disturbing.  For sample populations of less than twenty the policy requires 5 samples to exceed the CTR value.  This is a range of 25-100% exceedances, with no possibility that sample populations of less than 5 will be listed.   



Moreover, the Policy’s test substitutes an orange for an apple.  The CTR allowable exceedance frequency is independent of the number of samples taken.  Whether 10 samples are taken or 500 the question is whether over three years the numeric values have been exceeded more than once.    In stark contrast, the Policy’s hypothesis testing is tied to sample count and totally divorced from any time period.  10% is required regardless of whether the samples are taken over a month or 10 years.  This creates a perverse result.   Under the Policy the frequency of impairment that is allowed will vary wildly depending upon the number of samples that are taken over a given period of time.  For example if 500 samples are taken over a three year period the Policy requires 60 exceedances before a listing will occur, whereas, for 100 samples 15 exceedances will suffice.   This suggests that one water body is permitted to exceed the numeric criteria four times as often as another merely because more samples have been taken.   This is simply arbitrary.  



In defense of its methods, the FED states that its statistical test is designed to reduce “variability, uncertainty, and the potential for error.”
    However, the FED provides absolutely no evidence to demonstrate that sampling data for the toxic chemicals on the CTR list are subject to variability, uncertainty or the potential for error.   There is nothing presented to justify the extreme consequences described above.  In fact, all the available evidence suggests just the opposite -- that there is an exceedingly small likelihood of wrongly detecting a CTR constituent in the water column.  Quality control procedures such as those set forth in the SWAMP Quality Assurance Project Plan include provisions for both field and laboratory blank samples and ultra-clean sampling techniques.  These provisions provide protection against false positive detections. The science shows that there is a vastly greater likelihood that sampling will not detect the presence of one of these toxic chemicals even when it may be present at a level that cause impairment.   Id.  Consequently the statistical test applied to CTR constituents and similar standards is arbitrary and capricious and conflicts with the mandates of the CWA.  A measure with the potential to reduce protections for waterways must be justified by ample evidence of a problem.  No justification is provided.



The Policy’s Statistical Test is Unlawfully Inconsistent With Water Quality Standards for Other Constituents.




The CTR standards are but one example of the inappropriate application of the statistical test to a water quality standard.  The statistical test is similarly problematic as applied to parameters that include, but are not limited to:



· narrative Basin Plan objectives for Toxicity, which typically allow “no toxics in toxic amounts” or simply “no toxicity.”  The Policy’s approach would allow “toxics in toxic amounts” and “toxicity” in excess of 10% of the time before triggering a listing.



· numerous Basin Plan objectives for conventional pollutants which rarely allow an exceedance rate of  10% or greater



· natural sources



The Policy’s Statistical Test Constitutes an Illegal Modification of Existing Water Quality Standards.




Despite numerous assertions to the contrary in the FED, the proposed Policy’s statistical test will in effect alter and modify existing water quality standards.  As described above, the policy substitutes its statistical test (10% “Critical Exceedance Threshold” coupled with a binomial hypothesis test) for the exceedance frequency specified in various water quality standards.  Of greatest concern is the substitution contemplated for the frequency specified for toxic chemicals by the CTR.  



The FED argues that because the Policy does not change the standard for all purposes, the standard has not been changed and points to other uses of standards such as the development of effluent limits and enforcement of standards that will not be directly impacted by the Policy.
  This argument amounts to the following: if a standard is not changed for all purposes it is changed for none.  This illogical reasoning must be rejected.  The Policy will alter standards for purposes of the CWA’s bedrock TMDL program, arguably the most important purpose for which standards are used.  That is enough to trigger the standards revision process.



When a state revises or adopts a new water quality standard, the new or revised standard must be submitted to the EPA for review and approval.
  Such revisions are subject to public review and comment.
  More importantly, the revision must be supported by a finding that the revised standards will protect beneficial uses.
  In addition, federal regulations set forth the minimum requirements for a standards revision, which include an articulation of the “methods and analyses conducted to support” the revision and an attorney general certification.
  



None of these requirements have been met.  The state does not intend to submit the Policy to U.S. EPA for review.   The Policy and the FED have not been forthright about the standards change and consequently the public has been excluded from participation in this process.  The Policy and FED do not and cannot make the required finding regarding beneficial uses.   Nor have methods and analyses been conducted to support the revision and no attorney general certification has been prepared.  In short the WQSs revision meets none of these requirements and is consequently illegal. 



The FED references a court decision regarding Florida’s listing policy
 asserting that Florida’s statistical approach “has been found to neither formally nor in effect establish new or modified existing water quality standards or policies generally affecting those water quality standards (Florida Public Interest Group et al. vs. U.S. EPA et al., 2003).”
   The Board should take little comfort in the Florida decision because the case’s holding is far narrower than the FED suggests.
   The petitioners in the Florida case brought suit against U.S. EPA for failing to exercise its non-discretionary duty to review the Florida Policy as a change in standards under CWA section 303(c)(2).  The court did determine that U.S. EPA’s duty was not triggered, however, the courts decision was explicitly predicated on U.S. EPA’s administrative finding that the Policy did not modify WQSs.   Here, EPA has made no such finding; rather, EPA has come to precisely the opposite conclusion regarding California’s Listing Policy.
   Assuming a California court provides the same level of deference to U.S. EPA as the court in the Florida case, California’ procedure will be found to be an illegal change in standards. 



2. The Adoption of the Methodology Would Violate California’s Antidegradation Policy



State antidegradation policy, which incorporates federal antidegradation policy,
 requires that California “maintain existing Beneficial Uses of navigable waters, preventing their further degradation.”  PUD No. 1 of Jefferson County v. Washington Dept. of Ecology, 511 U.S. 700, 705 (1994); see also SWRCB Resolution No. 68-16; 40 C.F.R. § 131.12.  Under the policy, the state must make an “antidegradation finding” if water quality is reduced as a consequence of an action taken by the State Board.  See Memorandum from William Attwater, SWRCB Chief Counsel, to Regional Board Executive Officers 5 (Oct. 7, 1987) (“antidegradation policy is triggered by a lowering of surface water quality”) (“Attwater Memo”); Memorandum from James W. Baetge, Executive Director, SWRCB, Antidegradation Administrative Procedure Update, at 4 (July 2, 1990) (“Antidegradation APU”).  Consequently, the policy’s applicability “need not be triggered by a discharge or any particular ‘activity’.”  USEPA, Region IX letter to Edward Anton, Acting Executive Director, SWRCB (May 26, 2002).  Rather, an antidegradation analysis must be conducted and antidegradation effects must be considered whenever there is the potential for an increase in the emissions of a pollutant, “even if there is no other indication that the receiving waters are polluted.”  Antidegradation APU at 4; see also In re Rimmon C. Fay, SWRCB WQO 86-17 at 21 (Nov. 20, 1986).



As concerning the statistical methodology adopted by the state for establishing the 303(d) list, the FED, which analyzes the consequences of implementing this methodology, readily admits that the statistical method of establishing the 303(d) list will remove currently listed water bodies from that list without any new information that demonstrates that that water body is not truly impaired.  See FED at 167, 174, 182-83.  The resulting abandonment of TMDLs and their attendant waste load allocations for these previously listed water bodies would, or at least could potentially, result in an increase in mass emissions of pollutants to these water bodies over and above what would be allowed with a TMDL was in place.  This increase in emissions is sufficient to trigger the state’s antidegradation policy.  See Antidegradation APU at 4.



Furthermore, given that application of the statistical methodology will result in truly impaired water bodies not being listed (see supra), any antidegradation analysis will reveal that adopting the statistical methodology is prohibited.  This can be easily demonstrated.  The first step in conducting any antidegradation analysis is to determine whether or not the proposed action will lower water quality.  Antidegradation APU at 7; see also Region 9, U.S. EPA, Guidance on Implementing the Antidegradation Provisions of 40 CFR 131.12 at 3 (June 3, 1987) (“EPA Guidance”).  The next step is determining whether water quality is better than necessary to support designated uses.  Antidegradation APU at 7.  If water quality is not better than necessary to support designated uses, the action is prohibited.  Id.



As discussed above, the “delisting” of a previously listed water body will reduce water quality in that water body.  Then, by definition, given some or all of the “delisted” water bodies will be actually impaired (due to the propensity of the methodology to favor de-listing impaired waters), associated water quality is not better than necessary to support designated uses.  Therefore, under California’s antidegradation policy, the “delisting” as a result of applying the statistical methodology is prohibited.  Antidegradation APU at 7; EPA Guidance at 10; see also In re Rimmon C. Fay, SWRCB WQO 86-17 at 21 (given that increase in suspended solids and associate bacteria caused by reduction in level of treatment may contribute to a violation of water quality objectives, reduction in treatment is inconsistent with the requirement that existing instream water uses and the level of water quality necessary to protect them shall be maintained and protected).  Given that the adoption of the statistical method results in violations of California’s antidegradation policy, adopting the Draft Policy itself violates antidegradation policy.



3. Application of the Methodology Would Create Conditions Constituting Further Violations of the Anti-Degradation Policy



Aside from the impropriety of establishing this methodology absent an anti-degradation analysis and consistency with anti-degradation requirements, the methodology’s requirements are sufficiently insensitive so as to trigger additional violations of these provisions over time.  Section 3.1.10 of the Draft Policy, which addresses “trends in water quality,” is not a substitute for a methodology for identifying threatened (or impaired) waters for a number of reasons.  Most significantly, listing a water body based on declining water quality should not require the determination of the occurrence of adverse biological response, degradation of biological populations and communities, or toxicity, as Section 3.1.10 recommends.  This Section sets an artificially high bar for assessing “threatened” waters for purposes of listing, as discussed in more detail elsewhere in these comments.



Determining that a water body is violating antidegradation requirements (the stated focus of this section) before being listed for declining water quality should not require the observation of such severe reactions to pollution.  These observations often indicate impairment without Section’s 3.1.10’s accompanying requirements (three years of data and statistical analyses compared to baseline conditions). 



More specifically, the requirement that adverse biological response, degradation of biological populations or toxicity is observed in and of itself is too onerous because most water quality monitoring does not include these more expensive and sophisticated tests.  Under this policy, many water bodies with declining water quality would not be listed because these tests were not conducted.  Importantly, there would be a disincentive to perform these tests or assessments.  The end result of this policy would be a severe impact must be observed before the State can determine that antidegradation requirements are being violated. This is unacceptable and in violation of the antidegradation requirements of the CWA and State policy, and as a result the requirement that staff must “[d]etermine the occurrence of adverse biological response, degradation of biological populations and communities, or toxicity” must be removed from the list of requirements the Regional Boards must meet to list a water body for declining trends in water quality.  



4. The Methodology Violates CEQA



Under CEQA, a state or local agency must initiate environmental review prior to carrying out or approving any discretionary action that may have a significant impact on the environment.
    If the agency finds that a project may have a significant effect on the environment, the agency must prepare an environmental impact report (“EIR”).
 



CEQA provides a limited exemption from its EIR requirement for state agency regulatory programs whose written documentation containing environmental information serves as a functional equivalent of an EIR, and the Porter-Cologne Act contains an additional exemption associated with the issuance of waste discharge requirements.
  The State Board Draft Policy process has been certified as functionally equivalent program to which the Porter-Cologne Act exemption does not apply.
 TA \s "City of Sacramento v. State Water Resources Control B" \c 0  



While an environmental impact report ("EIR") is not required for certified regulatory programs, the Board’s decision to adopt a Draft Policy must still comply with the policies and provisions of CEQA from which it is not specifically exempted.
 TA \s "Mountain Lion Foundation v. Fish & Game Commission, s" \c 2  Thus the broad policies expressed in CEQA at TA \s "21000" \c 0Pub. Res. Code § TA \s "21000" \c 021000 and the substantive standards of CEQA atTA \s "21001" \c 0 Pub. Res. Code § TA \s "21001" \c 021001 as well all other provisions of CEQA apply to review and approval of the Draft Policy.TA \s "Sierra Club v. Board of Forestry (“Sierra Club”) (" \c 0
   This includes CEQA directives that an agency consider the cumulative impacts of its project approvals,
 TA \s "EPIC v. Johnson (1985) 170 Cal.App.3d 604" \c 0 provide timely and adequate responses to comments made by the public,
 and consider feasible alternatives to the proposed action.
 TA \s "Friends of the Old Trees v. Department of Forestry &" \c 0


The guiding principle in the review of projects under TA \s "1" \c 0CEQA is that CEQA must be interpreted so as to afford the fullest possible protection to the environment.
 TA \s "Laurel Heights Home Improvement Ass'n v. Regents of t" \c 0  EIRs and their functional equivalents under certified programs demonstrate to an apprehensive citizenry that the agency has analyzed and considered the ecological implications of its action.
 TA \s "Sierra Club v. State Board of Forestry, supra, 7th C" \c 0

TA \s "Sierra Club v. State Board of Forestry, supra, 7th C" \c 0  These CEQA policies are also included in the State Board’s regulations at 23 Cal. Code Reg. 3775 et seq. 



The FED fails to identify, analyze and mitigate numerous significant and potentially significant adverse environmental effects of the project.  




CEQA requires that EIRs and functionally equivalent documents identify and analyze all significant and potentially significant adverse environmental effects of the project.   CEQA defines “significant effects” as a "substantial, or potentially substantial, adverse change." Pub. Res. Code, § TA \s "21068" \c 021068. (emphasis added.)  See also Pub. Res. Code § TA \s "21083(a)" \c 1 \l " 21083(a)"21083(a); TA \s "Santa Monica Chamber of Commerce v. City of Santa Mon" \c 2Santa Monica Chamber of Commerce v. City of Santa Monica (2002) 101 Cal. App. 4th 786, 795; TA \s "Azusa Land Reclamation Co. v. Main San Gabriel Basin " \c 0  This means that an activity has a significant effect if it "has the potential to degrade the quality of the environment." See also TA \s "14 Cal. Code Reg. § 15382" \c 1 \l "14 Cal. Code Reg.  15382"14 Cal. Code Reg. § 15382; Azusa Land Reclamation Co., supra, 52 Cal. App.4th at 1192.  



The CEQA Guidelines require a mandatory finding of significance for projects that will cause “substantial adverse effects on human beings, either directly or indirectly,” as well as projects with “potential to substantially degrade the quality of the environment, substantially reduce the habitat of a fish and wildlife species, cause a fish or wildlife population to drop below self-sustaining levels, threaten to eliminate a plant or animal community, reduce the number or restrict the range of an endangered, rare or threatened species." TA \s "14 Cal. Code Reg. § 15065(a)" \c 1 \l " 15065(a)"14 Cal. Code Reg. § 15065. See also CEQA guidelines, Appendix G, § XVII ("Mandatory Findings of Significance.")   




The FED summarily concludes that there will be absolutely no impact from this sweeping and dramatic policy change, not even a “less than significant impact.”  FED, Environmental Checklist, pp. 242-248.   Potentially adverse environmental effects are disposed of in a series of curt and conclusory paragraphs with no analyses whatsoever.   FED, Environmental Effects of the Proposed Policy, at 218-241.  Potentially significant adverse environmental effects are afforded only a single word of discussion -- the word “None.”    These findings are not supported by any evidence in the record and are in fact contradicted by numerous other findings and evidence set forth in the FED.  



This policy establishes the mechanism by which polluted waterways will be admitted to and removed from the Clean Water Act’s backstop pollution cleanup program.    The TMDL program serves as the final protection for the many beneficial uses of California’s waters, including drinking water supply, water contact recreation, sport and commercial fishing, habitat for fish and wildlife, and preservation of rare and endangered species.  Consequently, the Policy determines in reality how much protection these beneficial uses will ultimately enjoy and in specific instances whether beneficial uses will remain available or not.  The degree to which the Policy is or is not precautionary and conservative regarding the listing of impairments will directly increase or decrease the number of waterways where beneficial uses are protected and attained.  



To put this in context there are currently 685 waterways with a total of 1,883 different pollutant impairments.
   It is expected that numerous other water body pollutant combinations will be proposed for listing in the coming years.   A single water body that does not meet standards is by itself a significant impact.  The Policy has the potential to impact hundreds if not thousands of waterways.  All of these impacts must be identified, analyzed and mitigated by the Board.  



Moreover, since the Draft Policy applies to virtually every regulated pollutant, and determines whether discharges of these pollutants will be reduced in the future, it is self evident that the policy will impact the quantities of these pollutants being released into the environment.  Consequently, the policy has the potential to influence the wide array of problems linked to pollution, including human health problems such as cancer, pathogen caused disease, and disruption of the endocrine, immune and neurological systems; as well as ecological impacts such as harm to fisheries and wildlife and reducing the fitness of endangered and threatened species; and the degradation of the aesthetic enjoyment of the environment.  The FED wholly fails to identify, analyze and mitigate any of these potentially significant effects.  



The FED Fails To Identify, Analyze and Mitigate Significant Adverse Impacts to Impaired Waterways That Will Not Be Listed or Will Be Removed from the List



As discussed elsewhere in our comments the Policy guarantees that numerous impaired water bodies will not be listed (or will be delisted) including:



· water bodies whose impairment is periodic or episodic;



· water bodies whose impairment is recent, even if the data shows a clear trend over time toward the current exceedance of standards;



· water bodies whose impairment is supported by older data even in the absence of more recent counter-indicative data;



· water bodies in which an impairment is not uniformly distributed in the water body, for example, a water body where downstream pollutant concentrations are higher than upstream concentration if samples taken throughout the water body are employed in the statistical test;



· impaired waterways in which only a moderate number of sample have been taken; 



· water bodies impaired with toxic chemicals whose sampling does not satisfy the “Critical Exceedance Threshold” set forth in the Policy;



· water bodies whose impairments are not amenable to statistical testing;



· water bodies impaired by pollution rather than pollutants;



· water bodies impaired by exotic species;



· water bodies impaired by natural sources; and



· water bodies impaired by toxicity where no pollutant has been identified.



Moreover, the statistical test described in the Policy and FED exhibits a profound bias in the manner it deals with error.  This bias ensures that numerous and repeated errors will be committed by decision makers in their listing and delisting efforts.  These errors will consistently result in the failure to list impaired waterways and will reduce the overall size of the list.  The FED demonstrates that much of this error is avoidable.  The FED, further, concedes that under the proposed policy vastly fewer water bodies will be listed than under the status quo process.   The FED also describes alternatives that would provide far greater protection against these sorts of harmful impacts.   Nevertheless, every time a choice is presented amongst alternatives that would impact the size of the list, or the likelihood of failing to list an impaired water body the Policy selects a choice that would either reduce the size of the list, and/or increase the probability of errors that would leave severely polluted waterways off the list or remove them from the list.        



For example, in describing the selection of the null hypothesis for the Policy’s statistical approach the FED states that the selected hypothesis “gives the Board greatest control over the error of incorrectly adding water bodies to the section 303(d) list,”
 at the expense of controlling “the error of not identifying real water quality problems that can have impacts on aquatic life or human health.”
     The FED also notes that the policy’s choice of hypothesis will likely cause another important impact, reduced incentives for dischargers to collect samples.  “[T]here may be reduced incentives to increase sample sizes because more data may indicate that water quality standards are not being met and the water should be listed.”
     In other words, the policy’s choice of hypothesis may increase the chances that water quality problems will go undiscovered and therefore unaddressed.



Perhaps more disturbing is the FED’s discussion of the Policy’s choice to use 10% as the so called “Critical Exceedance Threshold.”  The FED states:



If a 10 percent value were used for evaluating sample data, the number of



decisions to list waters would be reduced by approximately 14 percent



from the listing decisions approved during the 2002 section 303(d) process.
  



Figure 18 on page 174 of the FED provides a graphic illustration of this frightening choice. 



Further compounding this problem is the selection of the Exact Binomial Test as the statistical test for determining compliance.  As discussed elsewhere in our comments, the Policy’s choice to employ the combination of the Binomial Test and a 90% confidence interval for listing decisions will result in a dramatically greater (81to362 times greater) likelihood of erroneous decisions that fail to list dirty waterways (Type II error) than erroneous decisions that list a clean water way (Type I error).    The FED itself concedes this fact.
    The Policy also concedes that other statistical methods such as EPA’s “Raw Score” method would “significantly lower” this type of error.
  Further, the FED concedes that “[u]sing a 90 percent confidence level in exact binomial tests . . . would likely result in fewer water bodies placed on the section 303(d) list.”
 




Finally, the Policy’s choice to employ minimum sample size and a high exceedance rate for small sample populations will result in a dramatic reduction in the number of listings from current listing practices.
  The combined impact of all of these choices is a Policy that will create dramatically less protection for the beneficial uses of California’s waters than is currently available.  The Policy will cause a demonstrably higher level of pollution with consequent human health and environmental impacts.  These effects are adverse and significant.  Consequently, the FED must identify, analyze and mitigate for them.   In the absence of such identification, analysis and mitigation any approval of the policy violates CEQA.



The FED Fails to Adequately Describe the Environmental Setting of the Project.  




The Environmental Setting section of the FED is deeply flawed and falls far short of CEQA’s requirements.  CEQA requires a full description of the environmental setting in which a project occurs.  The FED utterly fails to describe California’s widespread pollution problems and degraded beneficial uses.  As such it is inadequate under the law. 



The first step in evaluating the impacts of a project is to assess existing impacts and conditions, so CEQA requires a full description of the environmental setting in which a project occurs.
 TA \s "San Joaquin Raptor " \c 2 \l "San Joaquin Raptor  v. County of Stanislaus (1994) 27 Cal. App. 4th 713."  In TA \s "San Joaquin Raptor  v. County of Stanislaus (1994) 2" \c 0San Joaquin Raptor v. County of Stanislaus,
 the Court of Appeal applied CEQA Guidelines § TA \s "§ 15125" \c 015125 to set aside an EIR for a housing subdivision for failing to adequately describe the existing environmental setting of the site.  The Court found that in the absence of such a description, it is "impossible for the [FEIR] to accurately assess the impacts the project will have on wildlife and wildlife habitat or to determine appropriate mitigation measures for those impacts." Id.



The Court in TA \s "San Joaquin Raptor" \c 0San Joaquin Raptor also citedTA \s "Remy et al., Guide" \c 0

TA \s " Remy et al., Guide to the Cal. Environmental Qualit" \c 5 \l " Remy et al., Guide to the Cal. Environmental Quality Act (CEQA) (7th ed. 1993)" Remy et al., Guide to the Cal. Environmental Quality Act (Guide to CEQA) (7th ed. 1993) as follows:



The Guide to CEQA explains the significance of adequate consideration of the existing environmental setting: "Because the concept of a significant effect on the environment focuses on changes in the environment, this section requires an EIR to describe the environmental setting of the project so that the changes can be seen in context. The description of the pre‑existing environment also helps reviewers to check the Lead ATA \s "San Joaquin Raptor" \c 0gency's identification of significant effects." (Guide to CEQA, supra, p. 579.)



The Court concluded:



We must interpret the Guidelines to afford the fullest possible protection to the environment." (TA \s "Kings County " \c 2Kings County Farm Bureau v. City of Hanford, supra, 221 Cal.App.3d at 720.) Careful review of the administrative record demonstrates that the FEIR's description and consideration of the site and surrounding area is so incomplete and misleading that it fails to meet the standard set forth in State CEQA Guidelines section TA \s "§ 15125" \c 015125.



The Third District Court of Appeal in Communities for a Better Environment v. California Resources Agency
 recently upheld the principle that in order to assess the cumulative impacts of a project an accurate description of the environmental setting is essential, noting that, in assessing cumulative impacts, an agency must take into consideration past impacts on the environment to determine whether additional impacts may be significant.
 



TA \s "Communities For a Better Environment v. California Re" \c 2


The Environmental Setting section of the FED appears to simply cut and paste the watershed descriptions from California’s nine regional Basin Plans.
  The FED does not describe the vast amounts of pollutants and pollution that have been and continue to be discharged into California’s waters.  No effort is made to quantify these discharges in terms of mass, toxic effect or other impact.  The FED makes no effort to describe the widespread violations of standards and impairments in each of these watersheds.    The FED does not describe the numerous water bodies in California that are in danger of becoming impaired by pollutants.  Nor does the FED make any attempt to describe the beneficial uses that have been harmed by these impairments.  



For example, the FED does not describe the human communities who eat fish contaminated with bio-accumulative toxins, the swimmers who are put at risk by bacteria impairments, or the threatened and endangered species whose success is compromised, populations diminished and habitat degraded by these impairments.  In fact in the entire document not one word is spent on describing these problems.  Further, the FED fails to include information about rising cancer rates, immuno-deficiencies and other human health problems that have been or may in the future be linked to pollution.
  This information about the environmental setting is essential to support an analysis of the cumulative impacts of this policy and the analysis of alternatives.  Further, without this information it is impossible for the public to fully evaluate the Board’s decision.  Consequently without this additional information the FED is inadequate under the law.



The FED Fails to Adequately Consider and Mitigate the Cumulative Impacts of the Policy. 



The FED asserts the policy will not result in any cumulatively significant impacts.  This assertion is supported by a mere two pages of discussion, most of which focuses on federal legal requirements pertaining to listing and TMDLs.  No effort is made to analyze impacts that may result from individual or repeated failures to list impaired waterways.   This contravenes CEQA’s requirement that cumulative impacts be considered and mitigated.  



The CEQA Guidelines require a mandatory finding of significance for a project with "possible environmental effects, which are individually limited but cumulatively considerable." "Cumulatively considerable" means that the incremental effects of an individual project are considerable when viewed in connection with the effects of past projects, the effects of other current projects, and the effects of probable future projects."
 TA \s "14 Cal. Code Reg. § 15065(c)" \c 1 \l "14 Cal. Code Reg.  15065(c)"


No effort is made if the FED to analyze impacts that may result from individual or repeated failures to list impaired waterways when combined with the impacts of other policy decisions such as the recently adopted waivers for agricultural and silvicultural waste in the Central Valley, the proposed California Non-Point Source Plan, the proposed amendments to the Ocean Plan, the ongoing NPDES permitting program or numerous other water board projects.  Likewise no effort has been made to identify, analyze or mitigate the health impacts that arise from the repeated exposure of humans to the pollutants and pollution resulting from this policy when combined with other sources such as from air sources, food sources, workplace exposures, etc.  Nor has a similar analysis of the cumulative ecological effects of these pollutants and this pollution when combined with that of other sources been conducted.   This contravenes CEQA’s requirement that cumulative impacts be identified, considered and mitigated.  



The FED Is Inconsistent with Policy and Fails to Accurately Describe



the Proposed Project.



In its description of the Policy the FED sets forth a variety of measures that if implemented would to some extent mitigate some of the Policy’s adverse environmental impacts.  However, these measures cannot be found in the Policy itself.   These inconsistencies are misleading and cause the FED’s project description to be inaccurate.



Exacerbating the confusion, the Policy does not make clear what legal significance the FED will have after adoption of the policy.  Will the FED descriptions of these measures be binding on the SWRCB and RWQCBs?   Will the FED act as guidance in interpreting the Policy?  Will the measures described in the FED simply be disregarded after Policy adoption?



Among the measures set forth in the FED which do not appear in the Policy are:



· a weight of evidence alternative listing procedure;  



· a weight of evidence approach to determine the pollutants(s) that may cause toxicity; 



· a procedure for listing nutrients which allows the use of “models, scientific literature, data comparisons, to historical values or to similar but unimpacted streams, Basins Plan objectives, other scientifically defensible methods” in making a listing decision; 



· a procedure, which allows “both quantitative and qualitative data and information in the evaluation of nuisance.”  (i.e. odor, taste, excessive algae growth, foam, turbidity, oil, litter or trash and color.)  



· a  case-by-case interpretive approach to the listing of sedimentation providing that “general guidelines to trigger listing”  and stating that a water body can be listed if any one of the following conditions are met:  beneficial use impairment caused by increased sediment loads; evidence that beneficial use impacts are caused by sediment; nuisance caused by sediment loads, or exceedances of turbidity objectives. .



None of these important mechanisms are clearly and explicitly set forth in the Policy document.  Each procedure would operate as a mechanism to soften the impact of the Policy’s rigorous requirements such as the binomial hypothesis test.



For example, the FED repeatedly describes a robust alternative listing procedure that relies on a weight of the evidence test.  The Policy does not contain such a procedure.  Instead sections 3.1.11 and 4.10 of the  Policy set forth a procedure that is no less restrictive that the binomial hypothesis statistical test.  The procedure excludes qualitative information and other non-quantitative tools instead stating “[t]he measurements can be analyzed using a scientifically defensible procedure that provides an equivalent level of  confidence as the listing factors in section 3.1 and tests the null hypothesis that water quality standards are attained.”  In addition the procedure requires that “[t]he data and information can be compared to applicable water quality objectives, water quality criteria, or numeric guideline.”   These requirements describe statistical hypothesis testing not a weight of the evidence procedure.  Thus, the weight of evidence language in the FED appears to be both inaccurate and misleading.    



To the extent these measures are not a binding part of the Policy, a decision of the Board based upon the FED violates CEQA.  The FED inaccurately describes the project and its mitigation measures.  This is misleading to the public and defeats the central purpose of the statute.  Additionally, the failure to incorporate these measures into the policy invalidates the FEDs finding of no significant impact.   Moreover, many of these policy provisions constitute mitigation measures, which lessen the policy’s impact on the environment.  CEQA mandates that such requirements be carried out contemporaneously with the project.  



The FED Fails to Include a Statement of Overriding Considerations



As described above adoption of the Policy as written will result in numerous significant and unmitigated adverse environmental impacts.  In this circumstance, the agency must balance the economic benefits of the project against its environmental harm to determine if the project should proceed.
 TA \s "898.1(g)" \c 1 \l "14 Cal. Code Reg.  898.1(g)"TA \s "21081(d)" \c 1 \l "Pub. Res. Code  21081(d)"   This "statement of overriding considerations," as the last step in the analysis, provides critical information to the public to fulfill the law's public disclosure requirement -  that the [functionally equivalent document]  function as "a document of accountability" and "informed self government."
 TA \s "Sierra Club v. Board of Forestry (“Sierra Club”) (" \c 0   However, CEQA requires that the agency first identify the adverse effects of the proposed project before it exercises that power.
 TA \s "Sierra Club" \c 0 




No statement of overriding considerations is presented in the FED.  Moreover, the FED repeatedly rejects mitigation measures and selects alternatives, which favor economic and cost factors and increase the risk of adverse environmental impacts.  The Policy’s choices regarding the statistical test, in particular, demonstrate a desire to sacrifice human health and environmental concerns in order to “protect against the unnecessary expenditure of funds” involved in erroneously listing a waterway.
  These choices are not permissible in the absence of a statement of overriding considerations.



D. The Methodology Is Virtually Impossible to Administer from a Practical Perspective



As noted in the National Research Council report, “water quality standards must be measurable by reasonably obtainable monitoring data.”
  Data-hungry models cannot be the sole method by which water quality is assessed in situation where the state lags in monitoring.  The NRC Report agrees, stating that government



should not advocate detailed mechanistic models for TMDL development in data-poor situations.  Either simpler, possibly judgmental, models should be used or, preferably, data needs should be anticipated so that these situations are avoided.



The Draft Policy appears to assume that California has a database of surface water quality information capable of supporting numeric calculation requirements such as those set forth in the Policy.  This is not the case.  California currently relies upon anarchy as a data management strategy for surface water quality information.  Because of this fact, the Draft Policy as written cannot be implemented on a consistent statewide basis.



One step California must take in order to begin to implement numeric requirements associated with a Policy of this type in a defensible fashion is to follow the lead of other states that utilize the U.S. EPA STORET water quality data management system.  The Surface Water Ambient Monitoring Program is moving forward to implement STORET compatibility, but this will solve only a portion of the problem; better integration of other available data will be necessary before the state can begin to even consider a statistical methodology as data-hungry as the one proposed.



[image: image30.jpg]


Figure 3:  Blue dots represent water quality monitoring stations present in the modernized EPA STORET system. States such as Utah, Montana, West Virginia and Florida are far ahead of California in terms of data availability.



Table 3.1 of the Draft Policy presents an extremely misleading view of the amount of samples available to regional boards.  The high sample counts depicted in Table 3.1 are in excess of current resources allocations and are not  scientifically necessary to conduct water quality assessments.  Monitoring of conventional water quality parameters often takes place on a monthly basis.  Monitoring of metals, synthetic organic chemicals, PAH’s, bioassessments, and toxicity testing typically take place once or twice a year at a limited number of monitoring sites.  The Draft Policy’s arbitrary minimum sample count requirement (excerpted from section 3.1)
 appears to prevent a water body that is out of compliance with standards four months out of twelve from being listed.  For numerous conventional water quality parameters this is scientifically indefensible.  For example, if surface water nitrate concentrations in a stream exceed the drinking water standard for three months of the year, the water body is most certainly impaired, yet the Policy would not recognize this fact.



For many analytes, the high sample counts depicted in the Policy are unnecessary for making scientifically sound water quality assessments.  Since the Surface Water Ambient Monitoring Program budget is not likely to increase in the near future, the high sample count requirements could have the effect of either placing an unreasonable economic burden on holders of permits and waivers or, if that burden proves economically (or politically) infeasible, will ensure that impaired waters do not get listed.



As an example, a typical sampling strategy conducted in a region often involves sampling conventional water quality analytes monthly and conducts other more costly sampling a few times a year at a limited number of monitoring sites.  Table 3.1 depicts sample count requirements for a single monitoring site (or single water body), which range as high as 500 samples.  For most sampling types, the sample counts depicted in the table are scientifically unnecessary and economically impossible.



Using estimates of costs based on actual regional board lab pricing and SWAMP Master Contract pricing, we have estimated the costs for 500 samples for various sampling types.  If a comprehensive approach were used that involved a full site or water body characterization, which employed all sampling types, 500 samples would cost $5,919,500.  Since the entire statewide budget for SWAMP is approximately $4,000,000, and the sample counts in the table refer to a single site or water body, it seems the table is nonsensical.  The lowest cost sampling type (Conventional Water Quality Analysis), at $111,000, is similarly ridiculous since numerous regions only receive several hundred thousand dollars per year to sample their entire regions, let alone a single site or water body.



			Type of Sampling



			Cost/Sample


			Cost of 20 Samples


			Cost of 500 Samples


			Notes





			Conventional Water Quality Analytes


			$222


			$4,440


			$111,000


			lab cost only





			Water Chemistry (chemicals and metals)


			$1,452


			$29,040


			$726,000


			lab cost only





			Sediment Chemistry (chemicals and metals)


			$2,918


			$58,360


			$1,459,000


			collection and lab cost





			Bioaccumulation in fish (chemicals and metals)


			$4,154


			$83,080


			$2,077,000


			collection and lab cost





			Toxicity Testing


			$1,980


			$39,600


			$990,000


			lab cost only





			Rapid Bioassessment


			$1,113


			$22,260


			$556,500


			collection and lab cost





			Comprehensive Site Monitoring


			$11,839


			$236,780


			$5,919,500


			








Even at the de facto minimum sample size of 20 samples per site, the costs across the hundreds waters that could be evaluated for listing in any given cycle are greater than currently available budgets.  



In summary, with perhaps the exception of monitoring programs based on random sample designs, most monitoring programs in California are not designed to collect data that exhibit the particular characteristics needed to draw valid statistical inferences based on binomial statistical tests (e.g., normal distribution, sample independence, absence of systematic biases, etc.).
  The costs of collecting the data demanded by this model, as illustrated above, is prohibitive.  The result, given the limitations of the Alternative Data Evaluation process, will be to not list impaired waters.  This result is completely avoidable.  Monitoring strategies which do not require these high sample counts are currently deployed and can be effective when combined with a weight of evidence alternative to the statistical constraints present in the binomial approach and the currently unreasonable statistical confidence demands of the proposed alternative data evaluation section of the policy (Section 3.1.11).  The Policy should accordingly be modified to require, among other things, full compliance with federal law requiring consideration of all data and compliance with the weight of evidence approach called for by the state Legislature.


E. The Methodology Will Actually Fail to List Impaired Waters and Ensure Delisting of Already-Listed Impaired Waters



For the reasons articulated above, many waters that are actually impaired and that would have been identified under past methodologies would not be identified under the overly-stringent methodology that is proposed here.  EPA echoed this conclusion in its comments on the similar Draft Policy last June.
  In Appendix VI, we spotlight four water bodies – the San Gabriel River, San Antonio Creek, Coyote Creek, and Quail Creek – that are clearly impaired but would not have been listed under the proposed Policy.  The relative ease with which we found these waters belies the Draft Policy’s assertion that “no issues [in the Draft Policy] were found to have the potential for significant adverse environmental effects,”
 and illustrates the need for significant modifications to the Policy in order to ensure that similar, yet-unidentified waters are not left behind.



  


VII. THE PROPOSED ALTERNATIVE DATA EVALUATION PROCESS HANDCUFFS THE STATE TO THE FLAWED STATISTICAL METHODOLOGY AND FAILS TO ALLOW FOR MEANINGFUL ALTERNATIVE ASSESSMENTS



The Alternative Data Evaluation process described in Section 3.1.11, by definition, is supposed to act as an alternative to the statistical procedure when that procedure is inappropriate (such as for biologics, sediment, and toxicity) or when it appears to exclude waters that appear from the weight of the data to be impaired.  The Legislature specifically demanded a weight of evidence approach in the 2001 Budget Act Supplemental Report (attached in Appendix IV): 



(e) On or before January 1, 2003, SWRCB shall develop a policy to establish criteria for the listing and delisting of impaired water bodies pursuant to Section 303(d) of the federal Clean Water Act. The policy shall include a "weight of evidence" approach and shall include criteria that ensure that the data and information used for identification and listing of impaired water bodies are accurate and verifiable.


The FED defines components of the weight of evidence approach to “consist of the strength and persuasiveness of each measurement endpoint and concurrence among various endpoints. . . . A scientific conclusion based on weight of evidence is often assembled from multiple sets of data and information or lines of evidence.”
  Weight of evidence is not only a scientific standard, but a legal one as well, and is synonymous with preponderance of evidence.
  A preponderance of the evidence standard requires one to establish that the existence of a fact is more probable than not.
  As discussed below, the Draft Policy’s Alternative Data Evaluation proposal departs significantly from this legislative and scientific mandate and is calibrated to meet a far more stringent standard, more akin to "beyond a reasonable doubt."  Unfortunately, this problem is pervasive throughout the document, as described in the discussion of the individual elements of the Draft Proposal in Section VIII. of these comments. 


Although the Draft Policy’s Alternate Data Evaluation provisions are intended to embody a weight of evidence approach, under any definition of weight of evidence, they do not.  First, the provisions are too closely coupled with the assumptions, null hypothesis and confidence levels of the proposed binomial listing factors, and will consequently fail to consider some important lines of evidence.  Furthermore, the assumption of a 10% exceedance rate and a 90% confidence interval amount to a substantially higher standard than “more probable than not.”  Finally, the provisions do not permit the evaluation of multiple lines of evidence, especially where lines of evidence may conflict.



As discussed elsewhere, the binomial listing factors explicitly fail to consider, or de-emphasize, certain types of evidence.  For example, data indicating temporal and spatial variability are erased by the method.  Evidence of trends showing decreasing water quality will also be masked by the binomial method.  A true weight of evidence approach would take these pieces of evidence into account and make an evaluation based on the totality of the available information.  However, by requiring that any alternative approach be as statistically rigorous, apply the same assumptions, and test the same hypothesis as the binomial approach, the Draft Policy ensures that these pieces of evidence will continue to be ignored.  This is inconsistent with the definition of weight of evidence, and consequently violates the requirements and guidelines discussed above.



As noted above, a weight of evidence standard requires a demonstration that the existence of a fact is “more likely than not.”  In stark contrast to this, the binomial listing factors require an exceptionally high degree of confidence in the existence of a fact – that a water segment is impaired – before listing.  By requiring the use of a statistic that employs the same assumptions (presumably 10% exceedance rate) and confidence (90%) as the binomial approach, the Draft Policy ensures that the Alternate Data Evaluation will likewise require much more than a demonstration that a water segment is more likely impaired than not.  EPA raised this very issue with staff last June, stating that



[w]e are concerned that the [proposed Alternative Data Evaluation process] currently states that ‘the measurements can be analyzed using a scientifically defensible procedure that provides an equivalent level of confidence as the listing factors in section 4.2 [now 3.1].’  This seems to require any and all data must have 90% confidence level to be used in assessing impaired waters, which is inconsistent with the concept of weight of evidence approach.



Once again, this requirement is inconsistent with the definition of weight-of-evidence and with the requirements noted above.



Similarly, the listing factors do not permit the consideration of multiple lines of evidence.  However, assessment of some parameters may require the evaluation of multiple lines of evidence.  For example, nutrient over-enrichment risk involves examining nitrogen compounds, phosphates, chlorophyll a, benthic algae, dissolved oxygen, pH, etc.  Determination of impairment often involves the relationships between these parameters as opposed to the level of any single parameter.  A true weight of evidence approach would permit the use of all these lines of evidence in reaching a determination regarding impairment.  The FED itself highlights this point when it states “[a] scientific conclusion based on weight of evidence is often assembled from multiple sets of data and information or lines of evidence.”
  Nevertheless, Section 3.1.11 requires the use of statistical approaches that are incapable of incorporating and considering these differing data types.




Because of the reasons outlined above, and because of other problems with the methodology that apply elsewhere in the Draft Policy (particularly the requirement that the data meet the “extremely stringent”
 data thresholds in Section 6.2.4), this Policy is inconsistent with its state authorizing legislation and is, for that reason, alone unlawful.  Water Code Section 13191.3(a), which requires the SWRCB to prepare this guidance, states that the guidance must be developed pursuant to Clean Water Act Section 303(d); the inconsistencies with the Act here and elsewhere, as raised by both the environmental caucus and EPA, require significant modifications to the Draft Policy before it may meet the mandate in Section 13191.3.   



As discussed in more detail below, the Draft Policy should be revised to apply a true weight of evidence approach that is not tied to statistical confidence and hypothesis testing.  Such an approach would provide for listing of waters in cases where evidence that was ignored or minimized under the binomial listing factors demonstrates impairment or threatened impairment.  Such an approach would also provide for listing where multiple lines of evidence combine to demonstrate water quality standards exceedances, even if a single line of evidence provides insufficient evidence of exceedances.  



VIII. RECOMMENDED METHODOLOGY FOR IDENTIFYING IMPAIRED WATERS



A. Preferred Statistical Approach for Conventional Pollutants Other Than Temperature and Dissolved Oxygen:  Reverse Null Hypothesis



We recommend that the listing factors in the draft guidance be revised to include the following statistical decision rule for conventional pollutants other than temperature and dissolved oxygen:



Water segments shall be placed on the section 303(d) list as impaired for conventional pollutants other than temperature and dissolved oxygen unless the numeric water quality objectives for conventional pollutants are exceeded in less than 10% of samples with a confidence level of 90 percent using a binomial distribution (Table 2).



This recommended alternative adopts SWRCB’s proposed statistical method in all respects but one: the null hypothesis has been reversed.  Under this alternative, the null hypothesis is: “the water segment is impaired” in contrast to the null hypothesis under SWRCB’s recommendation: “the water segment is clean.”  Appendix II illustrates the mathematical basis of this approach.  



We believe that this “reverse null” proposal is more consistent with the law and better furthers policy objectives for the following reasons:



· The reverse null approach is consistent with the objectives of the TMDL program.  As discussed elsewhere in our letter, Congress assumed that even with regulatory action some waters would remain polluted.  So, Congress created the TMDL program as a “safety net” in the event that other measures provided for in the Clean Water Act – specifically National Pollutant Discharge Elimination System permitting – fail to result in attainment of water quality standards.  There is no backup to the listing process for a dirty water; if it is missed, it will almost certainly remain dirty.  As the last recourse for water quality, it is imperative that the program be as protective as possible and minimize the chances that impaired water segments will be ignored.  The reverse null approach proposed here would require a demonstration to a fairly high level of confidence that waters are clean.  Consequently, it would be unlikely that impaired water segments would be ignored.


· The reverse null approach is consistent with the precautionary principle. As discussed elsewhere, proper application of the Precautionary Principle would require that in the absence of scientific certainty, waters should be considered to be impaired unless it is demonstrated that they are clean.  The application of the Precautionary Principle here would reflect good common sense and a genuine concern for environmental quality and human health.  Application of the Precautionary Principle would also create a reasonable incentive structure that would encourage additional monitoring and, by extension, scientific certainty.


· The cost of erroneous listing is insignificant.  As discussed elsewhere in this letter, the SWRCB has recently eliminated the commonly cited consequences of mistaken listings that some stakeholders have identified.  This approach would recognize that the implications of not listing an impaired water segment are far more severe than the implications of improperly listing a clean segment.



· The reverse null approach would create incentive for additional monitoring.  Although there is broad support for California’s Surface Water Ambient Monitoring Program, it is widely recognized that existing water quality monitoring activities in California are inadequate.  As noted in the “Facts” section above, the majority of California’s waters are not monitored, and additional data will likely uncover additional impairments.  However, under SWRCB’s proposed method, dischargers will be disinclined to improve monitoring coverage because they are better served by the absence of data.  By requiring that data be gathered to demonstrate that the water segment is clean, those with the resources and responsibility to collect such data – the dischargers – will be more inclined to do so.



For smaller sample sizes, the reverse null hypothesis cannot be overcome to a 90% certainty.  For such samples sizes, we recommend that the state apply all “existing and reasily available data” to a meaningful weight of evidence approach, as described in these comments.



			Sample size


			Place on the section 303(d) list if more than this number of exceedances





			22


			0





			24


			0





			26


			0





			28


			0





			30


			0





			32


			0





			34


			0





			36


			0





			38


			1





			40


			1





			42


			1





			44


			1





			46


			1





			48


			1





			50


			1





			52


			2





			54


			2





			56


			2





			58


			2





			60


			2





			62


			2





			64


			2








Table 2.  Listing thresholds for binomial approach application to reversed null-hypothesis.  For smaller sample sizes, the reverse null hypothesis cannot be overcome to a 90% certainty.



B. Alternative Statistical Approach for Conventional Pollutants Other Than Temperature and Dissolved Oxygen:  Null Hypothesis with Equalized Errors



Although we strongly advocate adoption of the reverse null approach described above, our technical team has developed a second alternative approach for conventional pollutants other than temperature and dissolved oxygen:



Water segments shall be placed on the section 303(d) list when numeric water quality objectives for conventional pollutants are exceeded at least twice and in 5% of samples according to the error-equalized binomial approach.”  (Table 3).



As discussed elsewhere, the SWRCB’s proposed approach is 81 to 362 times more likely to fail to list an impaired water body than it is to list a clean one.  We believe that this preference flies in the face of the precautionary principle and does not reflect the water quality priorities of Californians or those expressed in the Clean Water Act.  A better policy would err in favor of listing, thereby minimizing the possibility of leaving impaired water bodies off the list and minimizing the attendant risks to human health and aquatic life.  The reverse null approach, discussed above, would do this.  At a minimum, though, the listing criterion should provide for a more equitable apportionment of these errors.  A “fair” listing criterion would be one for which the probability of making each type of error is equal.  This equalized-error criterion is derived in Attachment B to Appendix I.



Although this approach is not as precautionary as the reverse null approach, it is both more protective and far more equitable than the approach recommended by SWRCB.  Equalizing the probabilities of the two error types recognizes that there is absolutely no justification for minimizing Type I error at the expense of Type II error.  Indeed, the overall likelihood of committing error (the sum of probabilities of Type I and Type II error for each sample size) is far lower than the overall likelihood of error under SWRCB’s approach.  Importantly, EPA guidance and professional literature recommend that Type I and Type 2 error rates be balanced if there is no clear agreement that one form of error is more important than the other, as a policy matter, in that state.
  Finally, it should be noted that the error-equalized binomial approach can be reduced to simply requiring listing a water body as impaired if the number of observed exceedances is greater than 5% of the total sample size +1.  Consequently, application of this rule would not compound one uncertainty-mitigation tool with another.



			Sample Size


			Exceedence threshold for 303(d) listing


			Probability of listing a clean water body


			Probability of failing to list impaired water body


			Willingness to Err Ratio





			10


			2


			.0285


			.0285


			1





			12


			2


			.0196


			.0196


			1





			19


			2


			.0257


			.0257


			1





			26


			2


			.0108


			.0108


			1





			33


			2


			.0143


			.0143


			1





			41


			2


			.0157


			.0157


			1





			48


			2


			.0087


			.0087


			1





			56


			3


			.0099


			.0099


			1





			64


			3


			.0110


			.0110


			1





			72


			4


			.0118


			.0118


			1





			80


			4


			.0125


			.0125


			1





			89


			5


			.0125


			.0125


			1





			97


			5


			.0082


			.0082


			1





			105


			5


			.0088


			.0088


			1








Table 3:  Probabilities of making listing errors under an “equalized error” listing criterion and a 5% exceedance rate.  The probabilities and criterion are derived in Attachment B to Appendix I.  The error possibilities and willingness to err ratio are calculated from the base criteria as illustrated in the Attachment.  The exceedence thresholds listed above have been modified to reflect the policy of not listing a water segment based on a single exceedence.


C. Preferred Approach for Temperature and Dissolved Oxygen



We recommend that the listing factors in the draft guidance be revised to include the following statistical decision rule for temperature and dissolved oxygen:



Ordinarily, water segments shall be placed on the section 303(d) list when numeric water quality objectives for temperature and dissolved oxygen are exceeded in more than one seven-day average of daily maximum (for temperature) or minimum (for dissolved oxygen) measurements.



Temperature and dissolved oxygen vary on an annual cycle, and cause impairment only when there is too much or too little in the water.  Water quality standards are designed to address the highest temperatures of the year and the lowest dissolved oxygen levels of the year, which generally occur during summer months, or sometimes fall months for dissolved oxygen.  Therefore, any assessment decisions should be based on the highest and lowest measurements of these pollutants, respectively.  When continuous monitoring data are available, the seven-day average of daily maximum (for temperature) or minimum (for dissolved oxygen) measurements should be assessed.  When continuous monitoring data are not available, but data are available from at least seven days in any 30-day period, the average of the highest (for temperature) or lowest (for dissolved oxygen) measurement on seven consecutive days on which measurements were taken should be assessed.

 
Sometimes, the data available for a water segment will be inadequate to properly evaluate temperature and dissolved oxygen under this approach.  When data are available from fewer than seven days in any 30-day period, the highest (for temperature) or lowest (for dissolved oxygen) single measurement within that period should be assessed.  A water segment should be placed on the 303(d) list for temperature or dissolved oxygen when these data show a violation of the water quality standard on at least one day in at least three different years.  



Under the water quality standards, a measurement of temperature (or other pollutant) in excess of a standard is not a violation of the standard if the exceedance results from natural conditions.  In the case of temperature and dissolved oxygen, when natural conditions exceed the standard, listings will be based upon human contributions in excess of natural background.  All relevant natural conditions issues relating to temperature and dissolved oxygen for which data or other evidence are available, such as peak hourly temperature increases and extreme air temperatures should be considered.  The hottest days or years should not automatically exempt a water segment from consideration for listing based on temperature.



D. Preferred Approach for Toxic Pollutants



As EPA has noted to the SWRCB in the past, “the proposed binomial approach as applied to toxic pollutants in water does not meet federal requirements for assessing impairment associated with aquatic life use.”
  Accordingly, we recommend that the listing factors in the draft guidance be revised to include the following decision rule for toxic pollutants:



Water segments shall be placed on the section 303(d) list when numeric water quality objectives for toxic pollutants, including maximum contaminant levels where applicable, or California/National Toxics Rule water quality criteria are exceeded in two or more tests within a running three year period.




SWRCB’s approach to evaluating impairment for toxic pollutants is inconsistent with EPA’s guidance and with California’s own water quality standards.  Moreover, states cannot ignore a water body solely because there are no “translator mechanisms” for toxics.  Listing should occur if the uses are impaired, regardless of the availability of such translator mechanisms.




Toxic pollutants can pose substantial threats to human health and aquatic life, often at low concentrations and one-time exposures.  Because the risks associated with failure to address impairment by toxics are so great, the decision rule applied to these pollutants should be as conservative as possible.  The alternative decision rule we propose here is consistent with both EPA’s guidance and with the California Toxics Rule, and would provide a necessary level of precaution in making listing decisions.  




The alternative rule proposed here is also consistent with the approach taken by several other states.  For example, Virginia’s listing policy provides that “[f]or toxic pollutant assessment in free-flowing streams, waters where there are 2 or more exceedances of a [water quality standard] acute aquatic life toxic criteria in a running 3-year period are considered impaired for aquatic life use and wildlife use.”
  Utah, New Hampshire and Washington – as well as numerous other states – have adopted similar language to govern listing decisions related to toxics.  California should do the same.



E. Preferred Approach for Water/Sediment Toxicity



At its most basic level, the toxicity section of the policy is inconsistent with existing Basin Plan standards, which address toxicity by requiring “no toxics in toxic amounts.”  The section should be revised to be consistent with the Basin Plans.



More specifically, the Draft Policy should require the use of lower effects level Sediment Quality Guidelines in addition to the 50% median level currently required when analyzing sediment toxicity for causative pollutants.  



The Draft Policy specifies that if sediment quality guidelines (SQGs) are used to associate a pollutant or pollutants with observed sediment toxicity, only guidelines that predict toxicity in 50 percent or more of the samples analyzed, such as NOAA’s Effects Range Median (ERM), should be used. The justification for using an elevated toxicity rate is because SQGs have limited predictive capacity.  



The restriction of using only SQGs that correlate with observing effects in 50% or more of the samples is far too restrictive for evaluation of all contaminated sediments throughout the State.  The imprecise predictive capacity of SQGs cited as the reason the policy is restrictive is exactly why it is imperative that the regional boards also considered SQGs that represent lower toxicity probabilities in their analysis of causative pollutants.  Lower effects level SQGs indicate that toxicity was observed in numerous species, based on rigorous scientific and statistical analysis.  For example, NOAA’s “Effects Range Low” (ERL) values were calculated based on observing toxicity in 10% of all test species represented in a nationwide database. According to the researchers who developed the ERL/ERM approach, concentrations above the ERLs indicate possible toxicity.
  Since exceedances of lower effect SQGs such as ERLs represent statistically significant toxicity observed in a percentage of species, exceedances of lower effect SQGs should be considered as one line of evidence in the analysis of causative pollutants. 



There are numerous situations in which restricted analysis of sediment toxicity to only ERM-equivalent SQGs could result in a failure to identify the pollutants causing the toxicity.  For example, in situations where the sediment contains many different pollutants (which is often the case for sediment), if multiple pollutants exceed lower effects levels, it is highly likely these pollutants collectively are contributing to the toxicity, even if ERMs are not exceeded.  In fact, the SWRCB acknowledges that SQGs are most predictive of toxicity if several values are exceeded.
  Lower effect levels should also be considered if the toxicity is being observed in species that are particularly sensitive to benthic contamination, or for water bodies with special species of concern.  For example, the proposed ERM-based listing policy would allow sediments toxic to echinoderms (often the most sensitive category of marine organisms) without listing the sediments as impaired, thereby accepting this degraded condition.   



We therefore urge the Board to require consideration in Draft Policy Section 6.2.3 of exceedances of lower effects level SQGs, including NOAA’s ERLs and Florida’s threshold effects level (TELs), in addition to the higher effects-level SQGs, for identification of pollutants causing sediment toxicity, and revise the language in Issue 5C of the FED accordingly. 



F. Preferred Approach for Recreational Waters



The Draft Policy should restrict assessment methodology of marine beach recreational water quality to a reference-system approach.  Allowing a 10% exceedance rate year-round and a 4% exceedance during the summer months fails water quality standards, is not scientifically defensible and will likely result in beaches not being listed that are unsafe for swimming.  




The Draft Policy for evaluating recreational waters should be restricted to a reference-system approach.



We support the Draft Policy's recommendation that a reference system approach should be used to assess marine beach water quality for listing purposes.  Comparison to an appropriate reference system is the most scientifically defensible and protective approach to accounting for background levels of bacteria at marine beaches and to prevent further degradation of water quality.  This approach is recommended by the State's Beach Water Quality Work Group (BWQWG), which is comprised of microbiologists and scientists from local health agencies, POTWs, stormwater agencies, researchers, and nonprofit groups (Heal the Bay is an active member).  Additionally, the reference system approach is used in the Los Angeles RWQCB's bacteria TMDLs for the Santa Monica Bay Beaches, Marina Del Rey, and Malibu Creek, based on the recommendation of a stakeholder technical advisory committee after three years of study and analysis.



However, the Draft Policy also allows the use of a 10 percent exceedance rate with a confidence level of 90 percent using a binomial distribution, a 25% exceedance rate for small sample sets, and a 4% exceedance rate is allowed between the AB 411 months of April and October.  As further discussed below, these exceedance rates are arbitrary, not scientifically defensible, and are far too high for protection of REC-1 usage.  



The SWRCB offers no justification for allowing any other type of assessment aside from the reference system approach.  Based on Heal the Bay's comprehensive database of bacteria monitoring results from County health agencies across the State, it should not be very difficult for the regional boards throughout the State can identify reference beaches for all beaches used for recreational purposes.  The Draft Policy should be revised to
require a reference-system approach for the evaluation of marine recreational beaches.




Section 3.1.3 should clearly state that no exceedances of the State's health-based standards are acceptable at marine recreational beaches unless the exceedences are attributable to background levels of bacteria. 



As currently drafted, the policy is unclear on the reason that any exceedance rate is tolerated before a water body is listed (see Draft Policy Section 3.1.3).  This section should be revised to clearly state that no exceedances of the State's health-based bacteria standards for marine beaches are acceptable unless it can be demonstrated, by comparison to an appropriate reference site, that these exceedances are due to background levels. 



It should be noted that discounting background levels of bacteria is not inconsistent with our position, stated elsewhere, that water segments impaired by natural sources should be listed.  From a scientific prospective, unlike most other types of pollutants, natural sources of bacteria are ubiquitous in the environment, originating from natural organic materials, wildlife, and soil.  Additionally, bacteria are indicators, or surrogate measures, of the presence of human pathogen, the pollutant we actually wish to control.  These factors suggest that background levels cannot (and possibly should not) be controlled.   From a practical perspective, background bacterial concentrations are typically so low that their exclusion from water quality assessments will not generally change the outcome of listing decisions. This can be clearly demonstrated through analysis of the extensive bacteria database that exists for California beaches, which are some of the most monitored beaches in the country, which shows water quality at many beaches throughout the State rarely exceed the State’s health-based standards, particularly during the AB-411 time period.



The 4% exceedance rate allowed in the policy for assessing dry summer season conditions at beaches in lieu of a reference system is arbitrary.  



The Draft Policy allows a 4% exceedance rate during the AB 411 monitoring time period (summer dry weather), which is far too high, based on statewide monitoring data.  In the Santa Monica Bay Beaches TMDL, the reference site is a popular beach located in northern Santa Monica Bay.  Daily monitoring for five years showed no exceedances during summer dry weather at this beach.
   More significantly, water quality at many beaches in California meet the state's bacteria standards throughout the summer.  For example, during the AB 411 time period of 2002, at least 34% of the 420 beaches routinely monitored showed no exceedances of state health standards during the AB 411 timeframe.
   In fact, most beaches in the South Bay portion of Santa Monica Bay do not exceed the 4% frequency on a year-round basis, let alone for the summer dry weather.



The 4% exceedance rate was derived from a study of Southern California completed by SCCWRP and others as part of the Bight '98 study.
  This study was not designed to establish exceedance rates due to background bacterial concentrations.  The study did not consider whether anthropogenic sources other than storm drains were potentially contributing to bacteria at the beach; i.e, the study beaches may have been impacted by a wide variety of sources including septic tanks, boats, anthropogenic-related bird and animal wastes, etc. Additionally, the study is a snapshot study, in which sampling was conducted weekly during a 5-week period of one summer.  The results are not temporally-representative of unimpacted beaches during the dry season.  The Draft Policy should not rely on snapshot data when there are years of routine monitoring data available for many California beaches.  In summary, the use of this data in the context of assessing marine beaches for impairment is scientifically inappropriate.



Allowing a 10% exceedance rate plus a confidence level of 90% in a binomial distribution at marine beaches is arbitrary, is not protective of public health, and allows an exceedance rate far higher than the exceedance rates observed at many polluted beaches in California.



The policy specifies that if the reference system is not used, a marine beach will not be listed unless the observed exceedance rate is 10% or greater with a 90% confidence level using the binomial model.  This translates to a 17% exceedance rate at beaches monitored weekly (the most common monitoring plan at California beaches) using Table 3.1 of the Draft Policy.  This is an extremely high rate of exceedance of California's health-based standards, which are designed to meet the federal marine beach criteria.  Clearly, this policy will result in the failure to list beaches that frequently pose a health risk above the U.S. EPA's recommended health risk rate of 19 swimmers per 1,000 for gastrointestinal illnesses and that are not supporting a REC-1 beneficial use designation.



The recommended 10% threshold is not supported by existing data.
  For example, data analyses conducted for the bacteria TMDLs for Santa Monica Bay do not support a 10% exceedance rate.  Analysis of five years of routine monitoring data at 55 beaches showed that 35 beaches had an average exceedance rate of less than 10% per year.  In other words, 61% of the beaches routinely monitored in Santa Monica Bay have an exceedance rate of less than 10%, yet most of these beaches are monitored because they have sources of bacteria nearby such as storm drains.  Thus, many beaches with sources of bacteria have a lower exceedance rate than the rate the state is using.



The SWRCB provides no justification for applying the binomial model with a 10% exceedance rate to the assessment of marine beaches for protection of human health.  The policy fails to explain how this 10% relates to implementation of the health standard.  Instead, this percentage is from an outdated recommendation from EPA for interpreting fecal coliform data.
  This threshold was not recommended by EPA in their most recent guidelines for interpreting bacteria data for listing purposes in the May 2002 draft Implementation Guidance of Ambient Water Quality Criteria for Bacteria.  In fact, none of the U.S. EPA's most recent guidance documents on management of public health protection or assessment of recreational water bodies recommends this high exceedance rate.



The policy's exceedance threshold of 25% for small sample sets (less than 20 samples) is arbitrary and is far too high to ensure recreational waters that are monitored infrequently are meeting their beneficial uses.  Again, the SWRCB provides no justification for setting this threshold.



The policy does not address the State's health-based geometric mean standards for marine beaches. 



The Draft Policy fails to provide guidance on how to assess marine beaches relative to the State's health-based geometric mean standards.  It is particularly essential to protection of public health at California beaches to ensure the geometric mean standards are being met.  The basis for the federal and State's enterococcus criteria is the geometric mean value, which is directly linked to health risks.
  The geometric mean integrates several data points and accounts for magnitude.  Also, the recent amendment to the Ocean Plan strengthens the State's reliance on the geometric mean standards for fecal bacteria to protect REC-1 waters.
  



We recommend that the geometric mean standards are strictly applied at marine beaches.  This is consistent with Region IV's bacteria TMDLs and the proposed amendments to the California Ocean Plan.  We recommend that two or more exceedances of the geometric mean should be the threshold for listing recreational beaches.



Beach closures due to sewage spills should be used in the listing decision. 



Contrary to Section 3.1 of the Draft Policy, beaches that are closed often due to reoccurring sewage spills should be listed as impaired since the beneficial use is lost.  The listing process does not take rain advisories, which result in the direct loss of a beneficial use, into account for beaches that are not routinely monitored during wet weather or during the non-AB 411 season. 



Extensive data demonstrates that many AB 411 beaches have poor water quality during wet weather.
   Many routine beach monitoring programs suspend monitoring during rain events.  At these beaches, the local health officer is relying on rain advisories in lieu of monitoring data to protect public health and, therefore, the only information available to the public about the quality of water at these beaches is the rain advisories.  Thus, the rain advisories become a de facto measure of the loss of beneficial use at these beaches.  Regional boards that do not use rain advisories in the listing process for beaches that are not routinely monitored during wet weather or during the non-AB 411 season provide an incentive for monitoring agencies to suspend monitoring during these time periods and instead rely on rain advisories, thus avoiding 303(d) listing of beaches that are polluted during the wet season.  Until wet weather monitoring is conducted at a beach and actual monitoring data is available to assess these conditions, rain advisories must be used in the listing process in some manner to account for the loss of the beneficial use of recreating at marine beaches during wet weather.



We urge the SWRCB to revise Section 3.1 to allow for listing in the face of wet weather advisories and to craft this listing policy in a manner that provides incentives for monitoring during wet weather, as opposed to the current Draft Policy, which provides a disincentive. Wet weather is a peak recreational use period for surfers, which are currently not protected by the 303(d) listing process.  



In summary, we recommend the following modifications for the listing of recreational waters:



· Require the use of a reference beach for the assessment of all marine beaches. 


· Remove the alternative assessment methodologies from the Draft Policy


· Clarify Draft Policy Section 3.1.3 with language that clearly states exceedances of the health-based standards are not allowed unless these exceedances are due to background bacterial concentrations as demonstrated by comparison to a reference site.


· Require listing if two or more exceedances of the geometric mean standards are observed.


· Require the listing of beaches that fail to meet the listing criteria because of reoccurring sewage spills.


· Require consideration of rain advisories in the listing process if the beach is not routinely monitored during wet weather.




G. Preferred Approach for Addressing Spatial/Temporal Variability



Spatially and temporally variable data, as discussed above, are not amenable to the cut-and-paste binomial methodology, which masks such variability.  Accordingly, we recommend that such datasets be evaluated under a meaningful weight of evidence approach.  Under such a methodology, Regional Board staff would be able to detect “hotspots,” trends and periodicity in data and evaluate whether these are evidence of real water quality problems.



To reiterate our recommendations from Section V. above, the Policy should be revised to:



· remove the requirement related to seven days averaging and the requirement of a predetermined timeframe to determine the temporal independence of samples, and replace it with language that states the data evaluation should consider the temporal representation of the samples, particularly with regard to site-specific characteristics including climate conditions at the time of sampling;


· remove the language related to 200 meters and replace it with language that states the data evaluation should consider the spatial representation of the samples, particularly for samples collected in close geographic proximity relative to site-specific characteristics and the location of potential sources;



· remove the language that provides the general definition that temporal representation can be obtained by collected data in two seasons or two events; 



· apply the discussion in the FED on spatial and temporal representation to the Draft Policy, including discussion of the general factors that should be considered to evaluate data representation (e.g. variability in weather, seasonal influences, sources, critical condition, land use, flow rates, depth, current, temperature, sunlight, geology, etc.).



H. Preferred Approach for Nutrients



The Board should remove the requirement that listing for impairments related to algae and excessive levels of nutrients must be based on the use of numeric guidelines.  Numeric guidelines for algae and nutrients that meet the requirements of section 6.2.3 and can be used per section 3.1.1 do not exist.    



We agree with the overall approach of Alternative 3 in Issue 4G of the FED, “Interpreting Nutrient Data.”  In particular, we support the following “….RWQCBs should use models, scientific literature, data comparisons, to historical values or to similar but unimpacted streams, Basin Plan objectives, or other scientifically defensible methods to demonstrate that nutrients are to blame for the observed impacts.”  However, the Draft Policy seems to contradict this recommendation by strictly requiring the use of numeric guidelines that meet the requirements of Section 6.2.3 in conjunction with the binomial model.  Section 3.1.7.1 of the Draft Policy states that “[f]or excessive algae growth, unnatural foam, odor, and taste, acceptable nutrient-related evaluation guidelines are exceeded as described in section 3.1.1.”  Section 3.1.1. specifies listing requirements when numeric water quality objectives are exceeded (specifically, the use of the binomial model), and Section 6.2.3 requires the use of numeric guidelines for narrative objectives.



As the FED seems to acknowledge (contrary to the Draft Policy), there are no universally accepted guidelines for bio-stimulatory impacts caused by nitrogen or phosphate.  In addition, there are no accepted numeric limits for algae.  Thus, Section 3.1.1 does not apply to nutrients or algae.  As discussed herein, strictly requiring the use of numerical guidelines to interpret narrative standards (and then applying the binomial model) is inappropriate for many impacts, including nutrients, because (again) no universal numerical guidelines exists.  Nutrient and algae impairment assessment needs to be based on a reference system approach that accounts for site-specific or region-specific conditions.  Additionally, there are other, more technically-desirable and scientifically-defensible methods for quantitatively evaluating narrative objectives than applying general numeric guidelines, such as the reference system approach. 



As currently drafted, the policy will effectively eliminate the listing of all impairments related to nutrients and algae, because no universal numeric guidelines exists that meet the requirements in Section 6.2.3, and because the policy does not allow for the use of other scientifically-valid, quantitative approaches like the reference system approach. 



To assess nutrient-related impairments, use of a reference system approach is a quantitative method that is scientifically sound and technically defensible.  This approach is consistent with Alternative 3 in the FED.  Therefore, we urge the Board to:



· Remove the language in Section 3.1.7.1of the Draft Policy that is nutrient-related and add in language from the FED Alternative 3, including the following: “RWQCBs should use models, scientific literature, data comparisons to historical values or to similar but unimpacted streams, Basin Plan objectives, or other scientifically defensible methods to demonstrate that nutrients are to blame for the observed impacts.”



· Emphasize the use of a reference system approach for identifying impairments related to nutrients and algae as a defensible and technically-sound approach.



· Delete the language in the FED Issue 4G regarding the use of nutrient ratios, since there is no scientific bases for determine nutrient limitation in freshwater systems based on nutrient ratios alone.



With respect to the last bullet, the FED states “If listing for nitrogen or phosphorous specifically, RWQCBs should examine the ratio of these two nutrients to determine the limiting agent.”  Nutrient ratios alone cannot be used as an indication of which nutrient is actually causing impairment.
  In freshwater, nutrient limitation can only be determined experimentally, for example by in situ experiments with nutrient diffusing substrates.  Further, the results of these experiments may be highly site-specific.  For example, the Los Angeles Regional Board has done studies like this with SCCWRP, and the results showed that one nutrient was limiting in some creek segments, while the other nutrient was limiting in other segments.
  Finally, this approach is also flawed because very high algal cover can exist at sites where one nutrient is extremely low, if the other nutrient is above background concentrations for that creek.  For example, in Malibu Creek, where nitrate is consistently <0.05 mg/l and phosphate is consistently above 0.15 mg/l, algal cover consistently exceeds the 30% cover defined as nuisance by the USEPA (in the Malibu Creek algae TMDL).  In this case, nitrate would be the limiting nutrient, but it would be impossible to get the nitrate any lower.  Instead, lowering the phosphate concentrations in the water to reference condition concentrations would likely result in decreased algal cover, as seen at reference sites.



Therefore, we urge the Board to remove the language related to the use of nutrient ratios from the FED.
 



I. Preferred Approach for Nuisance



Many of the pollutants characterized as “nuisances” may pose serious threats to aquatic habitat, recreation, fishing, and other important beneficial uses.  The FED recommended a nuisance rule that would use both quantitative and qualitative information.  The policy should contain a procedure that allows both quantitative and qualitative data and information in the evaluation of nuisance.
  According to the FED: “When qualitative information is combined with quantitative data related to pollutants, such as excessive nutrients, multiple lines of evidence provide strong support for placement on the section 303(d) list.”
  



In light of this hearty endorsement of the value of quantitative and qualitative information in combination, it was surprising to us that section 3.1.7 of the Draft Policy (“Nuisance”) provides that nutrient-related nuisance conditions and other types of nuisance conditions, in general, should be assessed using the binomial listing factors.  There is no justification for requiring the use of the 10% binomial approach in these circumstances, particularly when many of the Basin Plans contain water quality objectives that do not appear to authorize such high exceedance frequencies.  This is particularly troublesome in light of the fact that impairment by nutrients is often best demonstrated using multiple lines of evidence – a demonstration that is not possible under the binomial listing factors.  As discussed elsewhere in this letter, we urge the SWRCB to adopt a reference-based approach for nuisance conditions related to nutrients.



Other types of nuisance conditions, including taste, color, oil, sheen, turbidity, litter, trash and odor – when they are not related to nutrients – may be listed when “there is a significant nuisance condition when compared to reference conditions.”  We support the use of reference condition approaches in evaluation of these parameters, and we request that this provision be expanded to include nutrients and nutrient-related nuisance conditions.  However, other qualitative approaches may be useful in assessing nuisance conditions as well, which the Draft Policy does not appear to provide for the use of.  The Draft Policy should be modified to explicitly provide for the use of other scientifically-based, qualitative approaches.



J. Preferred Approach for Sedimentation, Adverse Biological Response, and Degradation of Biological Populations and Communities





Data used to assess impairment related to biological impacts from sedimentation, adverse biological response, and degradation of biological populations and communities often does not lend itself to the narrowly allowed data analysis methodologies of the draft policy.  For example, the draft policy states sedimentation and degradation of biological populations and communities should be evaluated using the binomial model (Sections 3.1.8 and 3.1.9).  Even if an alternative evaluation method was allowed by the policy for these impacts (the Policy is unclear on this issue), the requirements for this alternative evaluation are severely limited by statistical requirements (Section 6.2.3).





Evaluation of impacts related to sedimentation, adverse biological response, and degradation of biological populations and communities requires multiple lines of evidence (as noted in the FED).  Currently, the Draft Policy does not appear to allow a weight of evidence approach for these impairments.  Furthermore, the Draft Policy appears to eliminate the use of many, scientifically-accepted and recommended approaches to evaluating biological impacts.
   For example, the policy seems to not allow the use of the California Department of Fish and Game’s Index of Biological Integrity.
  By doing so, the draft policy effectively blocks the use of many types of biological datasets and bioassessment studies from consideration in the listing process, and effectively blocks most listing related to biological impacts.





The policy does allow the use of a reference system approach for evaluation of adverse biological response (Section 3.1.8).  This type of approach, along with other scientifically-accepted methodologies should be allowed by the draft policy for consideration of listing related to sedimentation and degradation of biological populations and communities, in addition to adverse biological response.      



In addition, the policy regarding bioassessment should be revised to allow for other entities, aside from the Regional Boards, to establish and collect data from reference sites for the purposes to identifying and quantifying water quality impairment. 



 As currently drafted the Draft Policy appears to block the use of bioassessment studies that are not completed by the Regional Boards.  The SWRCB’s chosen alternative for assessing degradation of biological populations or communities repeatedly contains language requiring the regional boards to “clearly document how reference sites are selected and used” and “describe the habitat they are sampling and why it was chosen.”  This language appears to imply that only data collected from bioassessment studies conducted by the regional boards can be used in the assessment of biological communities for the purposes of listing.  In practicality, bioassessment studies are completed by other State and federal agencies (resource agencies), research groups, academia, the regulated community, and non-profits.  



We therefore urge the Board to revise the language in the FED that all readily available bioassessment data will be considered for listing purposes, and add this language to appropriate sections of the Draft Policy.  In addition, the Draft Policy should explicitly state that assessment for biologically-related impacts often requires the use of multiple lines of evidence, in a weight of evidence approach.  The next section of this letter discusses our comments regarding specific requirements for using a weight of evidence approach in the listing process.



Finally, as discussed elsewhere in these comments, the Policy should allow listing based solely on adverse biological response and degradation of biological populations and communities without requiring identification of the causative pollutants.  Specifically, in section 3.1.8 and 3.1.9, the following sentence should be included (as it was in section 3.1.6 on toxicity) “Waters may be placed on the section 303(d) list for adverse biological response (or degradation of biological populations and communities).” 



K. Alternative Data Evaluation



As discussed in Section VII. above, the binomial approach proposed by SWRCB is rife with deficiencies.  For example, the binomial method cannot and does not account for the magnitude of the exceedance, temporal or spatial variability in data, the existence of trends, whether past exceedances are likely to recur, or how various lines of evidence might “fit” together to support a listing or delisting decision.  Additionally, many types of data do not always lend themselves to the binomial model approach such as data used to assessment impairments related to biological impacts, nuisance, sedimentation, nutrients, and narrative objectives.  The purpose of providing an alternative to the primary listing factors should be to mitigate the shortcomings of the statistical approach.



The proposed “Alternate Data Evaluation” process does not provide a robust and comprehensive alternative to the binomial because, among other things:



· it requires an excessively rigid statistical approach;



· it does not provide for consideration of multiple lines of evidence; and



· its provisions requiring comparison with numeric standards are too restrictive.



With respect to the first bullet, the Alternative Data Evaluation process as proposed requires a statistical approach so rigid as to make it essentially unworkable.  The Alternative Data Evaluation section establishes six strict criteria that must be met in order to justify a listing.  The most troubling of these criteria is the requirement that the evaluation be made using a statistical method with a confidence level equivalent to the SWRCB’s binomial approach and that tests a null hypothesis that water quality standards are attained.  As discussed elsewhere in this letter, other statistical approaches are just as likely as the binomial approach to fail to consider exceedance magnitude, temporal and spatial variability, and trend information.  The requirement that any alternative approach be equally statistically rigid severely hamstrings the Regional Boards and prevents the application of a true weight-of-evidence approach in circumstances where the binomial evaluation “masks” critical water quality information.  This may not have been Staff’s intent.  According to the FED, the intent of this section was to allow the use of a weight-of-evidence approach in situations where multiple lines of evidence exist, conflicting lines of evidence exist, or additional data is available that suggest the water body may be impaired.
  Unfortunately, the Appendix is inconsistent with this intent. 



With respect to the second bullet, the Alternative Data Evaluation provisions do not provide for the consideration of multiple lines of evidence.  Under SWRCB’s proposal, an alternative data evaluation approach can be used for data “not otherwise addressed” in the listing guidance or “where an individual line of evidence would not support placement of the list.”
  However, an individual line of evidence will often be insufficient for a comprehensive assessment of water quality in a water segment.  Specifically, assessments for human health, toxicity, nuisance condition, adverse biological responses, degradation of biological populations or communities, and trends in water quality often require multiple lines of evidence to determine if standards are attained.
  SWRCB’s proposed language appears to inappropriately limit the use of a weight of evidence approach and does not allow the use of this approach when considering listing factors that require multiple lines of evidence for listing.  In addition, section 3.1.11 does not clearly allow use of the Alternative Data Evaluation approach when “available lines of evidence may conflict,” or when “there may be circumstances when additional or conflicting lines of evidence may compel RWQCBs to place water bodies on the section 303(d) list.”



 



Finally, with respect to the third bullet, the Alternative Data Evaluation provisions requiring comparison with numeric standards are far too restrictive.  The SWRCB’s proposed policy requires that the data used in an alternative evaluation can be compared to numeric objectives, criteria or guidelines. This provision will effectively curtail the use of numerous types of data: data from academic special studies; data that do not lend themselves to statistical evaluation like fish kill data; data that cannot be compared to numeric guidelines; and several scientifically-valid types of analysis including reference system approaches like California Department of Fish and Game’s IBI methodology. 



We recommend that California’s listing policy should instead include an Alternate Data Evaluation section that considers the critical data and information that the binomial method filters out.  Specifically, the SWRCB should adopt a true weight-of-evidence approach as required by the Legislative Analyst’s Office in its Supplemental Report on the 2001 Budget Act, of which relevant sections are included in Appendix IV.
  Such an approach would be used when the binomial method or other recommended listing approaches do not result in the listing of a water body, and there is evidence or additional information that indicates that water quality criteria may be exceeded.  Water segments shall be placed on the section 303(d) list if the weight of evidence demonstrates that water quality impairment exists.  When recommending listing based on the weight of evidence, the RWQCB should justify its recommendation to list by:



· providing any data or information supporting the listing;



· describing the methodology for making the listing decision;



· describing how the data or information are relevant to the water quality standard; and,



· demonstrating that the weight of evidence of the data and information indicate that water quality impairment exists.



 



Data and information used in the weight of evidence evaluation may include, if available:



 



· magnitude of standards exceedances or impairments;



· frequency of standards exceedances or impairments;



· comparisons to reference conditions in similar waters;



· adverse biological responses, such as reduction in growth, reduction in reproductive capacity, abnormal development, histopathological abnormalities, and other adverse conditions;



· degradation of biological communities, including but not limited to diminished numbers of species or individuals of a single species;



· nuisance conditions such as odor, taste, excessive algae growth, foam, turbidity, oil, litter or trash, and color;



· photographic evidence of standards non-attainment;



· pollution events;



· specific water body or watershed characteristics;



· calibrated and validated modeling results; or



· potential impacts to humans or wildlife from consumption fish or shellfish.



 
In addition, the SWRCB should remove the following language from requirements on alternative guidelines or methods used to interpret narrative objectives:  “Previously used or specifically developed to assess water quality conditions of similar hydrographic units.” This requirement is nonsensical because it has no bearing on the quality and appropriateness of the guideline in question.  For example, a new numeric guideline may be developed as a result of extensive studies to evaluate a specific water quality problem.  According to the draft policy, this guideline could not be used in the listing process if is has never been used before or if the developer did not specifically state it’s use for certain hydrographic units.



Furthermore, the SWRCB should remove the following language from requirements on alternative guidelines or methods used to interpret narrative objectives: “For non-threshold chemicals, risk levels shall be consistent with comparable water quality objectives or water quality criteria.  Risk levels are rarely determined by many scientifically-acceptable methods for evaluating biological and ecological impacts.  This is because, in many cases, risk levels can not be conclusively calculated without the use of multiple assumptions that can be easily manipulated.  Thus, this requirement could significantly limit the use of data and analysis from peer-reviewed, scientifically-defensible efforts or could force the completion of uncertain, and largely useless, risk assessments. 



L. Preferred Approach for Interpretation of Narrative Water Quality Objectives



Federal regulations explicitly require that attainment of narrative water quality standards should be assessed in developing the Section 303(d) list.  Although “[t]he SWRCB and RWQCBs have used a variety of guidelines or scientifically derived values to interpret narrative water quality objectives,”
 other narrative objectives defy such interpretation.  Consequently, a state’s policy for interpretation of these objectives must be flexible enough to provide for interpretation of such objectives.



 



The proposed policy does not provide a flexible comprehensive policy for interpretation of narrative water quality standards.  Rather, it unlawfully undercuts the basic requirement of Section 303(d), which does not limit TMDL preparation or listing to violations of narrative objectives only when they can be translated under certain rules.   By imposing these rules, the policy departs not only from the weight-of evidence approach required by state law, but also from the most basic mandates in Section 303(d).



 The only discussion of interpretation of these standards comes in the Alternate Data Evaluation section of the Appendix, which contains the following requirements relevant to narrative water quality objectives: 



· The data and information can be compared to applicable water quality objectives, water quality criteria, or numeric guidelines;



· Corroborating evidence from independent lines of evidence show narrative water quality standards are not attained.



As noted above, there are several types of impairment that cannot be adequately assessed by available numeric guidelines.  Most significantly, there are no universal numeric guidelines for impairments such as those associated with nutrients, algae, turbidity, trash, color and oil.  Moreover, there are several reliable quantitative methods that assess narrative objectives that do not rely on available numeric guidelines, most notably reference system based approaches and use of translators of all types, as recommended by EPA.  The Draft Policy does allow for the use of evaluation guidelines other than those specifically named in the policy.
  However, the provisions of the Alternate Data Evaluation section so narrowly circumscribe the use of these guidelines that many available numeric guidelines – particularly the reference-system based approaches and translators – would be unusable.  Consequently, these restrictions eliminate much of the practical value of narrative water quality objectives. 



 



Moreover, these restrictions are inconsistent with the EPA’s recommended approach of using different types of translators for evaluating narrative objectives. According to the EPA, “[a] ‘translator’ identifies a process, methodology, or guidance to quantitatively interpret narrative criteria statements.  Translators may consist of biological assessment methods (e.g., field measures of the biological community), biological monitoring methods (e.g., laboratory toxicity tests), models or formulae that use input of site-specific information/data, or other scientifically defensible methods.”
   In other words, EPA’s interpretation of the term translator evinces a much broader understanding of what tools may be used to interpret narrative objectives.  



 



In particular, the Draft Policy does not allow the use of a reference system to evaluate compliance with narrative standards.  This is problematic for several reasons.  First, such a policy is inconsistent with EPA’s policy on translators, which would clearly permit the use of a reference system approach to quantitative evaluation of narrative objectives.  Second, from a technical perspective, a reference system approach or an indices approach are scientifically better accepted for evaluating compliance with narrative standards because they can account for site-specific characteristics.
  Consequently, it is the approach most academic studies use to quantify biological and ecological impacts and the factors contributing to those impacts.  For example, the California Department of Fish and Game’s IBI methodology is a reference-based approached developed specifically to evaluate the health of California’s freshwater systems.
  Data from this peer-reviewed method does not meet the narrow requirements in the Draft Policy for narrative objective evaluation and could not be used.  



 




We recommend that the Draft Policy be revised to avoid restricting interpretation of narrative objectives to numeric guidelines.   The Policy should allow for the use of other scientifically defensible methods, including EPA’s recommended use of translators and reference system-based methods.   A weight-of-evidence approach should be allowed for evaluation of narrative objectives.  



 



The intent of the SWRCB appears to be to allow the use of a weight-of-evidence approach in some circumstances.
  The weight-of-evidence approach is for the interpretation of narrative objectives because of the nature of the data and analytical methods necessary to evaluate narrative objectives.  Such an approach should be outlined in a new Draft Policy section “Evaluation of Narrative Criteria.”  In this section, use of interpretative tools other than the numeric guidelines – including biological assessment methods, biological monitoring methods, models or formulae that use input of site-specific information/data, reference-based systems, and other scientifically defensible methods – should be explicitly permitted.




In addition, the Draft Policy should not require that methods used to interpret narrative objectives be “[p]reviously used or specifically developed to assess water quality conditions of similar hydrographic units.”
  This requirement is inappropriate because it has no bearing on the quality and appropriateness of the guideline in question.  Finally, the Draft Policy should not require that “[f]or non-threshold chemicals, risk levels [] be consistent with comparable water quality objectives or water quality criteria.”
  Risk levels are rarely determined under many scientifically defensible methods because, in many cases, it would be impossible to do so without making multiple assumptions that can be easily manipulated.  Consequently, this requirement could significantly limit the use of data and analysis from peer-reviewed, scientifically defensible efforts. 



IX. RECOMMENDED METHODOLOGY FOR IDENTIFYING “CLEAN” WATERS (“DELISTING”)



We have a number of comments on the Draft Policy’s delisting proposal.  Most significantly, it suffers from the same problems inherent in the Draft Policy’s other sections (such as the appropriate use of the binomial model, use of available data, and proper interpretation of water quality standards provisions).  These issues were all put to the state’s attention by EPA last June; unfortunately, the problems remain.  Specifically, EPA states that the assumptions behind the proposed delisting provisions “will need to be re-visited to be consistent with EPA’s expectations . . . since [the underlying assumptions] may not be consistent with applicable water quality standards.”
  


Delisting requirements should include specific requirements on data representation.



First, delisting requirements should include specific requirements on data representation.  The Draft Policy currently requires a minimum of 22 samples before a water body can be evaluated for delisting.  However, the policy contains no specific data representation requirements for these 22 samples, such as the minimum timeframe in which these samples can be collected and specific conditions that should be captured.



Unlike listing, delisting decisions will often be made based on data collected in studies and monitoring efforts specifically designed and implemented to support delisting decisions.  These data collection efforts will come through TMDL-related activities, enforcement-related actions, and stakeholder-driven studies efforts.  The delisting policy should include specific data representation requirements for these studies and monitoring activities.  Moreover, given the significant ramifications of delisting a water body, it is imperative that the SWRCB ensures that delisting decisions are based on data that comprehensively characterizes water quality.  Finally, and importantly, establishing specific data requirements will greatly enhance the certainty that studies conducted by the regulated community and stakeholder groups provide the appropriate data for delisting evaluation.   



Accordingly, the Draft Policy currently does not provide for the “margin of safety” called for in the Clean Water Act.  For instance, a fixed time period will not be sufficient for many circumstances.  As an example, if a harbor is listed for synthetic chemicals that adhere to fine sediment particles, it will need to be monitored for a sufficient period of time to include rainy seasons that drive the fate and transport of the substances.  A Draft Policy that had an appropriate delisting margin of safety would include guidance establishing a minimum (rather than fixed) sampling time period, as well as a minimum sample count.  



Therefore, in addition to requiring a minimum sample size of 22, the delisting policy should clearly require that data meet the following specific representation requirements for all delisting evaluations:



· A minimum timeframe for data collection must be established.  We recommend that the data represent a minimum of three years.  It is imperative that a minimum time period be represented in the data to account for temporal variability, which can be significantly related to a host of factors including climate and seasons.  In particularly, rainfall conditions greatly influence water quality in most water bodies.  In California, drought conditions have lasted for more than six years at a time.  So, a three-year requirement should be viewed as an absolute minimum.



· Critical conditions must be represented sufficiently within the dataset or study.  Critical conditions must be identified, including a detailed explanation on how the critical conditions were determined.  Since the critical condition is the condition in which pollutant loads or impacts are expected to be greatest, sufficient representation of this condition within the dataset requires that a significant portion of the total dataset was collected under this condition.  



The policy should clearly state that delisting evaluations will be conducted only when new data meet the policy’s minimum requirements, and that re-evaluations of existing data should not occur unless it can be demonstrated that the listing was based on faulty data (as defined) or if objectives and standards have been revised.



The policy should also clearly state that delisting evaluations will be conducted only when new data meet the policy’s minimum requirements, including sample size, data representation, and data quality requirements.  The Draft Policy is unclear on the data requirements that must be met before a delisting evaluation will be conducted.  Section 4 of the Draft Policy does state that re-evaluation shall occur if the listing was based on faulty data.   However, it is unclear whether delisting evaluations can be requested using existing and previously evaluated data because application of the new listing policy guidelines may result in a delisting.  As currently drafted, it appears possible that delisting requests could occur for virtually every listed water body, based solely on the potential that a different outcome in data evaluation could be obtained from the original listing process because of the new guidance policy.  For example, delisting requests could be made for listings made for failure to meet narrative objectives if the listing data analysis did not use numeric guidelines to interpret the narrative objectives.



Accordingly, two clarifying items should be added to Section 4 of the Draft Policy:



· Delisting evaluations will only be conducted when new data (data not evaluated for listing) meet the policy’s minimum requirements for data, including sample size, data representation, and data quality requirements.



· Re-evaluation of existing data should not be conducted unless it can be demonstrated by the questioning party that the listing was based on faulty data or if objectives and standards have been revised. 



The delisting policy fails to ensure that delisting thresholds for listings based on an alternative evaluation methodology are more rigorous than the listing policy.  



There are several types of impairments that do not lend themselves to evaluation through the binomial model approach, including those impairments in which no general numeric standards or thresholds are available, such as failure to meet certain types of narrative objectives, degradation of biological populations and communities, sedimentation, nutrient-stimulatory impacts, and trash.  For these impairments, a listing should be made based on alternative evaluation analyses using other scientifically-acceptable, quantitative methods in a weight-of-evidence framework.



As currently drafted, the delisting policy fails to ensure that delisting is based on an evaluation approach that is comparable, and more rigorous than the listing evaluation approach.  For example, a water body could be listed because a study conducted based on California’s IBI approach for assessing freshwater showed impairment of a biological population.  However, the policy would allow delisting of this water body if water numeric pollutant-specific evaluation guidelines are exceeded in fewer than 10% of the samples with a 90% confidence level using the binomial model.  Since a general numeric guideline comparison approach can be used to delist the water body, it is possible that the delisting threshold could be lower than the listing threshold, which was based on a site-specific study.  Inconsistency between listing and delisting thresholds is particularly problematic for recreational beaches, for which the policy recommends a reference-system approach for listing and the binomial model for delisting. 




Accordingly, we recommend that the delisting policy be revised to require the demonstration that the delisting threshold is more rigorous that the listing threshold.  In most situations, the listing and delisting evaluation methodologies should be consistent to ensure that the delisting threshold is more rigorous.  



The delisting policy for marine recreational waters should require the use of a reference system approach to ensure consistency between the listing and delisting decisions regarding these water bodies.



The listing policy for marine recreational waters recommends the use of a reference site to account for exceedances of health-based bacteria standards that occur due to natural sources.  The delisting policy for recreational beaches uses an exceedance threshold of 10% using the binomial distribution for a confidence level of 90%.  These two approaches are inconsistent, and could result is a delisting threshold that is less rigorous than the listing requirements, depending on reference beach used to list.  For example, a beach could be listed because it has an exceedance rate greater than its associated reference beach, but if the reference beach has an exceedance rate lower than those listed in Table 4.1 (the binomial model for delisting), the beach could then be eligible for delisting – not because water quality at the beach has improved, but because the delisting threshold is lower than the listing threshold.



More importantly, as already discussed, the reference-system approach is the most scientifically-defensible method currently available, is the method recommended by the State’s BWQWG, and has been used in all of the Los Angeles Regional Board’s bacteria TMDLs.  The reference-system approach should be used for evaluating a beach for delisting, instead of an arbitrary 10% threshold.  We recommend that the delisting policy for marine recreational beaches be revised to require the use of the reference system approach.   



The delisting policy for water bodies listed for narrative objectives should not allow delisting solely because numeric guidelines are not available to interpret the narrative objectives.  A reference system-based study should be conducted for delisting evaluation.



The re-evaluation policy for water bodies listed for impairments due to violation of narrative objectives is unclear.  The Draft Policy could be interpreted to allow the delisting of these water bodies if numeric guidelines are not available to evaluate the quality of the water relative to the narrative objectives; this is unacceptable.  There are other, scientifically-accepted, quantitative approaches to evaluating compliance with narrative objectives, aside from comparison to numeric guidelines, including the widely-used and accepted reference system-based approach.  As discussed above, the Draft Policy seems to block the use of these methods because they will likely not meet the overly stringent requirements of the Draft Policy’s Alternative Data Evaluation method (Section 6.2.3).



Importantly, when evaluating compliance with a narrative objective, comparison to reference conditions is a scientifically-preferred approach to comparison to a general numeric guideline because the reference system approach accounts for local and regional-specific conditions and characteristics.  General numeric guidelines are typically based on a population of case studies that may be applicable in general, but result in uncertainty when applied to a single site.




Based on these comments, we recommend that the Draft Policy be revised to specifically require the use of a reference-system approach to delist water bodies impaired due to violations of narrative objectives.     



X. CONCERNS OF OTHER AGENCIES AND INCONSISTENCIES WITH FEDERAL LAW AND GUIDANCE ILLUSTRATE THAT THE PROPOSED LISTING/DELISTING PROCESS WILL BE UNWORKABLE



A significant problem with the proposed Draft Policy is the fact that the agencies charged with implementing it, and approving its implementation, are strongly opposed to a number of its elements.  In a practical sense, this will make the policy unworkable and will further delay identification and cleanup of impaired waters.  What is more disturbing is that many of these comments have been raised repeatedly for months and have generally been ignored, as the Draft Policy attests.  It is unclear who the Draft Policy is directed at, but it is clearly not those agencies that have to make sure it works in the real world.



A. U.S. EPA Region IX Remains Opposed to Key Elements of the Draft Policy 



As described throughout these comments, U.S. EPA raised examples of its numerous significant problems with the Draft Policy in oral testimony before the SWRCB on January 28, 2004.  Unfortunately, many of these had been raised with staff eight months ago but remain unaddressed.
  Concerns raised by EPA in public testimony include the following:



· Toxics –  the Draft Policy is inconsistent with CTR and Basin Plan objectives and allows far too many exceedances



· Toxicity – the Draft Policy is inconsistent with Basin Plans that allow "no toxics in toxic amounts" or "no toxicity"



· Conventionals/other parameters – the Draft Policy is inconsistent with Basin Plans that rarely allow a 10% exceedance frequency.



· Natural source exclusions – these are not provided in existing water quality standards



· Minimum sample sizes – there is no basis for the Draft Policy’s requirement of high sample sizes or excursion frequencies if minimum sample sizes are not met



· Data quality requirements – federal regulations require consideration of all data and information; the Draft Policy could completely exclude some useful data



· The Draft Policy does not make clear whether and how weight of evidence approaches would be applied



· The nuisance and nutrient assessment methods are too vague



· There are no clean sediment guidelines/metrics



· The Draft Policy contains unclear priority setting and scheduling



EPA concluded in its public testimony that the Draft Policy “would likely yield state listing decisions that are inconsistent with state water quality standards and federal listing requirements,” which “would trigger list disapprovals by EPA Region 9 and significant additions to” the 303(d) list developed pursuant to the Draft Policy.



EPA recommended in its testimony that the Draft Policy be revised to:



· be consistent with state water quality standards and federal listing requirements,



· improve the weight of evidence approach to define analysis procedures and clarify use, and



· clarify procedures for assessing nutrients, sediment and nuisance conditions.



As found in Appendix III, virtually all of these same issues had been raised months ago; telling excerpts of these written comments include the following:



· “Several provisions of the draft listing policy appear to conflict with federal listing requirements.  The methodology would set extremely stringent thresholds for listing based on data quality, data quantity and standards interpretations requirements.  As a result, the Section 303(d) assessment may improperly exclude useful data and information from consideration . . . and as a result, miss a significant number of impaired and threatened waters.”



· “Provisions for excluding from consideration data and information which do not meet the State’s preferred tests of data quality and representativeness.  These elements appear to conflict with 40 CFR 130.7(b).”



· “Procedures for assessing exceedances of numeric standards for many pollutants conflict with existing water quality standards, most notably toxics.”



· “Provisions for alternate data evaluations are unclear.  The policy does not define assessment methods for evaluating or weighing multiple lines of evidence.”



· “No provisions for listing threatened waters.  Federal regulations at 40 CFR 130.7(b) and 130.2(j) require the identification of waters which do not or are not expected to meet applicable water quality standards. “  (Emphasis in original.)



EPA’s comments are entitled to significant deference, far more than they have received to date.  See Arkansas v. Oklahoma, 503 U.S. 91, 105-06 (1992) (EPA is entitled to discretion to interpret its own regulations and those regulations are entitled to considerable deference); NationsBank of North Carolina, N.A. v. Variable Annuity Life Ins. Co., 513 U.S. 251, 256 (1995) (quoting Clarke v. Securities Industry Assn., 479 U.S. 388, 403-04, 759 (1987) ("It is well settled that courts should give great weight to any reasonable construction of a regulatory statute adopted by the agency charged with the enforcement of that statute").  Courts have consistently given deference to EPA's construction of the Clean Water Act.  See, e.g., Arkansas, 503 U.S. at 105.  Importantly, an agency's long-standing interpretation of law or its own power is due heightened deference. International Brotherhood of Teamsters, Chauffeurs, Warehousemen and Helpers of America v. Daniel, 439 U.S. 551, 566 n.20 (1979) ("It is commonplace in our jurisprudence that an administrative agency's consistent, longstanding interpretation of the statute under which it operates is entitled to considerable weight"); Blackfeet Tribe of Indians v. Groff, 729 F.2d 1185, 1190, 1191 (9th Cir. 1982); National Wildlife Federation v. Gorsuch, 693 F.2d 156, 167 n.31 (D.C. Cir. 1982) (giving great deference to EPA in interpreting NPDES program under the Clean Water Act because consistent and contemporaneous application).  We strongly urge the SWRCB to address fully EPA’s concerns with regard to consistency with water quality standards, data inclusion, the weight of evidence approach, nuisance/nutrient/sediment guidelines, priority setting and scheduling, and other concerns, through modifications to the Draft Policy as described above.  


B. The RWQCBs Remain Opposed to Key Elements of the Draft Policy 



In oral testimony before the SWRCB on January 28, 2004 and elsewhere, including written comments projected to be submitted to the SWRCB by February 18, 2004, the Regional Boards’ representative listed a number of concerns with the Draft Policy, many of which had been raised previously in numerous communications.  These include the following concerns:



· Primary reliance on the binomial method would lead to a redefinition of almost all state and federal water quality standards.  As currently described, the Draft Policy would allow those standards not to be attained, but would not require listing.



· This deficiency of the binomial method necessitates the description of an effective “weight of evidence” methodology.  The current “Alternative Data Evaluation” section does not provide an appropriately robust and comprehensive alternative to the binomial model.  Along these lines, the number of samples for a “weight of evidence” approach should not be restricted, as called for in the Draft Policy, since multiple lines of evidence can be used to support a listing or delisting decision.



· The purpose of the Policy needs to be stated as the attainment of standards in surface waters.  The Policy should not be limited to attainment of pollutant-based standards, since Section 303(d)(1)(A) of the Clean Water Act requires the state to identify waters not attaining any standard and to account for the severity of pollution (not just “pollutants”) in priority ranking.



· The analysis in the FED does not provide apparent rationale for the choice of alternatives, and so does not appear to be consistent with CEQA requirements.



The Regional Boards are the entities that will have to implement this policy.  Simply put, the concerns they raise indicate strongly that the Draft Policy will be unworkable in practice.  Significant revisions must be made if the Policy is to be credible and implementable.



XI. THE STATE MUST MOVE FORWARD EXPEDITIOUSLY TO PREVENT FURTHER DEGRADATION OF THE STATE’S WATERS AND CLEAN UP THE WATERS THAT ARE DIRTY 



As discussed elsewhere in this letter, the Clean Water Act’s TMDL program is a safety net that is designed to induce action on water segments in which water quality objectives are not being met.  As such, water segments should be identified and TMDLs should be developed as swiftly as possible. The EPA Integrated Guidance states that “TMDLs should be established 8 to 13 years from the date of the original water/pollutant combination listing.”
  This is hardly an expedited schedule; but the Draft Policy’s provisions are even more relaxed, stating in Section 5 that low priority TMDLs: “will be completed in more than 5 years.” 



The 2002 303(d) list tables indicate that approximately 800 TMDLs are required in California water segments.  However, according to the 2002 305(b) report, only 18 have been adopted by the SWRCB to date, and only nine completed TMDLs currently await adoption by the SWRCB, OAL or EPA.  The lack of adequate monitoring also contributes substantially to the delay in TMDL implementation.  As discussed elsewhere in this letter, monitoring efforts in the state of California often do not produce adequate data to comply with the minimum sample size requirements the Draft Policy, let alone provide for review of already listed segments and development of TMDLs.  This delay in implementation of our water quality safety net is unjustified and threatens further degradation in the quality of California’s waters.  We agree with EPA that “the description of medium priority in 5 years and low priority after 5 years needs to be rectified,”
 and that the state’s schedule, which lags far behind what is recommended in the EPA Integrated Guidance, and should be revised to be at a minimum consistent with the Guidance.



According to Section 5 of the Draft Policy, “[w]aters on the section 303(d) list shall be ranked into high, medium, and low categories in order to set priority for development of TMDLs."  Such ranking is to be based on, among other factors, the severity of the pollution and the threat to beneficial uses .  The Draft Policy does not provide guidance on which pollution sources merit high and medium priority, and states only that waters in the enforceable programs category shall be assigned a low priority.  We believe that the Draft Policy should be more explicit about the priority assigned to certain categories of pollution.  In particular, impairments by toxic pollutants should receive elevated priority for TMDL development because toxicity is often directly linked to ecological and human health risks.  We recommend that the Draft Policy be revised to ensure the timely development of toxicity TMDLs, by requiring that these TMDLs be assigned at least a medium priority for development. 



We also recommend that the Draft Policy be revised to consider the recommendations of the Legislature on this issue.  In the Supplemental Report of the 2001 Budget Act (see Appendix IV), the Legislature directed that:



(c) The SWRCB and the regional boards shall consider, but are not limited to, all the following criteria in setting priorities and developing schedules for the long-term strategy described in paragraph (a):



· Water body significance. 



· Degree of impairment. 



· Potential threat to human health and the environment. 



· Water quality benefits of activities ongoing in the watersheds. 



· Potential for beneficial use protection and recovery. 



· Degree of public concern. 



· Available data and information. 



· Available resources. 



· Watershed priority or task schedule on the boards' Watershed Management Initiative three-year and five-year work plans. 



· Any new or existing court orders and statutory requirements. 



The state should incorporate these elements into its revised Draft Policy in order to comply with EPA’s recommendation that the state “provide more thoroughly the decision parameters relevant to making prioritizing decisions.”



Finally, we appreciate the fact that the Draft Policy no longer calls for an automatic review of all of the currently-listed waters.  A comprehensive review of every water body on the 2002 303(d) list would be costly, would not result in a substantial improvement in the accuracy of the list, and would cause inordinate additional delay in California’s already dilatory implementation of the TMDL program.  Time is of the essence if we are to reverse the further degradation of our limited and dwindling supply of clean water.



Appendix I:  Support for Binomial Method Critique and Equalized Error Approach



The binomial model, as implemented in the FED, is framed in the following way: “given that the true exceedance rate is 0.1, 90% of samples of size N will contain k or fewer exceedances; thus, if we observe k+1 or more exceedances, we have cause for concern.”  The problem with this framing is that it assumes that the true exceedance rate is both knowable and known, and fixes it at 0.1.  Since the exceedance rate is what we would like to know, this framing puts the cart before the horse.  In fact, we don’t actually know what the exceedance rate is.  



Under the proposed statistical methodology, the null hypothesis is: “the water body has an exceedance rate of 0.1, and is not impaired.”  The Draft Policy proposes to test this hypothesis by asking: “assuming that the water body is clean (i.e. that the exceedance rate is 0.1), how many dirty samples would I have to see before I could reject the hypothesis that it is clean.”  A more precautionary hypothesis would be: “given that the water body is dirty (i.e. that the exceedance rate is greater than 0.1), how many clean samples would I need to see before I would be 90% certain that it wasn’t.”



Consequently, the binomial model listing guidance is exceedingly biased in favor of not listing or de-listing water bodies.  The criterion seems to have been chosen so as to minimize the probability of erroneously listing a clean water body as impaired.  While this may be a reasonable goal, it results in an unreasonably high probability of failing to list water bodies that are actually impaired.  (This is the old “Type 1-Type 2 error trade-off” from introductory statistics class).  Fortunately, under the binomial model, both of these probabilities can be calculated explicitly (see Attachment A).



The first step is to acknowledge that the true exceedance rate is unknown, and that it could take any value between 0 and 1.  Figure 1 illustrates the binomial model for all possible exceedance rates.  For each possible exceedance rate (that is, along a horizontal line), the contours represent the likelihood of observing a specific number of exceedances (out of 100).  Looking at it a different way, for each vertical line, i.e. observed number of exceedances, the contours show the likelihood of the true underlying exceedance rate.  In the past, EPA guidance has suggested that water bodies with an observed exceedance rate of 0.1 should be listed as impaired.  Accordingly, above the horizontal line at r=0.1, the water body should be listed, while below that line the water body is considered clean.  The vertical line at k=15 is California’s exceedance threshold for a sample size of 100.  This pair of lines divide the figure into four regions corresponding to water body status and listing decisions.  The orange region represents the set of values of k and r that would result in a correct listing of the water body as impaired.  Similarly, the green region corresponds to correctly identifying a water body as clean.  The pink region represents the set of values of k and r that will result in a failure to list an impaired water body, and the yellow region represents the incorrect listing of a clean water body.
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Figure 1.  Probability contours for the binomial model and the 303(d) listing criteria.  Contours start from the center at a probability density of 0.1 and decrease outward by orders of magnitude (i.e. 0.01, 0.001, etc.  (This figure is an approximation, since the observed number of samples must be integer values.)



As mentioned above, under the binomial model, it is possible to calculate the probabilities of both types of errors.  This amounts to summing the probabilities under each shaded region.  This calculation is derived in Attachment A, and the probabilities associated with each of the FED listing thresholds are set forth in Table 1.  The table shows that the probability of failing to list an impaired water body using the binomial criterion is typically around 80 - but sometimes as much as 362 - times the probability of listing a clean water body.  



			Sample Size


			Place on 303(d) list if at least this number of exceedances


			Probability of listing a clean water body


			Probability of failing to list impaired water body


			Willingness to Err Ratio





			10


			3


			0.002


			0.175


			89





			12


			4


			0.001


			0.208


			362





			19


			5


			0.001


			0.151


			213





			26


			6


			0.001


			0.123


			169





			33


			7


			0.001


			0.107


			153





			41


			8


			0.001


			0.091


			122





			48


			9


			0.001


			0.084


			124





			56


			10


			0.001


			0.076


			111





			64


			11


			0.001


			0.070


			102





			72


			12


			0.001


			0.065


			97





			80


			13


			0.001


			0.061


			93





			89


			14


			0.001


			0.056


			81





			97


			15


			0.001


			0.054


			81





			105


			16


			0.001


			0.052


			81








Table 1.  Probabilities of making listing errors under the proposed statistical methodology.  The probabilities are derived in Attachment A. 



An alternative would be a methodology for which the probability of making each type of error is equal.  This methodology, derived in Attachment B, would simply require listing a water body as impaired if the number of observed exceedances is greater than 0.05 (1+N).
  



Attachment A: Error Probabilities Under the Binomial Model



The binomial model gives the probability of observing k exceedances given that there are N total samples and the true exceedance rate is r.  In slightly more formal notation, the binomial model gives:
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To obtain Figure 1, we need the probability that the true exceedance rate is r and that we have observed k exceedances given N samples, or P(k, r | N).  If we know, a priori that the probability density for r is p(r), then from standard rules for conditional probabilities, P(k, r | N) = P(k | r,N)p(r).  Of course, we do not know p(r).  For our purposes, we assume that in the absence of any information to the contrary that all possible values of r in the interval [0, 1] are equally likely (i.e. p(r) = 1).  



To find the probability of failing to list a water body when the true exceedance rate is greater than 0.1, we need to integrate P(k, r | N) over the red region in Figure 1.  That is, using klist as the cutoff value given in the FED, we want:
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The integral with respect to r can be evaluated analytically using the Beta and Incomplete Beta functions
 where:
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So the probability of failing to list an impaired water body is given by:
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In a similar way, we can calculate the probability of incorrectly listing a clean water body as impaired, which is formally given by:
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These probabilities have been evaluated for several of the sample sizes in the FED, and listed in Table 1.



Attachment B:   An “Equalized Error” Listing Criterion.



Having derived the probability of incorrectly listing a clean water body as impaired and the probability of failing to list a clean water body in Appendix 1, here we derive a listing criterion for which the probability of making each error is equal.  It should be noted that the assumed exceedance rate for this criterion is 0.05, while the assumed exceedance rate for the listing factors and the error probability calculation above was 0.1.  Although EPA formerly recommended the use of a 0.1 exceedance rate “rule of thumb,” it currently recommends the use of a 0.05 exceedance rate for conventional pollutants. To obtain the equal error listing criterion, we set
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.  Substituting  Equations A1 and A4 this criterion is:
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Using the fact that the left hand integral from 0.05 to 1 is equal to the difference between an integral from 0 to 1 and from 0 to 0.05, we have:
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Moving the second integral on the left to the right hand side gives:






[image: image12.wmf]å



å



ò



ò



å



ò



=



=



-



-



=



-



-



÷



÷



ø



ö



ç



ç



è



æ



+



-



÷



÷



ø



ö



ç



ç



è



æ



=



ú



û



ù



ê



ë



é



-



÷



÷



ø



ö



ç



ç



è



æ



N



k



k



0



05



.



0



0



05



.



0



0



1



-



k



0



k



1



0



list



list



)



1



(



)



1



(



)



1



(



 



list



k



k



k



N



k



k



N



k



k



N



k



dr



r



r



k



N



dr



r



r



k



N



dr



r



r



k



N






Note that both integrals on the right hand side are over the same interval of r.  Consequently the sums on the right may be combined to give:
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The next step involves changing the order of integration and summation.  We can then observe that the term in the sum is just the binomial distribution.  Since the binomial distribution must sum to 1, we have a constant integral with respect to r:
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Simplifying the left hand side, note that the integral is the Beta function. So we have:
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A pair of identities are helpful here.  The first is a relation between the Beta function and the Gamma
:
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and the second is that between the Gamma function and factorials for integer arguments
:



  (k+1) = k!



Using these identities, we can eliminate the Beta function above to get:
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which, after canceling the factorials, reduces to:
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Note that the N+1 is constant and can be factored out of the sum, so that:
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The sum of 1 from 0 to klist-1 is equal to klist, so that we arrive finally at the equal error listing criterion:



klist = 0.05(N+1)



That is, in order to have equal probability of making either type of error, the water body should be listed as impaired if the observed number of exceedances is greater than or equal to 5% of the total sample size plus 1. 



If the EPA guidance were to recommend some other exceedance rule-of-thumb, say , the derivation would remain valid and the equal error listing criterion would be:



klist =   (N+1)



Appendix II:
Support for Reverse Null Approach



For the reverse null hypothesis, we calculated the critical number (kcrit)of clean samples out of a total of N samples needed to reject the hypothesis that the clean sample rate was 0.9 with 90% confidence (i.e the exceedance rate was 0.1) .
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We used the methodology applied in the FED to obtain the de-listing criteria, i.e. kdelist=kcrit+1 .  Consequently, we must observe N-kdelist or fewer exceedances to reject the hypothesis that the water body is impaired.  



Appendix III:
Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24, 2003)



Email sent June 24, 2003



Dear Craig J. Wilson




We have received and reviewed the draft Water Quality Control Policy regarding guidance for assessing surface waters in California.  EPA is responsible for reviewing and acting upon State 303(d) listing decisions, which will be based on an assessment methodology.  In anticipation of the next listing submission in 2004, we have conducted an evaluation to determine whether the draft listing policy is likely to result in listing decisions, which are consistent with the Clean Water Act and associated federal regulatory requirements.  



SWRCB has clearly devoted substantial effort in developing the draft listing policy and we understand that it is difficult to produce language that addressed both the requirements of California Water Code and the federal Clean Water Act.  We support your objective of improving the quality of data supporting listing decisions and believe you have identified several effective mechanisms for obtaining this objective.  We recognize the State’s efforts to evaluate all data types (water, sediment, tissue, bioassessment, etc.).  We also advocate the State’s desires for interpretation of narrative WQOs via some numeric guideline during the assessment process.  We appreciate your staff’s effort to solicit input from EPA during the initial phase of policy development.  



Several provisions of the draft listing policy appear to conflict with federal listing requirements.  The methodology would set extremely stringent thresholds for listing based on data quality, data quantity and standards interpretation requirements.  As a result, the Section 303(d) listing assessment may improperly exclude useful data and information from consideration by RWQCB and SWRCB staff, and as a result, miss a significant number of impaired and threatened waters.  



Whereas, EPA does not explicitly approve or disapprove state listing methodologies under currently applicable federal regulations, we are required to approve or disapprove the state list submissions based on the State’s selected assessment methodology.   



This letter identifies the draft policy provisions that conflict with federal listing requirements and other provisions that appear inconsistent with sound environmental science practices or are unclear.  Where possible this letter also identifies potential approaches to reconcile inconsistencies between the draft listing policy and the Clean Water Act requirements and associated federal regulations.  



Key Concerns about the draft Listing Policy



Several listing provisions either appear to conflict with federal listing requirements, are too vague to enable us to adequately evaluate their consistency with federal requirements, or have not been supported by an adequate technical rationale.  EPA is most concerned about these aspects of the draft listing policy, which are discussed in greater detail in the following sections:



--data quality and representativeness requirements,



--statistical methods for analyzing data sets for certain pollutant types,



--procedures for assessing exceedances of numeric water quality objectives, 



--alternate data evaluation provisions,



--sections providing exemptions and exclusions from listing, including natural sources



--provisions for assessing and listing threatened waters,



--de-listing provisions



Inconsistencies With Federal Requirements



We have attempted to clearly identify elements of the policy that conflict with federal statutory or regulatory requirements.  As discussed above, it is somewhat difficult to provide a definitive list of these elements because it is not clear how certain policy elements will actually be interpreted and applied by SWRCB and RWQCB staff.  Based on our review of the policy, the elements that appear to be inconsistent with federal requirements include:



1.  Provisions for excluding from consideration data and information that do not meet the State’s preferred tests of data quality and representativeness.  These elements appear to conflict with 40 CFR 130.7(b), which requires the state to gather and consider all existing and readily available data and information in the listing process.  Moreover, the rule and accompanying preamble do not provide a sufficient rationale for a decision to exclude data and information from consideration, as required by 40 CFR 130.7(b)(6).



2.  Procedures for assessing exceedances of numeric standards for many pollutants conflict with existing water quality standards, most notably toxics.  Some procedures, such as a 10% allowable exceedance rate for many pollutant types, appear to be less stringent than existing state standards and federal regulatory requirements without providing a sufficient technical or legal rationale for their inclusion.



3.  Provisions for alternate data evaluations are unclear.  The policy does not define assessment methods for evaluating or weighing multiple lines of evidence.       



4. No provisions for listing threatened waters.  Federal regulations at 40 CFR 130.7(b) and 130.2(j) require the identification of waters which do not or are not expected to meet applicable water quality standards.  As described in EPA’s August, 1997 listing guidance, States are expected to assess potentially threatened waters and to list waters which are expected to exceed applicable standards during the following 2-year period.  The proposed listing policy appears to make a provision for assessment of water quality trends or other data and information and it could be construed this trends analysis could support a finding that a water body is threatened; however the policy is not clear.



5.  No description of technical rationales for statistical assessment methods.  Although there are snippets of discussion regarding the binomial approach, primarily provided via footnotes, the draft policy does not provide a complete description of the scientific or legal rationales supporting many proposed listing criteria.  Federal regulations at 40 CFR 130.7(b)(6) require the state to submit its listing methodology with its list and to provide good cause for decisions not to list individual water bodies.



Data Quality, Quantity and Representativeness



The draft listing policy states a QAPP is required for “high quality” data to be considered for listing impaired waters.  Other data will be considered only in combination with “high quality data”; however other data cannot be used by itself.  This is simply too restrictive and does not fit with federal regulations stating that States will consider all readily available information.  The policy needs to be modified to explain how all relevant data sets will be included in the assessment process.  For example, we see no legal rationale to exclude data generated by academic or citizen monitoring groups, who have adequate training in sample collection and utilized reliable laboratories with sufficient QA/QC and yet they have not completed a QAPP.  



These provisions do not provide a "good cause" rationale for excluding data and information from consideration (see 40 CFR 130.7(b)).  These regulatory provisions create a rebuttable presumption that all readily available data and information will be used in the assessment process.  A great deal of useful data from STORET, academic and agency reports, and volunteer monitoring groups would appear to be excluded from consideration under the proposed rule, an outcome which appears inconsistent with the federal requirements.



The policy has listed major monitoring programs in California considered to be of high quality.  We recommend the State include all EPA monitoring data (not just EMAP) as well as these federal agencies as part of the listed high quality sampling programs:  US Fish and Wildlife Service, US Department of Agriculture, US Army Corps of Engineers, and National Oceanic and Atmospheric Administration.



The draft listing policy seems to have established a minimum sample size (water = 20 samples; tissue and sediments = 10) and while small data sets may be assessed, in general these smaller data must reach higher exceedances than the binomial approach defines for smaller data sets.  The policy appears to allow assessments of smaller data sets on case-by-case basis, but this is not clear, nor explicitly stated.  The policy must include some science-based rationale for the suggested minimum number of samples and sampling events needed to carry out an assessment.  



In section 7.2.5, the draft policy states “information that is estimated, modeled or projected shall not be used for listing or de-listing decisions.”  There is no technical rationale provided for this exclusion, and as stated, we find it inconsistent with federal guidance that water quality modeling is a viable method of listing or de-listing.  Moreover, federal regulations require the consideration of information from dilution or predictive models in the assessment process (40 CFR 130.7(b)(5)(ii)).  From a practical standpoint, this type of information is often useful.  If we read the draft policy correctly, the State’s decision not to list Santa Clara and San Gabriel Rivers for ammonia based on estimates of the future effectiveness of treatment plant upgrades would not be consistent with the new policy.



Statistical methods



We are concerned the proposed approach to assessing numeric water quality standards or objectives may be unreasonably stringent and will likely result in missing too many waters which are very likely to be impaired or threatened.  



The listing policy relies on the binomial approach to guide the state’s assessment methodologies.  There is no comprehensive explanation of the binomial approach and the underlying decisions utilized by the state to determine relevance with current water quality standards.  Instead the policy uses footnotes to provide some background information and relies on the notion that other states have already adopted the binomial parameters and therefore they are acceptable.  For example, the policy discusses the null hypothesis yet it does not clearly define the state’s definition of the null hypothesis for listing waters.  This is especially critical for the de-listing section of the policy. 



For many pollutant types (toxics, conventionals, bacteria, tissues, etc), the policy proposes the State will list waters in cases where there was greater than 90% statistical confidence that a numeric standard has been exceeded at least 10% of the time (i.e., the binomial approach).  The policy refers to EPA guidance to defend its decision criteria, most specifically a 10% allowable exceedance level, and yet this is based on an incorrect reading of EPA guidance concerning allowable water quality exceedance rates.  The assertion that EPA endorses the use of a 10% standards exceedance rate is incorrect.  The EPA 305(b) guidance (1997) refers to the 10% exceedance rate as a method for assessing data sample sets-- not as an acceptable exceedance rate in the "population".  The use of this exceedance rate in a binomial assessment method has not been shown to be protective of water quality nor consistent with water quality standards requirements.  It is likely that use of this exceedance rate will increase the number of water bodies that do not meet water quality standards that are missed in the listing decision.  Moreover, use of a 10% exceedance rate test has never been acceptable for toxic pollutants where aquatic life uses are at issue.



The proposed policy applies the binomial approach to certain sized data sets, and then for smaller data sets it defines arbitrary number of required exceedance frequencies.  For example, some water parameters are evaluated via the binomial approach for n > 20 and refers to Table 4.2 for the maximum allowable number of exceedances.  For smaller sample sets, n<20, only if 5 or more exceedances have been observed will the water body be deemed impaired.  Again there is no technical rationale for this decision.  Moreover it does not follow with the binomial approach for smaller data sets.  As stated above, we recommend the State evaluate smaller data sets and if the State opts to use the binomial approach with 90% confidence and 10% allowable exceedances then extend the decision procedures to include those presented in the table below. 



			Sample Size


			At least this # of exceedances





			4 – 5


			2





			6 – 11


			3





			12 – 18


			4





			19 – 25


			5








We agree that when applying a binomial statistical approach, the State should analyze data sets to ensure that key assumptions concerning the data set are met with respect to the shape and normality of the distribution, the representativeness of the data set of underlying water quality, and the presence of bias, serial correlation, or autocorrelation in the data sets.  We expect that the State will document its analysis that shows these assumptions are met to a reasonable degree.  Not all data sets must meet every assumption completely, but the State should discuss potential errors associated with application of binomial analysis methods to data sets that do not meet one or more key assumptions.  We want to stress that the data should be assessed through another assessment method if the assumptions necessary to carry out a binomial assessment are not met.



EPA expects the next version of the policy to provide a more complete discussion in the preamble or appendix.  This discussion should outline the State’s assumptions and defense for using the binomial approach and each of the critical decisions regarding how the exceedance and confidence levels correspond to the existing water quality standards or objectives.  EPA recommends criteria development approaches to assess a 95% compliance rate for conventional pollutants and a more stringent compliance rate for toxic pollutants of at least 99%, in the context of a binomial assessment method.



Toxics



Foremost, the proposed binomial approach as applied to toxic pollutants in water does not meet federal requirements for assessing impairment associated with aquatic life use.  The policy refers to the California Toxics Rule (CTR) as the applicable water quality standard and we concur.  However, we need to emphasize that CTR contains explicit recurrence intervals for these numeric standards for protection of aquatic life, namely not to be exceeded more than once in every three year period (CTR rule).  The proposed policy must be modified to be consistent with EPA water standards that apply in California.  Once modified then the policy will be consistent with EPA guidance (1997) for protection of aquatic life use (for toxics) where greater than 1 exceedance in 3 yrs, regardless of sample size.  We recommend use of a simpler decision criterion for toxic pollutants to protect aquatic life that would result in listing waters where 2 or more samples exceed the WQS in any 3 year period.



Conventionals



For conventional pollutants, the proposed policy discusses EPA’s 305(b) guidance as part of its rationale for using an allowable 10% exceedance rate.  We want to clarify that EPA’s guidance has suggested the use of a 10% sample exceedance rate only to assess sample sets to characterize the underlying water quality conditions with respect to conventional pollutants, only if it remains consistent with descriptions provided in the applicable water quality standard or objective (emphasis added).  EPA’s 305(b) and CALM guidance suggested an impairment finding in cases where 10% of data points exceed the standards for conventional pollutants, in part to reflect the expected recovery time associated with aquatic exposures to conventional pollutants as well as the expected sampling error issues and prospects for type 1 error.  Because the binomial approach already accounts for and directly manages uncertainty associated with assessments based on small sample sizes, including type 1 error in particular, it would be inappropriate to apply the 10% exceedance rate directly within the context of a binomial assessment approach.  To use a 10% test in a binomial assessment context would, in essence, result in "double counting" of allowances intended to limit type 1 error.



EPA’s guidance are intended to provide guidance concerning the assessment of limited sample sets for purposes of making assessment determinations—they are not intended to provide EPA's interpretation of the actual acceptable rate of WQS exceedances in receiving waters.  Further EPA has not approved of any State’s assessment methodology of using 10% exceedance cutoffs within a binomial assessment context as acceptable interpretation of the state’s water quality standards or objectives unless it is expressed clearly within the applicable standard (e.g., in cases where the underlying WQS is expressed as a 90th percentile or where the standards state that the values are not to be exceeded more than 10% of the time.  



Bacteria



There is no discussion as to why this 10% allowable exceedance rate applies to bacteria in.  Such an explanation is needed, especially since it appears to conflict with the State’s current two-number water quality standards or objectives which have both an instantaneous maximum as well as specific data requirements and time-averaged evaluation.  



Health Advisories



The policy should clearly state that issuance of public health advisory (based on local data) will automatically get the water body listed for the appropriate pollutant(s); this is a federal requirement.  If the policy continues to define using MTRLs for protecting human health consumption, then we suggest more clear language to define which data value (individual sample, arithmetic mean or geometric mean) will be used in the part of the assessment process.  The current description of using MTRL value via the 10% exceedance with 90% confidence does not make sense.  EPA guidance recommends use of harmonic mean values to implement human health protection standards.



Additional responses to specific parts of section 4.2



· Bacteria
 For bacteria measurements collected only during the dry weather season and 4% exceedance level, we recognize this has been agreed within the Beach Water Quality Workgroup and applied to southern California beaches, however it should be clearly stated if this applies elsewhere.  


· Tissue bioaccumulation
We concur with added information that tissues results from muscle or whole body will be used but kidney or liver tissue alone is not suitable measure.


· Toxicity
We concur a water segment maybe listed for toxicity alone although we prefer to ID pollutant(s).  


· Nuisance
 Clarify reference to 4.2.1 for toxics, when discussing nutrient-related impairment.  We suspect it should be 4.2.2 for conventional pollutants, whereby we recommend modifications consistent with conventionals above.


· We find an apparent disconnect in sections 4.2.4, 4.2.5, 4.2.6 of the policy where it neglects to interpret sample sizes between 10 and 20.   


· Degraded populations and communities
confusing language, why is author using “stations” when all previous discussion is related to “samples”  


Alternate data evaluations



The listing policy includes provisions for listing waters based on alternate data evaluation and we support this general concept of multiple lines of evidence to determine impairment.  While it is not clear, we presume this applies to all data types, water, sediment, tissue, toxicity, biological response, etc.  We are concerned that the draft policy currently states “the measurements can be analyzed using a scientifically defensible procedure that provides an equivalent level of confidence as the listing factors in section 4.2.”  This seems to require any and all data must have 90% confidence level to be used in assessing impaired waters, which is inconsistent with the concept of a weight of evidence approach.  Also, it is unclear if sample magnitude can be sufficiently influential to cause listing the water body based on sediment and/or tissue results.  More clear language is requested. 



Exemptions and exclusions



As previously stated, several sections of the proposed rule appear to exclude particular kinds of data and information from consideration in the assessment process.  The State would be required to show good cause why any existing and readily available data and information is excluded from consideration.  In addition, as discussed above, we are concerned that data that does not meet every quality assurance or representativeness test and information concerning narrative standards exceedances appears to be excluded from consideration.



The draft policy makes several references that water body impairment due to natural sources will be exempt from inclusion on the 303(d) list.  We request more comprehensive discussion as to which water quality standards have included this provision of exclusion due to natural sources.  If no such exclusion is explicitly stated in the specific water quality standard then federal requirements will require the water segment to be included on the 303(d) list.  If the State finds exclusion is implied in the specific standard then we urge the State to present its interpretation of the standard and include it into the listing policy.  EPA will review this on a case-by-case basis for each standard.   



Listing of threatened waters



The proposed policy provides no clear provisions for assessing and listing threatened waters.  Pursuant to the requirements of 40 CFR 130.7, as interpreted in our 1991 and 1997 guidance documents, EPA expects each state to describe how it will assess whether waters which currently attain standards will likely fall out of attainment during the next listing cycle.  The proposed policy makes reference to the use of certain types of data for trend analysis purposes, but does not actually describe how or if such data analysis will interpreted as threatened.  We expect the listing policy to clearly show how the requirement to consider threatened waters was addressed.



De-listing provisions



For de-listing waters from the 303(d) list, the proposed policy appears to utilize the same statistical approach and underlying assumptions (fewer than 10% exceedances with 90% confidence level) as described in the listing methodology.  We expect the state to provide more thorough description of the binomial approach as it applies to de-listing which has a different null hypothesis and therefore it requires larger sample sets with fewer exceedances.  Such an explanation is required to adequately define how Table 5.1 applies to already listed water bodies.  Also, these assumptions will need to be re-visited to be consistent with EPA’s expectations.  That is, we may not agree with the underlying assumptions within each data type since it may not be consistent with the applicable water quality standards (see data type sub-sections in comments on Statistical Methods).  



Need to show good cause for state decisions for removals/de-listings……..



Other Questions and Concerns



Temperature based listings



Regarding historic stream temperatures, EPA encourages the State to please clarify that comparisons to one-time hand-held measurements would rarely be considered sufficient evidence to list. (We want to avoid the public from wasting time on this type of information.)  Other modifications could include additional narrative discussion on what may be considered "natural conditions" by Regional Board staff.   This emphasis may possibly assist RWQCB staff with little experience on temperature monitoring and modeling in evaluating temperature monitoring data.



EPA also encourages the State to consider defining cold water  "adverse" temperatures more specifically, given the large amount of background information available synthesizing the literature from Oregon and EPA R10.  The State should also consider doing this in the context of expected "natural stream temperatures."  It is hoped that greater specificity in this area would, possibly, avoid unnecessary listings. 



For example, EPA R10 Guidance for Temperature water quality standards suggests the following:



1. Salmon and trout "core" juvenile rearing (of the 7 day average of the maximum daily temperature, for areas that are mid- to upper reaches....



2. Salmon & trout migration plus "non-core" juvenile rearing



3. The R10 numbers may not be entirely relevant for California, given our different methods of calculating the relevant MWAT



4. Salmon & Trout migration with refugia 



Scheduling considerations



The draft policy currently has some information pertinent to the State’s proposed process for prioritizing and scheduling TMDLs.  We concur with the policy that high priority TMDLs will be developed within two years; however the description of medium priority in 5 years and low priority after 5 years needs to be rectified.  EPA’s 1997 guidance calls for states to provide schedules for completing all TMDLs within 8-13 years of their initial listing date, or the 1998 listing date, whichever is later.  



The State could provide more thoroughly the decision parameters relevant to making prioritizing decisions.  Some of the more pertinent factors might be:  degree of threat to human health, aquatic life or wildlife, timeframe for NPDES permit revisions, unique water bodies, presence of threatened and endangered species, significant public interest and support of TMDL, important recreation and economic significance of water body, number of water quality standards exceedances per water body or number of unmet designated beneficial uses.



Clarification of Integrated Report language 



The draft policy describes California’s Integrated Report and makes several references to EPA’s Integrated Report.  At least two revisions should be made.  First, the policy should provide some correlation between the State’s categories and how they relate to EPA’s five categories.  Perhaps this is best provided in an appendix, however, this information should be readily apparent to all readers.  Second and more important, the policy currently has an inaccurate statement at the bottom of page 1.  Per EPA policy (Sutfin memo 2001), the Integrated Water Quality Report is an assessment of all waters in the states, not “only the most serious water quality standard exceedances.”  



Quantitation of Chemical concentrations



The proposed policy presently states if the quantitation limit QL is above WQS then the datum is disregarded.  We hope the State will take into consideration as to how this could reward people who supply bad data, i.e., results with higher than desirable MDLs.  Some consideration should be included to promote better laboratory methods or enhance analytical techniques to ensure MDLs are below the applicable water quality standard or objective to facilitate SWRCB and RWQCB staff assessment of water body condition.  



Data Records Retention



Based on the current language in the policy, it is unclear as to who, RWQCB or SWRCB, is responsible for retaining data records and related information supporting the fact sheets that are summary of assessment decisions?  



IX. Conclusion



EPA has identified several policy provisions that are inconsistent with federal listing requirements.  The provisions dealing with data quality expectations, use of a binomial method and 10% cutoff both for toxics and conventional pollutants, use of minimum sample sizes, and unclear provisions for using unconventional data and implementing narrative standards all have the potential to result in list disapprovals.  We look forward to discussing these initial rough comments in greater detail.  Please call us to set up some time to discuss.  Thanks again for the opportunity to comment.








Sincerely,









David Smith









Peter Kozelka



References:



Gibbons, 2001.  " A Statistical Approach for Performing Water Quality Impairment Assessments Under the TMDL Program",  Proceedings of TMDL Science Issues Conference, Water Environment Federation, March 4-7, 2001, p. 187-198.



Lin, et al, 2000.  "A Nonparametric Procedure for Listing and Delisting Impaired Waters Based on Criterion Exceedances", Prepared for Florida Department of Environmental Protection, October 2000.



Smith, et al, 2001.  "Statistical Assessment of Violations of Water Quality Standards under Section 303(d) of the Clean Water Act."  Environmental Science and Technology, Volume 35, No. 3, 2001, page 606-612.



USEPA 2001.  Consolidated Assessment and Listing Methodology (CALM Guidance), Appendix B.  Draft, April, 2001.



USEPA 1997.  Guidance for Preparation of the Comprehensive State Water Quality Assessments (305(b)  Reports and Electronic Updates)  EPA 841-B-97-002A.  U.S. Environmental Protection Agency, Office of Water, Washington DC.



Appendix IV:  SUPPLEMENTAL REPORT OF THE 2001 BUDGET ACT
2001-02 FISCAL YEAR
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ADOPTED BY THE LEGISLATURE



Compiled by the Legislative Analyst's Office



REVISED--July 30, 2001


Item 3940-001-0001--State Water Resources Control Board 



1.     Total Maximum Daily Load Program. 



(a) On or before January 10, 2002, the State Water Resources Control Board (SWRCB) shall prepare and submit to the Legislature a long-term strategy to achieve water quality standards in impaired water bodies, consistent with the Total Maximum Daily Load (TMDL) program pursuant to Section 303(d) of the federal Clean Water Act. The strategy should address the completion, prior to the 2013 date for completion, of all currently required TMDL analyses and implementation plans. Completion of TMDLs shall include their incorporation into basin plans. This strategy shall include, but is not limited to, all of the following:



(i)       A five-year schedule that identifies specific TMDLs to be completed and their expected completion dates, and major activities to be completed.



(ii) A long-term schedule, not to extend beyond the 2013 date for completion, which schedules the completion of all TMDLs on the 1998 list pursuant to Section 303(d) of the federal Clean Water Act.



(iii)    A description of the existing resources used to address TMDL requirements, organized by fund source and department.



(iv)    An estimate of the resources needed to adhere to the long-term schedule and achieve the 2013 date for completion.



(v)      Identification of any shortfalls between existing resources and estimated resource needs to achieve the 2013 date for completion.



(vi)     Proposed fund sources to address identified shortfalls.



(vii)    Identification of technical assistance needs of the regional boards and a strategy for addressing these needs.



(viii)  A schedule to develop policies to guide the regional boards in developing and implementing TMDLs including, but not limited to, cost estimates to develop the policies. The schedule for policy development shall include consideration of a methodology to allocate responsibility for reducing pollution among the various sources that contribute to the impairment of a water body. 



(b) The report required on or before November 30, 2002 by Section 13191 of the Water Code shall include information on the progress of SWRCB in adhering to the long-term schedule for TMDL completion described in paragraph (a). The annual reports required by Section 13191 shall also include information on the status of implementing the organizational improvements recommended by the public advisory group formed pursuant to Section 13191. 



(c) The SWRCB and the regional boards shall consider, but are not limited to, all the following criteria in setting priorities and developing schedules for the long-term strategy described in paragraph (a):



· Water body significance. 



· Degree of impairment. 



· Potential threat to human health and the environment. 



· Water quality benefits of activities ongoing in the watersheds. 



· Potential for beneficial use protection and recovery. 



· Degree of public concern. 



· Available data and information. 



· Available resources. 



· Watershed priority or task schedule on the boards' Watershed Management Initiative three-year and five-year work plans. 



· Any new or existing court orders and statutory requirements. 



(d) A regional board shall consider the criteria listed in paragraph (c) when revising the Watershed Management Initiative work plans, and the state board shall incorporate the criteria into a guidance document for the regional boards regarding TMDL work plan development. Each criterion shall be given the appropriate weight warranted by the specific conditions of the impaired water in question, as determined by SWRCB or a regional board, as appropriate. 



(e) On or before January 1, 2003, SWRCB shall develop a policy to establish criteria for the listing and delisting of impaired water bodies pursuant to Section 303(d) of the federal Clean Water Act. The policy shall include a "weight of evidence" approach and shall include criteria that ensure that the data and information used for identification and listing of impaired water bodies are accurate and verifiable.



(f) The SWRCB shall develop a master contract or contracts for work related to the development and implementation of the TMDL program and TMDLs. The master contract or contracts shall address the regional boards' need for technical expertise necessary to complete TMDLs in an effective and timely manner.
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Mangel has held visiting positions as Scheinbrun Professor of Botany, Hebrew University of Jerusalem, Fall 1987; Wolfson College, University of Oxford, Hilary and Trinity terms, 1988; Rose and Max Varon Professor, Weizmann Institute of Science, 1994; Mote Eminent Scholar, Florida State University, 2000; and Dozor Professor, Ben Gurion University, 2000. His awards include the Joseph Myerhoff Fellowship, Weizmann Institute of Science, 1987; John Simon Guggenheim Memorial Fellowship, 1987; Fulbright Senior Research Fellowship, Oxford University, 1988; George Gund Foundation Distinguished Environmental Scholar,1992; Distinguished Statistical Ecologist, International Association for Ecology, 1998; and Fellow, California Academy of Sciences, 2000


His service to federal and international panels includes the Scientific Committee for the Conservation of Antarctic Living Marine Resources, the Bellman Prize Committee, Mathematical Biosciences; the SIAM-AMS Committee on Mathematics in the Life Sciences, the Pitelka Award Committee, International Society for Behavioral Ecology; the National Marine Fisheries Service Ecosystems Advisory Panel; the Council of the American Institute of Biological Sciences; International Academic Advisory Board, The Arava Institute of Environmental Studies; Board of Science, Resilience Alliance 2000, and the Science Advisory Board of the National Center for Ecological Analysis and Synthesis.


His editorial appointments include the editorial boards of Natural Resources Modeling, Operations Research, Bulletin of Mathematical Biology, Ecological Applications, Theoretical Population Biology, SIAM Journal on Applied Mathematics, Journal of Mathematical Biology, Mathematical Biosciences, Evolutionary Ecology/Evolutionary Ecology Research, Environmental and Ecological Statistics, and Oecologia. He was co-editor of Behavioral Ecology 1994-1999.


He has served as external examiner or opponent of PhD students in North America, Europe, Africa and Australia.


His research program in mathematical and theoretical biology, focuses on ecology, evolution and behavior and the broad goal of combining first-rate basic science with important applied questions. Work in the group includes the evolutionary ecology of growth, aging and longevity, quantitative issues in fisheries management, and the mathematical population biology of disease.


Mangel has numerous journal publications and books that include Decision and Control in Uncertain Resource Systems (1985, Academic), Dynamic Modeling in Behavioral Ecology (with Colin Clark, 1988, Princeton), The Ecological Detective. Confronting models with data (with Ray Hilborn, 1997, Princeton) and Dynamic State Variable Models in Ecology: Methods and Applications (with Colin Clark, 2000, Oxford). He has edited Classics of Theoretical Biology (A Special Issue of the Bulletin of Mathematical Biology. Part I: Volume 52 Numbers 1,2. Part II: Volume 53, Numbers 1,2), Sex Allocation and Sex Change: Experiments and Models (Lectures on Mathematics in the Life Sciences, Volume 22) and Proceedings of the Second International Symposium on Krill (Canadian Journal of Fisheries and Aquatic Sciences 57 (Supplement 3).


He has supervised more than 50 undergraduate research projects or senior theses, a dozen PhD students and more than 15 post-doctoral colleagues; he has served on more than 25 Ph.D. Committees. His students and post-docs work at a diversity of organizations, including universities (UC Berkeley, Penn State, Toronto, Ben-Gurion, Minnesota, Wisconsin, Montana, Washington University, Duke, Wesleyan, Massachusetts, Utah, UCLA, Eastern Illinois), private concerns (Bank of America, Brooklyn Zoo), and governmental agencies (National Marine Fisheries Service, Portuguese Government, Livermore National Laboratory, CNRS Lyon).
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Baskin School of Engineering



University of California, Santa Cruz



Email: zasummen@aol.com



Education:



1993 B.S. Biology and B.A. Art Studio, magna cum laude, State University of New York at Binghamton 



1997 M.S. Marine Sciences, State University of New York at Stony Brook



Thesis: Recruitment dynamics of bluefish, Pomatomus saltatrix on the continental shelf from Cape Hatteras to Cape Cod, 1973-1995. 



2002 Ph.D.  Coastal Oceanography, State University of New York at Stony Brook



Dissertation: Evolution of growth rate in Menidia menidia: bioenergetics, life history theory, and implications for management.



Honors and Awards:



1998 New York Sea Grant Scholar



1993 Phi Beta Kappa



Employment:



2002-present
Post-doctoral research fellow, Center for Stock Assessment Research, UC Santa Cruz, Ca.



1999-2001 
Consultant in fisheries risk assessment.  Applied Biomathematics, Setauket, NY



1993-1994 Field and laboratory technician, California Department of Fish and Game, Stockton, Ca.



1992 Laboratory technician, State University of New York at Binghamton



Publications:



Conover, D.O. and S.B. Munch 2002.   Sustaining fisheries yields over evolutionary time scales.  Science. 297:94-96.



Munch, S.B. and D.O. Conover  2002. Accounting for local physiological adaptation in bioenergetic models: testing hypotheses for growth rate evolution by virtual transplant experiments.  Can.J.Fish.Aquat.Sci. 59:393-403. 



Dunning, D., Q. Ross, S.B. Munch, and L.R. Ginzburg 2002.  Measurement error affects risk estimates for recruitment to the Hudson river stock of striped bass.  The Scientific World. 2(S1):238-253.



Munch, S.B. and D.O. Conover 2001. Recruitment dynamics of bluefish, Pomatomus saltatrix from Cape Hatteras to Cape Cod, 1973-1995.  ICES J. Mar. Sci. 57:393-402.



Conover, D.O., S.B. Munch, T.E. Lankford, and W.F. Loftus 2000. Current status of the Key silverside, Menidia conchorum, in southern Florida.  Tech. Report. U.S.G.S 



In press



Conover, D.O., T. Gilmore, S.B.Munch  Estimating the relative contribution of spring and summer-spawned cohorts to the Atlantic coast bluefish stock.  Trans.Am.Fish.Soc.



Munch,S.B., Mangel, M., Conover, D.O. Quantifying natural selection on body size from field data with an application to winter mortality in Menidia menidia. Ecology



Munch, S.B. and D.O. Conover. Rapid growth results in increased susceptibility to predation in Menidia menidia.  Evolution



X. Public presentations



Munch, S.B.,  M.  Walsh and D.O. Conover 2002. Darwinian fishery science:
 Trade-offs in yield on evolutionary time scales. Fourth William R. and Lenore Mote International Symposium in Fisheries Ecology. Sarasota, Fl.



Rochet, M.J. and S.B. Munch 2002  Simulating the evolution of the age-length at maturity reaction norm in North Sea cod. ICES Annual Science Conference and



ICES Centenary.  Copenhagen, Denmark.



Munch, S.B. and D.O. Conover 2002.  The relation between Bergmann’s rule and countergradient variation: interplay of time constraints and seasonal mortality. Annual meeting of the American Society of Naturalists, Banff, Canada. 



L.R. Ginzburg and S.B. Munch 2000. Population risk estimates for key species entrained through cooling water intake structures. Electric Power Research Institute symposium on cooling water intake structures.  Jackson Hole, Wy.



L.R. Ginzburg and S.B. Munch 2000. Hudson River striped bass: Effects of measurement error on estimated risk.  Electric Power Research Institute symposium on cooling water intake structures.  Jackson Hole, Wy. 



S.B. Munch and L.R. Ginzburg 2000.  Ecological risk endpoints for the management of aquatic species.  Electric Power Research Institute symposium on cooling water intake structures.  Jackson Hole, Wy.  



Munch, S.B., T.P. Hurst, and D.O. Conover. 2000.  Darwinian fishery science: evaluating the evolutionary consequences of harvest regime on stock demography and dynamics. Third William R. and Lenore Mote International Symposium in Fisheries Ecology. Sarasota, Fl.  



Munch, S.B.and D.O. Conover. 2000.  Local adaptation in physiology: 



using bioenergetic models to examine constraints on the evolution of growth rate.  Annual meeting American Society of Ichthyologists and Herpetologists, La Paz, Mexico.



Munch, S.B., and D.O. Conover. 1999. Bioenergetics of locally adapted populations (poster) 129th Annual meeting of the American Fisheries Society. Charlotte, North Carolina. August 29-September 2, 1999.



Munch, S.B. and R.M. Cerrato. 1998. Estimating the number of age classes from size frequency data. 118th Annual meeting American Fisheries Society, Hartford, Connecticut



Munch, S.B. and D.O. Conover.  1997.  Factors influencing the year-class strength of bluefish, Pomatomus saltatrix, on the U.S. Atlantic coast.  ICES International symposium: Recruitment dynamics of exploited marine populations: Physical-biological interactions, Baltimore, Md.



Munch, S.B. and D.O. Conover. 1997. Ecological correlates of bluefish abundance: Implications of climate change for recruitment and distribution. Annual meeting American Society of Ichthyologists and Herpetologists, Seattle, Washington.
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			Experience





			


			2001– present
Heal the Bay
Santa Monica, CA



Staff Scientist



· Developing a watershed assessment program and Stream Health Index for the Malibu Creek watershed, including land use effects, impervious surfaces analysis and long-term trend monitoring.



· Directing an extensive research and monitoring program in Malibu Creek watershed, including:



· monthly water chemistry and algae assessments;



· semi-annual surveys of freshwater periphyton and benthic macroinvertebrates to determine impacts of nutrients, riparian vegetation and sediment depositions on aquatic biota;



· statistical and GIS-based data analysis and report writing.



Prepared and submitted data for 303d listing and reviewed and commented on California’s 303d listing policies.



Analysed and commented on TMDLs for Malibu Creek (nutrients and algae), LA River (nitrogen), Santa Clara River (nitrogen) and others.



Administered grants and wrote grant reports and new grant applications.



Supervised staff and eight part-time contractors in field and office work.



· Advised stakeholder groups and other entities conducting studies on aquatic systems for scientific or regulatory purposes.



· Presented technical information at public hearings before the LA Regional Water Quality Control Board, the California Coastal Commission, Ventura County Supervisors, the LA City Council and others.



· Published articles for technical and non-technical audiences.  Provided technical, legal and policy-related comments on TMDLs, NPDES permits, EIRs and other documents, and provided technical expertise to the press and public on controversial water-related environmental issues.





			


			200-2001
LA Regional Water Quality Control Board
Los Angeles, CA



Environmental Specialist



Developed key water quality regulations (Total Maximum Daily Loads).



Compiled water quality data for Los Angeles and Ventura regions.



· Reviewed and commented on CEQA documents related to aquatic ecosystems.












			


			1996-1998
Environment Canada
Burlington, ON



Habitat Biologist – Permitting Section



· Analyzed construction plans, determined environmental impacts of projects on aquatic ecosystems, negotiated mitigation and compensation works, developed monitoring plans and authorized projects.





			Education





			


			2003
University of California
Los Angeles, CA



· Doctorate of Environmental Science and Engineering



· Dissertation title:  Urbanization and Aquatic Ecosystem Health in Malibu Creek, California:  Impacts on Periphyton, Benthic Macroinvertebrates, and Environmental Policy





			


			1996
University of New Brunswick
Fredericton, NB



· Master’s of Science, Biology



· Thesis title: Impacts of Metal Mine Drainage on Parasite Loads of Juvenile Atlantic Salmon (Salmo salar).





			research and teaching





			


			1999-2001
University of California
Los Angeles, CA



· Research assistant for EMAP data collection in Calleguas and Sespe Creeks.



· Lead researcher studying impacts of ambient pesticides on acetylcholinesterase activity in Gila orcutti in Calleguas Creek, including study design, fish collection and laboratory analyses.





			


			1994-1996
University of New Brunswick
Fredericton, NB



· Research assistant: freshwater and marine fish collection, laboratory studies of zinc toxicity to fish, lab-rearing of invertebrates.



· Teaching assistant for Biology, Invertebrate Zoology, Parasitology.





			presentations





			


			Southern California Chapter of the Society of Environmental Toxicology and Chemistry Annual Meeting, July 2003. “Periphyton, Nutrients and Canopy in Malibu Creek, California.”



Society of Environmental Toxicology and Chemistry Annual Meeting poster presentation, November 2002. “Watershed Management Through Citizen Monitoring: A New 303(d) Listing and TMDL Requirement for Malibu Creek, California.”



American Fisheries Society California-Nevada Chapter, April 2002. “Bioassessment in Malibu Creek Using Benthic Macroinvertebrates.”



Southern California Chapter of the Society of Environmental Toxicology and Chemistry Annual Meeting, Invited Speaker, July 2001. “Technical and Policy Issues of the 303d Listing Process.”



Municipal Water District Annual Student Forum, Keynote Speech, April 2002.  



Society of Environmental Toxicology and Chemistry Annual Meeting poster presentation, November 2000. “Acetylcholinesterase Inhibition in Arroyo Chub (Gila orcutti) from Calleguas Creek, California.”
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8858 Carson Street



Culver City, Ca 90232
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EDUCATION



D. Env., Environmental Science and Engineering, UCLA, Los Angeles.  


2003



M.S., Environmental Engineering, USC, Los Angeles. 




1993



B.S., Fluid and Thermal Engineering, Case Western Reserve University, Cleveland OH.   1989



EXPERIENCE



Staff Scientist







     
    (1998 – Present)



Heal the Bay, Santa Monica, California



Staff scientist at regional non-profit advocacy group representing over 10,000 members. 



Advocate local, regional, state and federal agencies on water quality issues by developing technical analysis, written comments and testimony on: 



· Proposed local and state water quality and pollution control regulations, plans, policies,



· Major NPDES permits (Individual, Stormwater, and General)



· EIS/EIRs for large coastal projects



Key Projects:



· Advocate for Recreational Beach Water Quality:  active participate in the State’s Beach Water Quality Work Group, various EPA-lead technical stakeholder groups, and ad hoc SWCCRP-facilitated rapid indicator working group.  Review and comment on Clean Beach Initiative projects, EPA guidance documents, and bacteria TMDLs.  



· Analyze and evaluate TMDLs developed for Region IV



· Directed research for the Fecal Bacteria Storm Drain Plume Dispersion Study in partnership with SWCRRP and the Los Angeles RWQCB



· Advocate for Contaminated Sediments:  active participate in the Los Angeles Region’s Contaminated Sediment Task Force, review and comment on Port and ACE dredging projects including extent determination, monitoring, and disposal.  



· Active participate on various technical stakeholder groups



· Present technical information at public hearings before the LA Regional Water Quality Control Board, the California Coastal Commission, Ventura County Supervisors, the LA City Council and others.



Graduate Researcher







(1997-1998)



Environmental Science and Engineering, School of Public Health



University of California, Los Angeles



Investigated the uncertainty associated with the hazard quotient methodology used in screening-level ecological risk assessments completed for contaminated sites in California for the Department of Toxic Substances Control and the various branches of the U.S. military.



Environmental Engineer






(1992-1997)



Estate of Albert Levinson, El Segundo, California



Engineer for a team responsible for the operation and long-term liquidation of multi-million dollar industrial facilities estate. 



Key Responsibility



· Daily Regulatory Compliance for an independent Oil Exploration Company and a Grey-Iron Foundry 



Responsible for all aspects of environment regulation compliance including federal, state, and local air, wastewater, stormwater, and hazardous waste requirements. 



· Directed Industrial Site Remediation at multiple industrial facilities for real estate transactions.



· Investigation of seven former aerospace and three oil and gas facilities



· Phase II site assessment of a former organic iodide facility



· Facility closure and remediation of a grey-iron foundry.



· Bioremediation and vapor extraction at 80-acre oil field



Project Engineer



RMT, Inc., Santa Monica, California




(1990-1992)



Specialized in industrial facility regulatory compliance including federal, state and local air quality and hazardous waste disposal regulations, industrial stormwater program development and monitoring, wastewater discharge requirements, and OSHA regulations.



Key Projects



· On-site Compliance Engineer for Aerospace Manufacturer during Facility Closure and Remediation



· Developed for over 15 Industrial facilities:



AB-2588 Air Toxic Plans and Reports, Stormwater Pollution Prevention Plans,   and  SCAQMD Permit Applications



· Compliance Audits for over 20 Industrial Facilities 



Environmental Scientist






(1989-1990)



Roy F. Weston, Cleveland, Ohio



Contract-member of the U.S. EPA Superfund Technical Assistance Team for emergency response to uncontrolled releases of hazardous substances. Coordinated on-site response including monitoring, source identification and extent of contamination studies, OSHA and CERLA compliance.  Developed site cleanup and remediation plans including cost analysis.



Key Projects



· Emergency Response to the Mitigation of Landfill Gas into Residential Homes – Landfill Gas Extraction Operation



· Extent of Contamination Study and Removal Action Plan for a PCB-Contaminated Waste Oil Facility



· Member of the U.S. EPA Region V Chemical Safety Audit Team – Environmental Compliance Audits at Major Manufacturing Facilities



Publications and Presentations



“Variability of Shoreline Fecal Bacteria Densities due to Storm Drain Discharge 
in the Dry Season: Implications for Routine Monitoring Programs, October, 2002, California and the World Oceans, Santa Barbara, California.



“Beach Monitoring and Public Notification in S. California: Translating Science into Public Policy”, June 2001, American Association for Advancement of Science, Irvine California.



“Temporal Variability of Shoreline Bacteria Densities resulting from Dry-weather Urban Runoff Discharge”, September 2001, International Environmetrics Society, Portland, Oregon.



Duke, L.D. and Taggart, M., Uncertainty Factors in Screening Ecological Risk Assessment, 2000, Environmental Toxicology and Chemistry, (19) 1668-1680.



“Urban Runoff:  Largest Source of Pollution to Coastal Waters”, June 2000, California Water Environment Association, Newport Beach, California. 



MARK GOLDPRIVATE 
, D.Env.


828 Pine Street



Santa Monica, CA 90405



h) (310) 392-7947 or w) (310) 453-0395 x119



EXPERIENCE


Executive Director at Heal the Bay (6-94 to present)



Oversee advocacy, legislative, research, and education programs for the successful environmental group. Set priorities and help create strategic plan and implementation strategies for the organization on issues, programs, communications, development, education and finance. Chief administrator for the organization.  Develop and oversee annual budget of $3 million.  Primary spokesperson for the organization to the media, agencies, elected officials and at conferences.  Responsible for meeting yearly fundraising goals of $3 million. Manage a staff of 30. Responsible for the acquisition of the Santa Monica Pier Aquarium (formerly the UCLA Ocean Discovery Center.  Maintain responsibilities as the organization’s Issues and Programs Director (see below).  Principle negotiator for the organization on a wide variety of issues including the Los Angeles County’s Municipal Storm Water Permit, contaminated sediment issues, and California and National Bathing Water Standards issues.  Helped author state legislation including AB 411, AB 538, AB 2019, AB 1548, SB 72 and AB 1186. Chaired statewide workshop on contaminated sediments in 1997 and conference on Urban Storm Water Best Management Practices for the South-West United States in 1998.



Professor at UCLA (11/97 – 3/98)(12/01 to 4/02)



Visiting Professor at the School of Public Health.  The graduate level class focused on coastal pollution problems and their potential solutions.  Course material covered the regulatory acts (the Clean Water Act, National Environmental Protection Act, the Porter-Cologne Act, California Environmental Quality Act, and the California Coastal Act), regulatory agencies associated with those Acts, and water quality problems facing California’s coast from point and non-point sources, oil, and development. 



Issues and Programs Director  (9/88 - 6/94)



Provide technical support for the environmental public interest group. Responsibilities include: Analyze EIRs/EISs, discharge permit applications, consistency determinations, and local, state and federal regulations; complete field research and supervise the preparation of the organization's technical reports; manage technical and programmatic staff; write and present testimony for public hearings at the State and Regional Water Boards, California Coastal Commission, City Councils, the State Legislature and in front of other agencies; technical review of all of the organization's publications, educational materials, and press releases; provide technical support to Heal the Bay and other environmental groups on source reduction, water quality treatment management strategies and technologies, watershed management strategies, water quality regulatory compliance issues, and the toxicological and ecological impacts of water pollution on humans and aquatic life; decide on and implement issues agenda; review grants; create educational programs for the organization; serve as a spokesperson for 



the organization to the media; co-author, comment and testify on proposed water quality and 



natural resources legislation; research and write position papers; exchange information and work cooperatively with elected officials, engineers, scientists and agencies that work on coastal issues. Developed Heal the Bay’s Beach Report Card.



Environmental Consultant at Engineering Science Inc. (10/86 – 3/88)



Involved in the preparation of EIRs and environmental assessments. Primarily involved in writing the biological and water quality sections. Projects included: Development at Ballona Lagoon and Ormond Beach wetlands and the L.A. city urban runoff characterization study. 


EDUCATION



 

UCLA -
D. Env., Environmental Science and Engineering: June, 1994





UCLA -
M.A., Biology: June, 1986



UCLA -
B.S., Biology: June, 1984



RESEARCH PROJECTS


Principal Investigator on a study of the PCB and DDT contaminant levels in commercially sold white croaker. Included in the study was a cancer risk assessment, an analysis of the current regulatory framework on contaminated fish, and numerous recommendations to reduce the cancer risks to the population consuming white croaker.



Investigator on an epidemiological study of the possible adverse health effects of swimming in the urban runoff contaminated waters of Santa Monica Bay. The study was completed under the auspices of the Santa Monica Bay Restoration Project.  6-94 to 5-96. In Epidemiology  1999. Haile, R., Witte, J., Gold, M. et al.,



Coauthor of a 1998 paper in Marine Science Bulletin on developing a fish contamination monitoring program for Santa Monica Bay.



Principle investigator on a series of storm drain and surf zone pathogen studies completed under the auspices of the Santa Monica Bay Restoration Project. 6-88 to 6-92.



Co-author of a comprehensive study on the use of oxidants for drinking water treatment for the Journal of the American Water Works Association. Summer 1988. 



Co-author of a comprehensive study for the State Water Resources Control Board on the sources, fate, transport, aquatic toxicity and possible biological impacts of exposures to six chlorinated organics in the environment. Fall 1987 - Spring 1988.



Co-author of a paper entitled, "Current and Prospective Quality of California's Ground Water" presented at the 16th Biennial Conference on Ground Water. Summer, 1987.



MEMBERSHIPS 



Member of the California Oceans Science Trust; Vice Chair of the Santa Monica Bay Restoration Commission (SMBRC), member of the SMBRC Watershed Council and Technical Advisory Committee (TAC); member of UCLA School of Public Health Hall of Fame; member of USC Sea Grant Advisory Board; member of the Palos Verdes Superfund Site Technical Advisory Committee; Member of the NOAA Natural Resources Damages Technical Advisory Committee for the Palos Verdes shelf. Chair of the City of Santa Monica's Environmental Task Force;  Member of the City of Malibu's Environmental Review Board; Member of the Los Angeles Regional Contaminated Sediment Management Committee and Technical Advisory Committee;  Member of California’s Beach Water Quality Task Force and the Clean Beach Advisory Group; Member of the Advisory Board for the Environmental Media Association; Member of the Malibu Creek Watershed Advisory Committee.  Prior member of the of the Environmental Protection Agency’s Urban Wet Weather Federal Advisory Committee and Beach Advisory Group, the Regional Water Board’s Groundwater Technical Advisory Committee and the Technical Review Committee for Surface Water.
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Appendix VI:


Snapshots of Potential Impacts of Proposed Methodology



San Gabriel River



[image: image29.jpg]Running through the heart of East Los Angeles County, the San Gabriel River is one of the few major largely soft-bottomed waterways remaining in Southern California. Originating in the San Gabriel Mountains, the river flows south to the Pacific Ocean at Seal Beach and provides a rare natural refuge in the middle of this highly urbanized region.



The site of the historical San Gabriel Mission, the San Gabriel River witnessed the last stand of the Mexican Army in the Mexican-American war and once hosted a healthy migration of steelhead trout.   Today a wild population of brown trout is found in a section of the west fork and in a region with ten times less green space as is needed to maintain a healthy environment, several equestrian trails and pocket parks line the waterway and provide an essential escape to residents.  



Despite the importance of the San Gabriel River to the community, the waterway faces several challenges.  The Los Angeles Regional Water Quality Control Board oversees 865 National Pollutant Elimination Discharge System (NPDES) permits in the San Gabriel River watershed. Runoff contamination carries trash and many dangerous metals such as zinc into its waters, threatening the health of the river’s wildlife, while several invasive species threaten the health of the riparian ecosystem. 



In recognition of its vital contribution to the history and contemporary culture of the region, numerous government agencies and community organizations are engaged in a regional effort to revitalize the waterway.  The ultimate goal of these efforts is to improve the San Gabriel’s water quality and establish a greenbelt along the banks of the river from its headwaters in the mountains to its outlet in the Pacific Ocean.  



As part of this initiative, local organizations such as the Friends of the San Gabriel River organize yearly water-monitoring events that recruit hundreds of community volunteers to test the quality of the waterway.   The Los Angeles and San Gabriel Watershed Council facilitates stakeholder coordination around the waterway and Los Angeles County Proposition A funds allocated by Supervisor Gloria Molina support the development of local pocket parks.  Recent federal legislation authored by Congresswoman Hilda Solis also commits federal funding to study the possibility of designating portions of the waterway as a national park. 



The proposed 303 (d) listing policy will leave waterways such as the San Gabriel River that are in desperate need of the protections that the TMDL program provides off its list.  In 2002, the Los Angeles Regional Water Quality Control Board placed Reach 2 of the San Gabriel River on the 303 (d) list after 4 out of 26 samples (15%) of samples demonstrated an exceedence of water quality standards for zinc.  Under the binomial approached included in the proposed listing policy, this level of contamination would have been insufficient to list the San Gabriel River.  Such an omission would have removed the TMDL program as a tool for revitalizing the river and severely hampered community efforts to revitalize the waterway.  Should the proposed 303(d) listing policy be implemented, communities will be unable to use the TMDL process as a tool to revitalize similar waterways. 



San Antonio Creek



Part of the Ventura River Watershed, the San Antonio Creek flows through the city of Ojai in Ventura County from the Transverse Ranges south to the Ventura River. 



The creek flows through the center of the small city of 8,000, and provides the scenic backdrop to the world-famous Ojai Valley Tennis Tournament, the largest amateur tennis tournament in the country. After leaving the city, the creek flows past lush avocado and orange orchards to join the Ventura River. . 



In addition to its contribution to the cultural life of Ojai and Southern Ventura County, San Antonio Creek plays a critical role in the region’s ecosystem.   The endangered unarmored threespine sickleback, a small fish that once populated waterways throughout Southern California and now found only in a handful of waterways, calls San Antonio Creek home.  



Despite its importance to the community and ecology of Ojai and Southern Ventura County, the water quality of San Antonio Creek faces several challenges.   Runoff from agricultural sources, for example, leads to high levels of eutrophication that threaten the oxygen supplies of fish species such as the threespine sickleback.     



Recognizing the importance of San Antonio Creek to the region, local community volunteers mobilized a ‘Stream Team’ to test the waterway for contamination and provide the data to local water quality boards.  With 4 out of 23 (17%) of samples exceeding water quality standards, the results of the testing indicated elevated levels of nitrates, which can lead to eutrophication.   In response to this finding, the Los Angeles Regional Water Quality Control Board placed San Antonio Creek on the 303 (d) list for nitrates.  This designation will allow the Board to develop a TMDL for the waterway and ensure that nitrate contamination into the waterway is curtailed.  



The proposed 303(d) listing/delisting policy will ensure that waterways such as San Antonio Creek are never listed and consequently, problems such as nitrate contamination never addressed.  The binomial approach requires that 5 out of 23 toxicity samples exceed water quality standards in order to list a waterway.  Thus, under the proposed policy San Antonio Creek would never have been listed on the 303(d) list for nitrates, and a major water quality issue ignored.  



Coyote Creek






Flowing through Northern Orange County, Coyote Creek runs from Riverside County to the San Gabriel River.   On its way to the River, Coyote Creek provides the aesthetic backdrop to Coyote Creek Golf Club, a cornerstone of the local economy.  



Despite its importance to the local economy, Coyote Creek faces a series of water quality challenges that threaten its beneficial uses. These include poor water quality, lost aquatic species, lost and degraded wetlands, in-stream and terrestrial habitats, channel degradation and erosion, reduced natural recharge, infestation of invasive species, flood damage, and devalued recreation experience. 



In 2002, the Santa Ana Regional Water Quality Control Board listed Coyote Creek on the 303(d) impaired waters list after toxicity resting revealed levels of selenium in the waterway that exceeded water quality standards. Selenium is a heavy metal that is extremely toxic to aquatic wildlife at very low concentrations.   Out of 26 samples taken, 5 (19%) exceeded water quality standard for the toxin.  



Under the proposed listing/de-listing policy, Coyote Creek would not have been included on the 303(d) list, despite the high incidence of selenium contamination.  Using the binomial approach, at least 6 samples out of 26 must exceed water quality standards for inclusion of the waterway.  Thus, waterways such as Coyote Creek with significant impairment that are essential to local economies may be overlooked and ignored in regional cleanup efforts. 



Quail Creek



Flowing into the Salinas River, Quail Creek is part of a major watershed that flows into the Monterey Bay National Marine Sanctuary.  The primary land use around the creek is agriculture and grazing. High nitrate levels are commonly found in the surface waters of this watershed. Other issues include siltation, water diversions, migration barriers for salmonids, and high water temperatures.


The proposed listing/delisting policy as written requires that for toxicity sample counts fewer than 20, 5 samples must exceed standards.  Quail Creek has 4 samples for nitrate contamination that exceed standards set by the state drinking water maximum contaminant level for nitrates of 45 mg/L.  Despite the fact that many of the detected exceedances reached levels that would poison cattle, under the proposed policy Quail Creek would not have been included on the 303 (d) list by the Central Coast Regional Water Quality Control Board. 



The potential for such an omission is particularly alarming when considering the possible impact of nitrates on the health of cattle grazing by the creek.  Nitrate poisoning can be extremely hazardous to cattle populations. Acute poisoning occurs within 30 minutes to 4 hours after ingestion of plants or water high in nitrates. Thus, the problem occurs very quickly and often the cattle are observed to be normal one day and dead the next day. A very early sign is salivation followed by frequent urination. Soon after, the cattle exhibit difficult breathing, increased respiratory rate, and dark brown or "chocolate" colored blood and mucous membranes. The animals then become weak, reluctant to move, and have convulsions before they die. It is common to simply find some of the cattle dead. If pregnant cattle receive a dose that is not quite deadly, they may abort soon after recovering.  



The adoption of the proposed delisting/listing policy would thus allow waterways such as Quail Creek to be omitted from the 303(d) Impaired Waters List and thus ignore a major potential threat to local grazing economies. 



Appendix VII:
Letter from Alexis Strauss, U.S. EPA Region IX to Arthur Baggett, SWRCB (Feb. 18, 2004)



February 18, 2004



Mr. Arthur Baggett



Chairman



State Water Resources Control Board



P.O. Box 100



Sacramento, CA  94912-0100



Dear Mr. Baggett:




Thank you for the opportunity to review California’s draft Water Quality Control Policy for developing the State’s Clean Water Act Section 303(d) list.  Because EPA is responsible for acting upon the State’s Section 303(d) listing decisions that will be based on the assessment methodology contained in the Policy, we carefully evaluated the draft policy to determine whether it is consistent with applicable water quality standards, the Clean Water Act and associated federal regulatory requirements.   EPA does not take formal action on the assessment methodology itself.



EPA is concerned that many provisions of the draft policy appear to conflict with applicable water quality standards and federal listing requirements.  This letter summarizes these concerns; an enclosure provides more detailed comments and recommendations.  We urge the State Board to make substantial revisions to the policy to ensure that it is fully consistent with water quality standards and Section 303(d) listing requirements. 



Although the policy needs to be revised, we believe the draft policy represents a step in the right direction.  We recognize that the State Board has devoted substantial effort in developing the draft listing policy and we understand that it is difficult to define policies that account for the full range of water quality assessment challenges that face California.  We support the State’s objectives to improve the quality of data supporting listing decisions, the clarity of assessment criteria, and the consistency with which assessment criteria are applied.  We appreciate that the policy provides for the evaluation of all data and information types and the application of all numeric and narrative water quality standards in the assessment process.  We also appreciate your staff’s effort to solicit input from EPA during the initial phases of policy development.  



It is difficult to identify elements of the proposed policy that would result in listing decisions that are inconsistent with applicable water quality standards and federal listing requirements for two reasons.  First, it is unclear how many policy elements will actually be interpreted and applied by State and Regional Board staff because they are not explained clearly in the draft policy.  The policy is inconsistent in its description of assessment methods as requirements or as discretionary guidelines.  Second, the policy authorizes but does not require the State to consider listing waters under Section 303(d) that do not meet the explicit listing criteria through the subsequent application of professional judgment and “weight of evidence” analysis.  It is unclear whether and how the State will actually apply these additional provisions.  When the State develops its 2004 Section 303(d) list based on the adopted policy, EPA will carefully scrutinize the proposed listing decisions and associated assessment rationales.  If the actual listing decisions are consistent with applicable water quality standards and federal listing requirements, the list will be approvable.  



Inconsistencies With Federal Requirements



Based on our review of the policy, these provisions appear to be inconsistent with federal requirements:



· The policy includes provisions for excluding from consideration data and information that do not meet all of the State’s preferred tests of data quality and representativeness.  These provisions appear to conflict with 40 CFR 130.7(b), which requires the state to gather and consider all existing and readily available data and information in the listing process.  This requirement creates a strong presumption that data and information will be used in the assessment process unless it is completely unreliable.  The data limitations and preconditions also seem substantially more stringent than the principles governing evidence admissibility and opportunity for public participation typically used in California administrative proceedings.  The proposed policy and supporting documentation do not contain sufficient rationale for a decision to exclude available data and information from consideration, as required by 40 CFR 130.7(b)(6).  Data and information are often useful within a “weight-of-evidence” assessment context even if they do not meet every quality assurance expectation.



· The proposed procedures for assessing exceedances of numeric water quality standards for many pollutants conflict with existing water quality standards provisions.  Most procedures rely on a 10% allowable exceedance rate applied through a nonparametric binomial statistical test for most pollutant types and therefore appear to be much less stringent than existing state water quality standards, in conflict with federal listing requirements.  For example, the proposed assessment procedure for toxic pollutants neglects the explicit recurrence intervals defined in the California Toxics Rule, which states that acute or chronic standards are not to be exceeded more than once in every three consecutive year period (see 40 CFR 131.38 (c)(2)(iii)).  



· The policy does not describe clear provisions for identifying and listing threatened waters.  Federal regulations at 40 CFR 130.7(b) and 130.2(j) require the identification of waters which do not or are not expected to meet applicable water quality standards.  As described in EPA’s national listing guidance (EPA, 1997a and EPA, 2003), States are expected to assess potentially threatened waters and to list waters which are expected to exceed applicable standards during the following 2-year period.  The policy mentions but does not require the assessment of water quality trends that could identify threatened waters; moreover, it is not clear that the policy provides for evaluation of dilution calculations or modeling results to support potential listing determinations as required by federal regulations (see 40 CFR 130.7(b)(5)(ii)).



· The policy contains provisions that would exclude from listing waters impaired due to pollutant discharges from naturally occurring sources and these provisions conflict with applicable state water quality standards, which do not contain such an exemption.  Moreover, the policy would appear to exclude from listing impaired waters that receive pollutant discharges from anthropogenic sources if naturally occurring sources alone were sufficient to cause water quality standards exceedances, a provision that also conflicts with state water quality standards.  The draft listing policy conflicts with the State’s draft S.B. 469 TMDL Guidance document, which correctly observes that water quality standards would need to be revised in order to avoid listing or developing TMDLs for waters whose natural background pollutant levels exceed water quality standards (SWRCB, 2003, section 6).  Finally, the provision that encourages application of a reference watershed approach to assessment of bacteria standards exceedances is inconsistent with state water quality standards except in Region 4, the only Region in which a reference watershed approach to bacteria standards implementation has been adopted as a component of its water quality standards.  The state would need to adopt and receive EPA approval of water quality standards changes pursuant to Section 303(c) in order to apply natural source exclusions or the reference watershed approach to implementing bacteria standards as part of the Section 303(d) listing methodology.



· For toxicity assessments, it is uncertain if the policy would require listing a water body with evidence of toxicity but the pollutant is unknown.  Recent EPA listing guidance clarifies states must list impaired or threatened waters based on biological assessments, or toxicity testing that demonstrate violations of narrative or numeric criteria adopted to protect designated uses even if the specific pollutant is not known (see EPA, 2003.)



· The policy provides that impaired waters need not be listed if other enforceable programs are available to address the impairment causes.  This provision is generally consistent with the requirements of 40 CFR 130.7(b).  However, in order for this provision to apply, the policy states that the discharge source subject to the enforceable program need only comprise the majority of the pollutant load causing the impairment.  This provision is potentially inconsistent with federal regulations because minority sources not covered by the enforceable program may be sufficient to cause water quality standards violations even if the majority source is controlled.  This part of the enforceable programs provision should be revised to require that enforceable programs that address impairments sources must be sufficient to result in full attainment of water quality standards, taking into account all pollutant sources in addition to the regulated source(s).



Other Key Concerns About the Draft Listing Policy




Several other listing provisions either appear to conflict with federal listing requirements, are too vague to enable us to adequately evaluate their consistency with federal requirements, or have not been supported by adequate technical rationales.  EPA is concerned about the following aspects of the policy, most of which are also discussed in greater detail in the enclosure to this letter:



· The policy does not require verification that data sets are suitable for analysis through the proposed binomial statistics method.  Unless evaluated data exhibit particular characteristics (e.g. normal distribution, sample independence, absence of systematic biases) it may be invalid to draw valid statistical inferences based on binomial statistical tests (see Lin, et al., 2000).  With the exception of monitoring programs based on random sample designs, most monitoring programs in California are not designed to collect data that exhibit these characteristics.  



· The policy is unclear as to whether and how alternative data evaluation and weight of evidence analysis procedures will be applied in the assessment process.  The policy should include a firm commitment to apply a weight of evidence approach that would provide for listing of waters in cases where multiple lines of evidence combine to demonstrate water quality standards exceedances even if a single line of evidence provides insufficient evidence of exceedances.  The policy should explain more clearly the procedures to be followed to conduct weight of evidence analysis.  As proposed, the policy takes too narrow a view of weight of evidence analysis and thereby creates the potential that standards exceedances and associated listings will be missed in the assessment process. 



· The policy is unclear about how priority ranking and scheduling decisions will be made.  Moreover, scheduling provisions should be modified to be consistent with EPA’s national policy that TMDLs are to be completed within approximately 8-13 years of the date of initial listing or 1998, whichever is later (see EPA, 1997b).



Conclusion




EPA expressed these concerns in comments to State Board staff dated June 2003 on the previous draft of the proposed policy.  We are concerned that most of the inconsistencies with federal listing requirement identified in our previous comments remain in the December 2003 draft policy.  Unless the policy is modified to address our remaining concerns, it appears likely that the State will develop Section 303(d) listing decisions that do not comply with federal listing requirements.  EPA would be compelled to disapprove any listing decision that conflicts with these requirements.  EPA partially disapproved and added waters and pollutants to the California Section 303(d) lists submitted in 1992, 1996, 1998, and 2003—an outcome we want to avoid in future listing decisions.  We would greatly prefer to work with the State Board and your staff to identify policy modifications that comply with state water quality standards and federal listing requirements.  We do appreciate your efforts to develop this policy and look forward to working with you in the coming months to help strengthen the policy.  If you have questions concerning these comments, please call me at (415) 972-3752 or David Smith at (415) 972-3416.









Sincerely,









Alexis Strauss









Water Division Director



Enclosure



Enclosure:  Specific Concerns About California’s Proposed Section 303(d) Listing Policy



Data Quality, Quantity and Representativeness




The draft listing policy proposes to use minimum sample sizes for assessing certain pollutants (e.g., n>20 for water samples and n>10 for tissue or sediment samples).  EPA’s recent listing guidance states “EPA does not recommend the use of rigid, across the board, minimum sample size requirements in the assessment process.  Small sample sets often provide sufficient information to support decisions to list waters because the frequency and/or magnitude of observed excursions and digressions are high enough to support a reliable impairment determination.” (EPA 2003, pp. 25-26).  The policy appears to allow assessments of smaller data sets on case-by-case basis, but the policy should more clearly require assessment of data sets with fewer than the suggested “minimum” sample sizes.  




The policy also requires only “high quality” data to be considered for listing impaired waters; i.e., monitoring data associated with a Quality Assurance Project Plan or equivalent.  Other data will be considered only in combination with “high quality data”; however other data cannot be used by itself.  EPA agrees that “high quality” data should be accorded the greatest weight to support listing and de-listing decisions.  However, all data and information must be considered (see EPA, 1997a and EPA, 2003).  We encourage the State to define the basic QA/QC components that correspond to the “equivalent” of a QAPP.  For example, if a monitoring group were to provide documentation of study objectives, rational for selection of sampling sites, sampling frequency, field techniques, analytical methods, and personnel training, then we see no legal rationale to exclude the analytical results and monitoring data from the assessment. 




The policy lists major monitoring programs in California considered to be of high quality.  We recommend the State include all EPA monitoring data (not just EMAP) as well as other agencies that operate high quality sampling programs (e.g., US Fish and Wildlife Service, US Department of Agriculture, US Army Corps of Engineers, and National Oceanic and Atmospheric Administration).




The policy’s minimum sample size and high quality data provisions and supporting rationale do not provide a "good cause" rationale for excluding data and information from consideration (see 40 CFR 130.7(b)).  These regulatory provisions create a rebuttable presumption that all readily available data and information will be used in the assessment process.  A great deal of useful data from STORET, academic and agency reports, and volunteer monitoring groups would appear to be excluded from consideration under the proposed rule, an outcome which appears inconsistent with the federal requirements.




Moreover, these requirements appear to be more stringent that the principles governing the admissibility of evidence and opportunities for public participation typically used in California administrative proceedings.  See, e.g., Gaytan v. Workers’ Compensation Appeals Board, 134 Cal.Rptr.2d 516, 529-530 (2003) (discussing party’s opportunity to present evidence and have it considered); McBail & Co. v. Solano County Local Agency Formation Comm., 72 Cal .Rptr.2d 923, 926-28 (1998) (discussing agencies’ obligation to adequately consider “all relevant factors”, and disapproving agency’s effort to require a party to make a factual showing beyond that required by statute); Mohilef v. Janovici, 58 Cal.Rptr.2d 721, 736 (1996) (“it is well established that a ‘presentation to an administrative agency may properly include evidence that would not be admissible in a court of law’”); Desmond v. County of Contra Costa, 25 Cal.Rptr. 840, 846-847 (1993) (approving use of non-expert opinion testimony in agency proceeding); County of San Diego v. Assessment Appeal Board, 195 Cal.Rptr. 895, 900-901 (1983) (setting aside Board’s decision because “it chose to disregard competent evidence”; Calif. Hotel and Motel Assn., 157 Cal.Rptr. 840 (1979) (discussing public participation objectives of California’s Administrative Procedures Act); see also California Optometric Assn. 131 Cal.Rptr. 744 (1976) and Carmel Valley View, Ltd., 130 Cal.Rptr. 249 (1976).




We are also concerned that the proposed policy appears to set a higher burden of proof than typically used in California’s administrative proceedings.  We understand that “preponderance of the evidence” is the burden of proof typically used in the State’s administrative proceedings.  See, e.g., Mann v. Dept. of Motor Vehicles, 90 Cal.Rptr. 2d 277, 282-283 (1999) (“Evidence Code section 115 provides in part that ‘[e]xcept as otherwise provided by law, the burden of proof requires proof by a preponderance of the evidence”, rejecting argument that department “had the burden of producing ‘clear and convincing [proof] to a reasonable certainty” in administrative proceeding); San Benito Foods v. Veneman, 58 Cal.Rptr.2d 571 (1996) (rejecting argument that agency’s hearing officer was required to apply a “clear and convincing evidence” standard of proof in administrative proceeding); In the Matter of Permits 19259 and 19260, State Water Resources Control Board, 1987 WL 54550 (1987) (“Permittee asserts that the standard of proof in this case should be that of clear and convincing proof to a reasonable certainty.”  “Generally, the proper standard of proof in cases where no fundamental vested right is involved is the preponderance of the evidence standard….We conclude that changes in water right permits likewise are subject to the preponderance standard and substantial evidence review.”); Rosas v. Workers’ Compensation Appeals Board, 20 Cal.Rptr.2d 778, 783-87 (1993) (the burden of proof in a workers’ compensation proceeding “manifestly does not require the applicant to prove causation by scientific certainty”); and Western Oil and Gas Assoc. V. Air Resources Board, 208 Cal.Rptr. 850, 858 (1984) (“The Board therefore should not be required to wait until substantial adverse effects are scientifically verified before adopting appropriate standards.”}




In section 6.2.5, the draft policy states “information that is descriptive, estimated, modeled or projected may be used as ancillary lines of evidence for listing or de-listing decisions.”  We request the State modify this to remove the notion that such information will be treated only as supplementary information for assessment decisions.  We find it inconsistent with federal guidance that water quality modeling results by themselves are sufficient means of assessing water quality conditions.  Federal regulations require the consideration of information from dilution calculations or predictive models in the assessment process (40 CFR 130.7(b)(5)(ii)).  



Statistical Methods




As discussed in our letter, it is important that data sets exhibit certain characteristics in order to validly apply statistical analysis procedures such as nonparametric binomial methods to describe potential sources of analytical error.  In order for these statistical tests to yield reliable results, evaluated data should be independent, normally distributed, and without bias (e.g., serial correlation or autocorrelation).  The policy should be modified to provide for the verification that available data sets exhibit these characteristics prior to applying the binomial approach.  We expect that the State will document its analysis which shows these assumptions are met to a reasonable degree.  Not all data sets must meet every assumption completely, but the State should discuss potential errors associated with application of binomial analysis methods to data sets that do not meet one or more key assumptions.  We want to stress that the data should be assessed through another assessment method if the assumptions necessary to carry out a binomial assessment are not met.




The listing policy relies heavily on the binomial approach, its limitations, or the policy choices reflected in its design with respect to management of type 1 and type 2 decision error.  Instead the policy uses footnotes to provide some background information and relies on the notion that other states have already adopted the binomial parameters and therefore they are acceptable.  For example, the policy discusses the null hypothesis yet it does not clearly define the state’s definition of the null hypothesis for listing waters (which is buried in the FED).  This is especially critical for the de-listing section of the policy.  Moreover, the proposed approach to applying binomial statistics infers a policy choice by the state to minimize type 1 error (the likelihood of incorrectly assessing a water as impaired) at the cost of maximizing type 2 error (the likelihood of incorrectly concluding that an impaired water is attaining standards). EPA guidance and professional literature recommend that type 1 and type 2 error rates should be balanced if there is no clear agreement that one form of error is more important than the other, as a policy matter, in that state (see EPA, 2001, EPA 2003, and Smith, et al ., 2001).




For many pollutant types (toxics, conventional, bacteria, tissues, etc), the policy proposes the State will list waters in cases where there was greater than 90% statistical confidence that a numeric standard has been exceeded at least 10% of the time (i.e., the binomial approach).  The policy refers to EPA guidance to defend its decision criteria, most specifically a 10% allowable exceedance level, and yet this is based on an incorrect reading of EPA guidance concerning allowable water quality exceedance rates.  The assertion that EPA endorses the use of a 10% standards exceedance rate is incorrect.  The EPA 305(b) guidance (EPA, 1997a, as clarified in EPA, 2003) refers to the 10% exceedance rate as a method for assessing data sample sets-- not as an acceptable exceedance rate in the "population".  The use of this exceedance rate in a binomial assessment method has not been shown to be protective of water quality nor consistent with water quality standards requirements.  With a few exceptions, California water quality standards do not authorize a 10% exceedance frequency as proposed in this policy.  It is likely that use of this exceedance rate would increase the number of water bodies that do not meet water quality standards that are missed in the listing assessments.  The 10% binomial analysis approach must be changed in order for the policy to be consistent with state water quality standards and federal listing requirements.




The proposed policy applies the binomial approach to certain sized data sets, and then for smaller data sets it defines arbitrary required exceedance frequencies in order to support listing determinations.  For example, some water parameters are evaluated via the binomial approach for n > 20 and refers to Table 4.2 for the maximum allowable number of exceedances.  For smaller sample sets, n<20, only if 5 or more exceedances have been observed will the water body be deemed impaired.  The policy and supporting documentation do not demonstrate that this approach is consistent with State water quality standards or technically defensible.



Toxic Pollutants




The proposed binomial approach as applied to toxic pollutants in water does not meet federal requirements for assessing water bodies designated with the aquatic life beneficial use.  EPA’s guidance for the 2004 cycle states, “Use of the 10% rule when performing attainment determinations regarding effects of toxics is not appropriate unless the State’s WQS regulations specifically authorizes use of this rule for such pollutants”  (EPA 2003, pg. 30).  The State needs to modify this approach to be consistent with the allowable exceedance frequency explicitly stated in California Toxics Rule (which includes most of the toxic pollutant standards in effect in California) and which served as the analytical basis for most other toxic pollutant objectives in the Basin Plans.  The California Toxics Rule (EPA, 2000a) states that numeric standards designated for aquatic life uses are not to be exceeded more than once every three years, regardless of sample size.  In order to ensure consistency with this provision, the listing policy should be modified to provide for listing in cases where 2 or more independent samples exceed the acute or chronic water quality standards in any 3 consecutive year period.  An allowable 1 in 3 year exceedance rate would correspond to approximately 0.1% of the days in any 3-year period.  If the State wants to apply a binomial assessment method to identify toxic pollutant impairments, then a 0.1% allowable exceedance rate would be consistent with the requirements of the California Toxics Rule.



Conventional Pollutants



For conventional pollutants, the proposed policy cites EPA’s 305(b) guidance as part of its rationale for using an allowable 10% water quality standards exceedance rate as part of its binomial assessment methodology.  The policy misinterprets this EPA guidance.  EPA’s 1997 guidance recommends methods for evaluating relatively small-sized sample sets to assess compliance with the applicable water quality standards, which specify allowable exceedance rates in the entire water body.  The guidance does not directly identify allowable water quality standards exceedance rates.  Excursion rates used to evaluate small sample sets are not directly comparable to allowable water quality standards exceedance frequencies in the underlying “population”.  Most of California’s water quality standards for conventional pollutants do not authorize 10% exceedance frequencies.  



Because the binomial approach already accounts for and directly manages uncertainty associated with assessments based on small sample sizes, including type 1 error in particular, it would be inappropriate to apply the 10% exceedance rate directly within the context of a binomial assessment approach unless the underlying water quality standards authorize a 10% exceedance frequency.



In order for California to apply a 10% exceedance frequency within a binomial analysis framework, the State would need to document that the applicable water quality standards for each pollutant authorize a 10% exceedance rate.  Some Regional Basin Plans include water quality objectives that provide for 10% (or other specified percentage) exceedance frequencies.  It would be appropriate to apply the proposed 10% (or other specified percentage) exceedance frequency within a binomial analysis framework in these cases.  However, most Basin Plan objectives for conventional pollutants are expressed as values not to be exceeded.  The 10% binomial approach is much less stringent than these objectives provide in these cases.  In cases in which the Basin Plans are silent with respect to allowable exceedance frequencies, the State would need to provide a stronger rationale for its selected method.  As discussed above, it is inappropriate to cite EPA guidance as a rationale for the proposed 10% exceedance frequency.  Nor is it appropriate to cite other state methodologies as a basis for the proposed approach because other state water quality standards often are expressed in terms that authorize use of an underlying 10% exceedance rate for particular conventional pollutants.   



Some California standards (e.g., for bacterial indicators) are expressed both in terms of 10% exceedance frequencies and as instantaneous maximum values not to be exceeded.  It is invalid to ignore the “not be exceeded” element of the standards in the assessment process, and the State should revise the policy to explain how these two-part standards will be assessed.  



“Nuisance” Pollutants




The policy should be modified to clarify that many of the pollutants characterized as “nuisances” may pose serious threats to aquatic habitat, recreation, fishing, and other important beneficial uses.  The proposed assessment criteria for the impairment types covered in this section lack sufficient detail to guide consistent application of assessment methods.   As discussed in the preceding section, the policy would need to provide a more persuasive rationale to support application of the 10% binomial approach to assessment of these pollutants.  Many of the Basin Plans contain water quality objectives that do not appear to authorize such high exceedance frequencies.  



Bacteria



The policy provisions for assessing bacterial standards exceedances should be revised because the proposed criteria appear to conflict with the State’s current two-number water quality standards or objectives which have both an instantaneous maximum as well as specific data requirements and 30-day evaluation periods.  The 10% binomial aspect would potentially be consistent with the numeric standard using the 30-day geometric mean averaging period.  The policy should more clearly explain how 30-day geometric mean objectives are to be interpreted.  Several potential interpretations are possible:



· monthly geometric means for each month would be calculated then compared with this component of the objective through the binomial method,



· rolling 30-day geometric means would be calculated and applied through the binomial method, 



· the geometric mean of all samples would be calculated and compared directly to the numeric objective.  



The policy should more clearly explain how data would be evaluated in cases in which fewer than 4-5 samples are available in any particular month.  We are concerned that exclusion of data from further consideration simply because the minimum monthly sample sizes are not available could result in incorrect conclusions that the objectives are attained.   We recommend the data should be evaluated through a weight of evidence approach that considers the frequency, duration, and magnitude of bacterial standards excursions along with information about potential bacteria discharge sources. 



Bioaccumulative Toxins 



The policy should provide a more robust rationale supporting the proposed use of the 10% binomial approach for assessment of bioaccumulative toxins.  We are concerned that the proposed approach is probably not sufficient protective of aquatic life uses and appears to be inconsistent with the language in Basin Plan narrative objectives applicable to bioaccumulative pollutants.  The minimum data size (n=10) should be lowered since this sample media is most likely to represent water quality conditions over long term.  Fewer fish tissue measurements are required to make a more accurate analysis, especially if composite results are provided.  In essence, an assessment based on as few as 3 composite fish sample results can be completed with sufficient confidence and it is probably more accurate than assessments made using 10 individual samples.  (Composites generally consist of 3 or more individuals of the same species, where the smallest is 75% in length of the largest.) We encourage the State to include more explicit language about interpretation of individual versus composite results, and to include guidelines on evaluating magnitude of tissue results. We concur that tissue results from muscle or whole body should be used in the assessment and that kidney or liver tissue alone are not suitable measures.  Finally, the State should rectify Table 3 and use the most appropriate screening value for arsenic in fish tissue—1.2 mg/kg ww for inorganic arsenic (see EPA 2000b. pg. 5-11 and discussion in Newport Bay Toxic Pollutant TMDLs pp. 69-70).  



Toxicity



The toxicity section of the policy is also inconsistent with existing Basin Plan standards.  Each Basin Plan has standards that address toxicity by authorizing, in essence,  “no toxics in toxic amounts”.  The policy should be revised to incorporate more protective assessment criteria for evaluating toxicity data that are consistent with Basin Plan requirements.  The proposed toxicity evaluation method also needs to be revised to better account for the complexities of assessing the presence and magnitude of acute and chronic toxicity in multiple species tests.  We will provide additional technical recommendations for improving the toxicity assessment methodology in the next week. 



Alternate Data Evaluations



The listing policy includes provisions for listing waters based on alternate data evaluation and we support this general concept of multiple lines of evidence to determine impairment. However, the proposed policy is too vague both in terms of the scope of data and information to be considered and the specific methods to be applied to consider multiple lines of evidence.  These provisions should more clearly apply to all data types including sediment, tissue, toxicity, and biological response data.  The policy should more clearly explain how alternate data sources would be evaluated.  We are concerned that the draft policy currently states “the measurements can be analyzed using a scientifically defensible procedure that provides an equivalent level of confidence as the listing factors in section 3.1.”  This seems to require any and all data must have 90% confidence level to be used in assessing impaired waters, which may be inconsistent with the concept of a weight of evidence approach.  Also, it is unclear if sample magnitude can be sufficiently influential to cause listing the water body based on sediment and/or tissue results.  




The State should consider adopting weight of evidence approaches that more clearly explain how different lines of evidence will be evaluated in conducting individual assessments.  There are available analytical options between the purely qualitative method proposed in the policy and the option of reducing all lines of evidence to a single quantitative measure, as discussed in the FED.  For example, EPA developed and applied a semi-quantitative method of evaluating water column, sediment, and fish tissue data for toxic pollutants in the process of developing several TMDLs for Newport Bay, CA.  We recommend that the State consider the use of this type of approach as part of the listing policy.



Natural Source Exemptions



The proposed policy states that water body impairment due to natural sources will be exempt from inclusion on the 303(d) list.  In order for waters impaired due to natural sources to be excluded, the adopted water quality standards must clearly contain such exclusions.  Our review of the Basin Plans found no such exclusions.  The State’s draft TMDL guidance properly notes that standards would need to be changed in order to avoid listing waters impaired by natural sources, and approach that was taken by the Lahontan RWQCB.  If appropriate, the State may consider adoption of a natural sources exclusion and submit it for EPA approval pursuant to Section 303(c).   However, until the standards are modified, this provision should be deleted from the policy.  Impaired waters should be listed and may appropriately be assigned a lower priority ranking in order to reflect the State’s preference for revising the applicable water quality standards, which may obviate the need to develop TMDLs for these waters.



We are also concerned that the policy provides that waters influenced by anthropogenic sources needed not be listed if natural sources by themselves would be sufficient to cause water quality standards violations.  This provision must also be deleted, and would not be approvable if adopted as part of a water quality standards change pursuant to Section 303 (c).  The same issue arose in the State of Arizona’s development of a Section 303(d) assessment methodology, and following discussion of the issue with EPA, the State decided not to apply this provision because they agreed that it is inconsistent with Arizona’s water quality standards, that do contain a natural sources exclusion.



The policy proposes the application of a reference watershed approach to assessing bacterial standards exceedances, similar to the approach adopted for Santa Monica Bay.  We note that in the case of Santa Monica Bay, the State properly adopted the reference watershed approach as a water quality standards modification; this was subsequently approved by EPA pursuant to Section 303(c).  These provisions should also be deleted until the State decides to adopt reference watershed approaches to bacterial standards implementation.



Listing of Threatened Waters



The proposed policy provides no clear provisions for assessing and listing threatened waters.  Pursuant to the requirements of 40 CFR 130.7, as interpreted in our 1997 and 2003 guidance documents, EPA expects each state to describe how it will assess whether waters which currently attain standards will likely fall out of attainment during the next listing cycle.  The proposed policy makes reference to the use of certain types of data for trend analysis purposes, but does not actually describe how or if such data analysis will lead to listings of threatened waters.  We expect the listing policy to clearly show how the requirement to list threatened waters was addressed.  We are concerned by the proposed requirement that evidence of current beneficial use impairment be available to support a threatened waters designation because that requirement appears to conflict with federal regulations.  This provision requiring evidence of current effects to support threatened waters designations should be deleted.



De-listing Provisions



For de-listing waters from the 303(d) list, the proposed policy appears to utilize the same statistical approach and underlying assumptions (fewer than 10% exceedances with 90% confidence level) as described in the listing methodology.  We support the State’s decision to apply a different null hypothesis in assessing potential delisting decisions (see Lin, et al ., 2000).  The same concerns expressed above about the proper use of binomial statistical methods, issues of data characteristics, and proper interpretation of water quality standards also apply to the use of the proposed process for delisting waters.



Scheduling Considerations



The draft policy briefly discusses the State’s proposed process for prioritizing and scheduling TMDLs.  We concur with the policy that high priority TMDLs will be developed within two years; however the description of medium priority and low priority designations and associated schedule implications should be clarified.  EPA’s 1997 policy indicates that states are expected to schedule TMDLs for completion within approximately 8-13 years of their initial listing dates, or the 1998 listing date, whichever is later (EPA, 1997b).  



The State should describe more clearly the process for making individual priority ranking decisions.  Some of the more pertinent factors might be:  degree of threat to human health, aquatic life or wildlife, timeframe for NPDES permit revisions, unique water bodies, presence of threatened and endangered species, significant public interest and support of TMDL, important recreation and economic significance of water body, number of water quality standards exceendances per water body or number of unmet designated beneficial uses.  We recommend that the State Board review Arizona’s priority ranking process as an example of a much clearer and rigorous priority ranking and scheduling methodology.  Upon request we would be happy to discuss other more rigorous priority ranking methods.
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� These comments are on behalf of the Caucus generally and on behalf of each listed group individually. The comments have been prepared by these organizations and by consultants to these organizations.  



� Houck, Oliver A., The Clean Water Act TMDL Program 49 (Envtl. Law Inst. 1999).  



� See 33 U.S.C. § 1313(d)� TA \l "33 U.S.C. Section 1313(d)" \s "33 U.S.C. Section 1313(d)" \c 2 �.  



� New Policies for Establishing and Implementing Total Maximum Daily Loads (TMDLs), Memorandum from Robert Perciasepe, Assistant Administrator for Water, U.S. EPA, to Regional Administrators and Regional Water Division Administrators, U.S. EPA (August 8, 1997).



� Alaska Center for Environment v. Browner, 20 F.3d 981, 983 (9th Cir. 1994).  



� 33 U.S.C. § 1313(d� TA \s "33 U.S.C. § 1313(d" �)(1) and (2); see  also 40 C.F.R. § 130.7(b)(1).  



� Id.



� 33 U.S.C. § 1313(d� TA \s "33 U.S.C. § 1313(d" �)(1)(C).  



� 40 C.F.R. §§ 130.2(g)-(i)� TA \l "40 C.F.R. § 130.2(g)-(i)" \s "40 C.F.R. § 130.2(g)-(i)" \c 6 �.  The TMDLs must be set “at a level necessary to implement the applicable water quality standards with seasonal variations and a margin of safety which takes into account any lack of knowledge concerning the relationship between effluent limitations and water quality.”  33 U.S.C.A. §1313(d)(1)(c).  



� In Tosco, the Board stated that it “agrees with Tosco, WSPA, and other petitioners, that a 303(d)-listing alone is not a sufficient basis on which to conclude that a water necessarily lacks assimilative capacity for an impairing pollutant.  The listing itself is only suggestive; it is not determinative.” (Tosco at 20.)  The Board further stated that it “concludes that the alternative final limits findings [in a permit based on the fact of a water’s inclusion on the 303(d) list] are inappropriate for several reasons.”  (Id. at 22.) 



� See Bureau of Alcohol, Tobacco and Firearms v. Federal Labor Relations Authority, 464 U.S. 89, 97 (1983).  



� See Brower, 257 F.3d at 1065.  



� Houck, supra n. 1.	



� See 33 U.S.C. §1313(d).



� See Brower, 257 F.3d at 1065.  



� Nichols-Dezenhall, Precautionary Principle Campaign Proposal (November 2003)



� Katie Silberman, The Precautionary Principle: Answers to Frequently Asked Questions, Center for Environmental Health (May 28, 2003).



� See 33 U.S.C. § 1313(d)(1)(A).



� NRC Report at 4.



� Center for Progressive Regulation, Perspectives Series: The Precautionary Principle, available at http://www.progressiveregulation.org/perspectives/precaution.cfm.



� Id.



� Section 6.2.5.5 references placement of water bodies on a “planning list.”  Since this is not referenced elsewhere in the Draft Policy of FED, we assume it is a typo and should be edited out.



� FED at 43.



� Id. at 44.



�  The State Board has even gone so far as to propose to place a water body on an Enforceable Program List where a discharger submits a letter to the State Board discussing its individual clean up efforts (e.g., Chevron/Texaco for Castro Cove).  This hardly qualifies as an enforcement program, and in any event, plainly unlawfully expands the scope of the express language of section 303(d), as discussed above.



� See In the Matter of the Petitions of Building Industry Assoc. of San Diego County and Western States Petroleum Assoc., Water Quality Order 2001-15 (November 15, 2001).  



� FED at 43.



� See Owasso Indep. Sch. Distr. No. I-011 v. Falvo, 534 U.S. 426 (2002) (“It is a fundamental canon of statutory construction that the words of a statute must be read in their context and with a view to their place in the overall statutory scheme”).



� U.S. EPA, “Guidance for 2004 Assessment, Listing and Reporting Requirements Pursuant to Sections 303(d) and 305(b) of the Clean Water Act” (July 21, 2003) (“2004 Integrated Guidance”).



� 2004 Integrated Guidance at 5.  



� Id.  



� Id.  



� FED at 44.



� See e.g., Scott v. Hammond, 741 F.2d 992 (1984).  



� Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24, 2003) (found in Appendix III).



� Pronsolino v. Nastri, 291 F.3d 1123, 1138 (9th Cir. 2002).



� Id. (“Water quality standards reflect a state's designated uses for a water body and do not depend in any way upon the source of pollution.”  at 1137; “Thus, 303(d) is structurally part of a set of provisions governing an interrelated goal-setting, information-gathering, and planning process that, unlike many other aspects of the CWA, applies without regard to the source of pollution.” at  1138).



� National Research Council, “Assessing the TMDL Approach to Water Quality Management,” p. 4 (Nat’l Academy Press, Wash. D.C., 2001), http://books.nap.edu/html/tmdl/ (NRC Report) (emphasis added).



� Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24, 2003) (found in Appendix III).



� NRC Report at 4 (emphasis added).



� Id.



� Similar language runs throughout the Policy, including in Section 6.2.3.



� 2004 Integrated Guidance at 10.



�Identification of pollutants causing toxicity can be complicated by several factors.  Low levels of multiple pollutants can act synergistically to cause toxicity.  Most of the water bodies in California receive inputs of multiple toxic pollutants.  Often, comparison of chemical concentrations to water column criteria or sediment quality guidelines may not indicate exceedances, yet the chemicals are collectively contributing to overall toxicity.  Toxicity identification can be also be significantly limited by the routinely-used toxicity identification techniques.  For example, current TIE methods differentiate the cause of toxicity by categories of pollutants (e.g., metals, semi-volatiles, etc.) and not by specific pollutants, and cannot identify pollutants that are causing toxicity at concentrations below routine laboratory detection methods (e.g., PAHs, one of the most toxic and ubiquitous class of pollutants, cause toxicity at levels well below routinely-used laboratory methods.)     



� 2004 Integrated Guidance at 2-3.



� E.g. “At this time, USEPA believes that invasive species should not be included within the definition of ‘pollutant,’ as defined by the CWA, and, therefore, waters impacted by them should not be included on the section 303(d) list.”  FED at 89.



� FED at 90.



� U.S. PIRG v. Atlantic Salmon of Maine (U.S. Dist. Ct. Maine, Aug. 2001), http://www.med.uscourts.gov/Site/opinions/kravchuk/2001/MJK_08282001_1-00cv150_USPIRG_v_Heritage.pdf , citing United States v. Hamel, 551 F.2d 107 (6th Cir. 1977).



� Id., citing Sierra Club, Lone Star Chapter v. Cedar Point Oil Co., 73 F.3d 546, 566-568 (5th Cir. 1996), cert. denied, 519 U.S. 811 (1996).



� 64 Fed. Reg. at 46017 (August 23, 1999).    



� U.S. EPA, Draft Report, “Aquatic Nuisance Species in Ballast Water Discharges:  Issues and Options,” p. 32 (September 10, 2001).  



� Some individuals have mistakenly referred to Asso. To Protect Hammersley v. Taylor Resources (9th Cir., Aug. 2002) as support for the conclusion that Section 502(6) cannot include invasive species.  However, this case, which addressed releases from caged mussels, only addressed the situation in which the discharges did not harm the waters at issue.  In particular, the court stated that it “need not decide whether the addition of biological materials to the water in concentrations significantly higher than natural concentrations could support a conclusion that such biological materials are ‘pollutant[s]’ under the Act . . . .”   Id. at fn. 9.  By definition, the invasive species proposed here for listing exist at higher than natural concentrations.  



� See http://oaspub.epa.gov/waters/national_rept.control#TDOC.



� Id.



� California Regional Water Quality Control Board, San Francisco Bay Region, “Prevention of Exotic Species Introductions to the San Francisco Bay Estuary:  A Total Maximum Daily Load Report to U.S. EPA,” pp. 1, 7-8 (May 8, 2000) (“TMDL Report”), www.swrcb.ca.gov/rwqcb2/download/Tmdl.pdf.



� 43 Fed. Reg. 60662 (Dec. 28, 1978).



� 40 C.F.R.§ 130.7(b)(5).



� 40 C.F.R.§ 130.7(b)(5)(iii).



� 2004 Integrated Guidance at 23-24.



� Id. at 25.



� Id. at 26.



� Id. at 27.  EPA refers the reader to Section D.6, page 47 last paragraph through page 50 of CALM for further discussion of this point.



� Letter from Alexis Strauss, U.S. EPA Region IX to Celeste Cantu, SWRCB (July 25, 2003).



� Draft Policy, Sections 3.1 and 6.2.5.2.



� EPA makes this statement when adding back Humboldt Bay, San Antonio Creek, Bolsa Chica, Anaheim Bay and Huntington Harbor, all of which had a relatively low number of samples but which had a very high percentage of those samples exceeding standards.  EPA states that this action was consistent with 1997 and 2002 EPA technical guidance documents that recommend listing where toxics standards are exceeded more than once in any three year period.



� Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24, 2003) (found in Appendix III).



� FED at 201.



� Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24, 2003) (found in Appendix III).



� Id.



� See, e.g., Gaytan v. Workers’ Compensation Appeals Board, 134 Cal.Rptr.2d 516, 529-530 (2003) (discussing party’s opportunity to present evidence and have it considered); McBail & Co. v. Solano County Local Agency Formation Comm., 72 Cal .Rptr.2d 923, 926-28 (1998) (discussing agencies’ obligation to adequately consider “all relevant factors”, and disapproving agency’s effort to require a party to make a factual showing beyond that required by statute); Mohilef v. Janovici, 58 Cal.Rptr.2d 721, 736 (1996) (“it is well established that a ‘presentation to an administrative agency may properly include evidence that would not be admissible in a court of law’”); Desmond v. County of Contra Costa, 25 Cal.Rptr. 840, 846-847 (1993) (approving use of non-expert opinion testimony in agency proceeding); County of San Diego v. Assessment Appeal Board, 195 Cal.Rptr. 895, 900-901 (1983) (setting aside Board’s decision because “it chose to disregard competent evidence”; Calif. Hotel and Motel Assn., 157 Cal.Rptr. 840 (1979) (discussing public participation objectives of California’s Administrative Procedures Act); see also California Optometric Assn. 131 Cal.Rptr. 744 (1976) and Carmel Valley View, Ltd., 130 Cal.Rptr. 249 (1976).



� See, e.g., Mann v. Dept. of Motor Vehicles, 90 Cal.Rptr. 2d 277, 282-283 (1999) (“Evidence Code section 115 provides in part that ‘[e]xcept as otherwise provided by law, the burden of proof requires proof by a preponderance of the evidence.”, rejecting argument that department “had the burden of producing ‘clear and convincing [proof] to a reasonable certainty” in administrative proceeding); San Benito Foods v. Veneman, 58 Cal.Rptr.2d 571 (1996) (rejecting argument that agency’s hearing officer was required to apply a “clear and convincing evidence” standard of proof in administrative proceeding); In the Matter of Permits 19259 and 19260, State Water Resources Control Board, 1987 WL 54550 (1987) (“Permittee asserts that the standard of proof in this case should be that of clear and convincing proof to a reasonable certainty.”  “Generally, the proper standard of proof in cases where no fundamental vested right is involved is the preponderance of the evidence standard….We conclude that changes in water right permits likewise are subject to the preponderance standard and substantial evidence review.”); Rosas v. Workers’ Compensation Appeals Board, 20 Cal.Rptr.2d 778, 783-87 (1993) (the burden of proof in a workers’ compensation proceeding “manifestly does not require the applicant to prove causation by scientific certainty”); and Western Oil and Gas Asso. V. Air Resources Board, 208 Cal.Rptr. 850, 858 (1984) (“The Board therefore should not be required to wait until substantial adverse effects are scientifically verified before adopting appropriate standards.”



� Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24, 2003) (found in Appendix III).



� Boehm, A.B., Kim., J.H., Mowbray, S.L., McGee, C.D., Clark, C.D., Foley, D.M., Wellman, D.E., Grant, S.B., 2002, “Decadal and shorter period variability of surf zone water quality at Huntington Beach, CA,” Environmental Science and Technology, 36 (18): 3885-3892.







� Robert R. Sokal and F. James Rohlf, Biometry: The Principles and Practice of Statistics in Biological Research (1995) at 162.



� M. Jeya Chandra, Statistical quality control (CRC Press, 2001) at section 6.2.



� FED at 141.



� Samantha Bates, et al., “Bayesian Uncertainty Assessment in Deterministic Models for Environmental Risk Assessment,” NRCSE Technical Report Series No. 058 (November 13, 2000) at 2 (“In addition to this uncertainty, there may be variability, natural heterogeneity in the population of interest or across space and time.”).



� FED at 201.



� See, e.g., Max Puckett, Quality Assurance Management Plan for the State of California's Surface Water Ambient Monitoring Program ("SWAMP"), California Department of Fish and Game, Monterey, CA (2002), available at http://www.swrcb.ca.gov/swamp/docs/swamp_qapp.pdf.



� See Sokal and Rohlf, supra, at 157-169.



� 2004 Integrated Guidance at 30.



� Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24, 2003) (found in Appendix III).



� Id.



� Id.



� See Sokal and Rohlf at 159.



� 2004 Integrated Guidance at 28.



� 2004 Integrated Guidance at 28.



� Id.  at 28.



� Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24, 2003) (found in Appendix III).



� Letter from Alexis Strauss, U.S. EPA Region IX to Celeste Cantu, SWRCB (July 25, 2003).



� Policy  §§ 3.1.1 through -3.1.11 and §§ 4.1through 4.10, including the Alternate Data Evaluation procedures set forth in section 3.1.11 and 4.10.



�  33 U.S.C. § 1313(d� TA \s "33 U.S.C. § 1313(d" �); 40 C.F.R. § 130.7(b)(1), 130.10. 



� 40 C.F.R. 131.38 § (c) (2) (iii).



� 33 U.S.C. §1313(c)(2)(A). 



� 40 C.F.R. 131.38 § (c) (2) (v).



� Id.



� This 10% rate is then tested using the binomial model with a 90% confidence interval.  In all cases this mechanism worsens the problem by requiring an even larger number of sample exceedances in order to demonstrate the water body should be placed on the list.  See Draft Policy Tables 3.1 and 4.1. 



� FED at 143.  In other sections we demonstrate that the Policy actually addresses “variability, uncertainty, and the potential for error” in an incredibly biased manner.  The Policy intentionally increases the error of not listing polluted waterways in order to reduce the chance of wrongly listing an unimpaired waterway.







� FED at 143.



� 33 U.S.C. 1313(c)(2) and 40 C.F.R. § 130.9(a)(3), 131.5, 131.21(c)(2)(e).  



� 40 C.F.R. § 131.20.



� 40 C.F.R. §§ 131.6(c), 130.3, 131.2.



� 40 C.F.R. § 131.6.  



� Florida Public Interest Research Group Citizen Lobbing, Inc., et al., v. U.S. EPA et al. 4:02vc408-WS (2003, N. D. Fla.) Order Granting Defendants’ Motion for Summary Judgment.



� FED at 143-144.



� In addition, we believe the Florida case was wrongly decided.



� Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24, 2003) (found in Appendix III).



� The State Water Resources Control Board has construed California’s antidegradation policy, which is embodied in SWRCB Resolution 68-16, to incorporate the federal antidegradation policy embodied in 40 C.F.R. § 131.12 wherever that policy applies (i.e. to waters of the United States).  See In re Rimmon C. Fay, SWRCB WQO 86-17 at 17-18 (Nov. 20, 1986); see also Memorandum from William Attwater, SWRCB Chief Counsel, to Regional Board Executive Officers 2 (Oct. 7, 1987).  



� See �TA \s "Friends of Westwood, Inc. v. City of Los Angeles, s" \c 2 \l "Friends of Westwood, Inc. v. City of Los Angeles supra, 191 Cal. App.3d at 267"�Friends of Westwood, Inc. v. City of Los Angeles, 191 Cal. App.3d at 267, 269-270.



�  Pub. Res. Code �TA \s "21100(a)" \c 1 \l " 21100(a)"�§ 21100(a); �TA \s "Bozung v. Local Agency Formation Com. (1975) 13 Cal." \c 2 \l "Bozung v. Local Agency Formation Com. (1975) 13 Cal. 3d 263"�Bozung v. Local Agency Formation Com. (1975) 13 Cal. 3d 263, 277-279.  CEQA defines a “significant effect” as a "substantial, or potentially substantial, adverse change�." Pub. Res. Code, § �TA \s "21068" \c 0�21068.  This means that an activity has a significant effect if it "has the potential to degrade the quality of the environment." See also 14 Cal. Code Reg. § �TA \s "15382" \c 0�15382; �TA \s "Santa Monica Chamber of Commerce v. City of Santa Mon" \c 2 \l "Santa Monica Chamber of Commerce v. City of Santa Monica (2002) 101 Cal. App. 4th 786"�Santa Monica Chamber of Commerce v. City of Santa Monica (2002) 101 Cal. App. 4th 786, 795; �TA \s "Azusa Land Reclamation Co. v. Main San Gabriel Basin " \c 0�Azusa Land Reclamation Co. v. Main San Gabriel Basin Watermaster, supra,  52 Cal. App.4�th at 1192.  (Citing Pub. Res. Code § 21083.) (emphasis added.)



� Pub. Res. Code § �TA \s "21080.5(a)" \c 1 \l " 21080.5(a)"�21080.5(a); �TA \s "Sierra Club v. State Board of Forestry, supra, 7th C" \c 0�Sierra Club v. State Bd. of Forestry, supra, 7 Cal. 4th at 1229-1230;  �TA \s "Citizens for Non-Toxic Pest Control v. Department of " \c 2 \l "Citizens for Non-Toxic Pest Control v. Department of Food & Agriculture (1986) 187 Cal. App. 3d 1575"�Citizens for Non-Toxic Pest Control v. Department of Food & Agriculture (1986) 187 Cal. App. 3d 1575, 1584.



� 14 Cal. Code Reg. § 15251(g)�TA \s "15251(i)" \c 0�.



�  See �TA \s "21080.5(c)" \c 1 \l " 21080.5(c)"�§ 21080.5(c)�TA \s "21080.5(c)" \c 1� (Certified regulatory programs exempt from the provisions of Chapter 3 (commencing with section �TA \s "21100" \c 1 \l " 21100"�21100) and Chapter 4 (commencing with section �TA \s "21150" \c 1 \l " 21150"�21150) and with the timetable section for judicial review (section �TA \s "21167" \c 1 \l " 21167"�21167.)  Mountain Lion Foundation v. Fish & Game Commission   16 Cal. 4th 105, 114 (1997); �TA \s "Sierra Club v. State Board of Forestry, supra, 7th C" \c 0�Sierra Club v. State Board of Forestry 7 Cal. 4th at 1228, 1230,1231.



 �  Sierra Club; �TA \s "Ultramar, Inc. v. South Coast Air Quality" \c 2 \l "Ultramar, Inc. v. South Coast Air Quality Manage�ment District (1993) 17 Cal.App.�4th 689"�Ultramar, Inc. v. South Coast Air Quality Manage�ment District (1993) 17 Cal.App.�4th 689, 699; �TA \s "EPIC" \c 2 \l "EPIC v.  Johnson (1985) 170 Cal.App.3d 604"�EPIC v.  Johnson 170 Cal.App.3d  at 609-611.  Accord �TA \s "Schoen v. CDF " \c 0�Schoen v. CDF, supra, 58 Cal. App. at 565-567; �TA \s "]" \c 3 \l "Friends of Old Trees v. CDF (1997) 52 Cal. App. 4th 1383"��TA \s "Friends of Old Trees " \c 0��TA \s "Friends of Old Trees " \c 0�Friends of Old Trees v. CDF, supra, 52 Cal. App. 4th at 1394. �TA \s "Laupheimer " \c 2 \l "Laupheimer v. State of California (1988) 200 Cal.App.3d 440"�Laupheimer v. State of California (1988) 200 Cal.App.3d 440, 462; �TA \s "Gallegos" \c 2 \l "Gallegos v. State Bd. of Forestry (1978) 76 Cal.App.3d 945"�Gallegos v. State Bd. of Forestry, supra, 76 Cal. App.3d at 952; �TA \s "Natural Resources Defense Council, Inc. v. Arcata Nat" \c 2 \l "Natural Resources Defense Council, Inc. v. Arcata Nat'l. Corp. (1976) 59 Cal.App.3d 959"�Natural Resources Defense Council, Inc. v. Arcata Nat'l. Corp. (1976) 59 Cal.App.3d 959, 963, 969.



� EPIC v. Johnson, supra, 170 Cal. App. 3d at 625



� Id. at 622; �TA \s "Dunn-Edwards Corp. v. Southcoast Air Quality Manageme" \c 2 \l "Dunn-Edwards Corp. v. Southcoast Air Quality Management District(1993) 19 Cal. App. 4th 519"�Dunn-Edwards Corp. v. Southcoast Air Quality Management District (1993) 19 Cal. App. 4th 519, 534; Pub. Res. Code § �TA \s "21080.5(d)(2)(D)" \c 0�21080.5(d)(2)(D).



� Friends of Old Trees v. Dept. of Forestry and Fire Protection, supra,  52 Cal. App. 4th at 1404-1405.  See also §§ �TA \s "21080.5(d)(3.)" \c 0�21080.5(d)(3), �TA \s "21080.5(d)(2)(A)" \c 0�21080.5(d)(2)((A)



� Laurel Heights 47 Cal.3d at  390; �TA \s "Friends of Mammoth " \c 0��TA \s "Friends of Mammoth " \c 0�Friends of Mammoth v. Board of Supervi�sors (1972) 8 Cal.3d 247, 259.



� Sierra Club, 7 Cal. 4th at 1229; �TA \s "EPIC v. Johnson (1985) 170 Cal.App.3d 604" \c 0�EPIC  v. Johnson, 170 Cal.App.3d at 609�11.  See also Pub. Res. Code § �TA \s "21080.5(d)(3)(i)-(ii)" \c 0�21080.5(d)(3)(i)-(ii) (written documentation for a certified regulatory program shall include a description of activity, alternatives, and mitigation measures to minimize significant environmental impacts, and shall be available for a reasonable time for review and comment by the general public.)



� 2002 303d List



� FED at 148



� FED at 149.



� Id.



� FED at 172.



� FED at 152, Table 12 (“high Type II error (n<20).



� FED at 153, and see FED at 162, Figure 15.



� FED at 166.  



� FED at 181-183.



� San Joaquin Raptor v. County of Stanislaus 27 Cal. App. 4th  at 722-723.



�  27 Cal. App. 4th at 722-223.



�  CEQA Guidelines �TA \s "§ 15125" \c 0�§ �TA \s "§ 15125" \c 0�15125 provides:  “An EIR must include a description of the environment in the vicinity of the project, as it exists before the commencement of the project, from both a local and regional perspec�tive. The description shall be no longer than is necessary to an understanding of the significant effects of the proposed project and its alternatives. 



(a) Knowledge of the regional setting is critical to the assessment of environmental im�pacts. Special emphasis should be placed on environmental resources that are rare or unique to that region and would be affected by the project.”



� Id. at 722-723.



� Id.  



� 103 Cal. App. 4th _____.



� Communities for a Better Environment v. California Resources Agency103 Cal. App. 4th at 117 (proposed guidelines “would turn cumulative impact analysis on its head by diminishing the need to do a cumulative impact analysis as the cumulative impact problem worsens.”)



� FED at 6-30.  



� See, e.g., USGS, “The Quality of Our Nation’s Waters, Nutrients and Pesticides,” Circular 1225 (1999); Samuel H. Wilson, M.D., William A. Suk, Ph.D., M.P.H.; “Biomarkers of Environmentally Associated Disease, Technologies, Concepts, and Perspectives,” Lewis Publishers, CRC Press LLC, 2002; David O. Carpenter, Kathleen Arcaro, and David C. Spink: “Understanding the Human Health Effects of Chemical Mixtures,” Environmental Health Perspectives 110(suppl 1):25-42 (2002);  Ted Schettler, M.D., Gina Solomon, M.D., Maria Valenti, and Annette Huddle; Generations at Risk, Reproductive Health and the Environment, MIT Press, 1999;  Michael C., Newman and Michael A. Unger; Fundamentals of Ecotoxicology, Lewis Publishers, CRC Press, 2003;  Jones-Lee & Lee, “Organophosphate Pesticides as Pollutants of Urban Lakes, Streams Creeks” (1999);  Reigart & Roberts, “Recognition and Managment of Pesticide Poisonings," Fifth Edition, (1999);  Heavner (CALPIRG), “Toxics on Tap:  Pesticides in California Drinking Water Sources” (1999); Kathryn R. Mahaffey, Ph.D., “Meythylmercury: Epidemiology Update,” USEPA, Presentation to Fish Forum in San Diego (2004);  USFDA, “Draft Advice For Women Who Are Pregnant, Or Who Might Become Pregnant, and Nursing Mothers, About Avoiding Harm To Your Baby Or Young Child From Mercury in Fish and Shellfish” (Dec. 10, 2003);  Subcommittee on Nitrate and Nitrite in Drinking Water, Committee on Toxicology, National Research Council, “Nitrate and Nitrite in Drinking Water” (1995).



� 14 Cal. Code Reg. § 15065(c). See also �TA \s "Communities For a Better Environment v. California Re" \c 2 \l "Communities For a Better Environment v. California Resources Agency (2002) 103 Cal. App. 4th 98"�Communities For a Better Environment v. California Resources Agency (2002) 103 Cal. App. 4th 98, 114 ("environmental damage often occurs incrementally from a variety of small sources.") �TA \s "Kings County Farm Bureau v. City of Hanford (1990) 2" \c 0�Kings County Farm Bureau, supra, 221 Cal.App.3d at 720�721.



� Pub. Res. Code § 21081(d); 14 Cal. Code Reg. § �TA \s "15093" \c 1 \l "CEQA Guidelines 15093."�15093.



� Sierra Club, supra, 7 Cal.4th at 1229 (...the board retains the power to approve a plan that has significant adverse effects upon the environment, so long as it justifies its action in light of “specific economic, social, or other conditions”; �TA \s "21002" \c 1�Pub. Res. Code § 21002.)



� Id. at 1233.



� FED at 148.



� NRC Report at 4.



� Id. at 10.



� “For sample populations less than 20, when 5 or more samples exceed the water quality objective, the segment shall be listed.”



� Sources are as follows:  Regional Board Contract Laboratory Cost (2003) for Conventional Water Quality Analytes, Water Chemistry (chemicals and metals), and Toxicity Testing; and SWAMP Master Contract price list (Oct 2003) for Sediment Chemistry (chemicals and metals), Bioaccumulation in fish (chemicals and metals) and Rapid Bioassessment.



� See Lin, et al, “A Nonparametric Procedure for Listing and Delisting Impaired Waters Based on Criterion Exceedances,” Prepared for Florida Department of Environmental Protection (Oct. 2000).



� Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24, 2003).



� FED at 218.



� Id.



� Chamberlain v. Ventura County Civil Service Com., 69 Cal.App.3d 362, 368 (1977); see also 2 McCormick on Evidence (4th ed. 1992) Burdens of Proof and Presumptions, § 339.



� In re Michael G., 63 Cal.App.4th 700, 709 fn. 6 (1998).







� Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24, 2003) (found in Appendix III).



� FED at __.



� Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24, 2003) (found in Appendix III).



� Moreover, because Clean Water Act Section 303(d)(3) requires all waters to have at least estimated TMDLs in any event, the potential for harm for accidental listing of “clean” waters is minimal to none.



� As noted above, EPA recommended criteria development approaches based on at least 95% compliance rate for conventional pollutants, rather than the proposed 90%.  Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24, 2003) (found in Appendix III).



� See 2004 Integrated Guidance; U.S. EPA 2001 CALM Guidance; Smith et al, “Statistical Assessment of Violations of Water Quality Standards under Section 303(d) of the Clean Water Act,” Environmental Science and Technology, Vol. 35, No. 3, pp. 606-612 (2001).



� Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24, 2003) (found in Appendix III); see also 2004 Integrated Guidance at 30 (“[u]se of the 10% rule when performing attainment determinations regarding effects of toxics is not appropriate unless the State’s WQS regulations or WQS guidance specifically authorizes use of this rule for such pollutants”).



� Letter from Alexis Strauss, U.S. EPA Region IX to Celeste Cantu, SWRCB (July 25, 2003).



� Virginia Department of Environmental Quality, “Water Quality Assessment Guidance Manual for 2004” (November 3, 2003) (Virginia Policy) at 17.



� Long, E.R., et.al.,1995, “Incidence of Adverse Biological Effects Within Ranges of Chemical Concentrations in Marine and Estuarine Sediments,” Environmental Management, Vol. 19, No. 1, pp. 81-97.



� FED at 110.



� Id. 



� Los Angeles Regional Water Quality Control Board, Santa Monica Bay Beaches Bacteria Total Maximum Daily Load, Resolution 02-004, January 24, 2002.



� Heal the Bay’s 12th Annual Beach Report Card, http://www.healthebay.org/brc/annual/default.asp.



� See Heal the Bay’s 10th, 11th, 12th, and 13th Annual Beach Report Cards at http://www.healthebay.org/brc/annual/default.asp.  No exceedances of the health standards were observed all beaches that received an A+. 



� Noble, Rachel T., Dorsey, J., Leecaster, M., Mazur, M., McGee, C., Moore, D., Victoria, O., Reid, D., Schiff, K., Vainik P., Weisberg, S. 1999. � HYPERLINK "ftp://www.sccwrp.org/pub/download/PDFs/summicrob.pdf" �Southern California Bight 1998 Regional Monitoring Program, Vol I: Summer Shoreline Microbiology.� Southern California Coastal Water Research Project, Westminster, CA.



� Alamillo, Heal the Bay, 2002 unpublished data.



� U.S. EPA, 1997, “Guidelines for Preparation of the Comprehensive State Water Quality Assessments and Electronic Updates.”



� U.S. EPA, 2002a, “Implementation Guidance for Ambient Water Quality Criteria for Bacteria,” Office of Water, Washington D.C., EPA-823-B-02-003; and U.S. EPA, 2002b, “National Beach Guidance and Required Performance Criteria for Grants,” Office of Water, Washington D.C., EPA-823-B-02-004.



� Cabelli, V.J., 1983  “Health-effects criteria for marine recreational waters.”  Research Triangle Park, U.S. EPA, EPA-600/1-80-031.



� State Water Resources Control Board, “Ocean Plan Informational Document 12-03” (2003).



� See Heal the Bay’s 10th, 11th, 12th, and 13th Annual Beach Report Cards at http://www.healthebay.org/brc/annual/default.asp.  



� Dodds, W.K. 2003. “Misuse of inorganic N and soluble reactive P concentrations to indicate nutrient status of surface waters.”  J. N. Am. Benthol. Soc. 22(2):171-181.



� Busse, L. et al. 2003. “A survey of algae and nutrients in the Malibu Creek watershed. Southern California,” Coastal Water Research Project Technical Report #412.



� Luce, S., 2003, “Urbanization and Aquatic Ecosystem Health in Malibu Creek, California:  Impacts on Periphyton, Benthic Macroinvertebrates, and Environmental Policy,” UCLA dissertation, Environmental Science and Engineering, School of Public Health.



� FED at 83.



� FED at 100-101.  



� FED at 100.



� For example, see Davis and Simon, 1994, Biological Assessment and Criteria Tools for Water Resources Planning and Decision Making, Lewis Publishers; Schmitt and Osenberg, 1996, Detecting Ecological Impacts, Concepts and Applicatons in Coastal Habitats, Academic Press; and Quinn and Keough, 2002, Experimental Design and Data Analysis for Biologists, Cambridge University Press. 



� Harrington, J. , Born, M. 1999. Measuring the health of California stream and rivers: A methods manual for water resource professionals, citizen monitors, and natural resources students, 2nd Edition. Sustainable Land Stewardship Institute, Box 161585, Sacramento CA 95816.







�  FED at Issue 3, chosen alternative 1, page 45.



� Appendix at 3.1.11.



� FED at 91, et seq.



� FED at 46.



� Legislative Analyst’s Office, “Supplemental Report of the 2001 Budget Act - 2001-02 Fiscal Year” (July 30, 2001) (“The [303(d) listing] policy shall include a ‘weight of evidence’ approach . . ..”) (see Appendix IV).



� FED at 65.



� Appendix section 3.1.11.



� FED at 69 –70.



� FED at 68 (emphasis added).



� FED at 104.



� FED at 105.



� FED at 46.



� FED at 70.



� Id.



� Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24, 2003) (found in Appendix III).



� As discussed herein, interpretations of narrative objectives should not be restricted to use of numeric guidelines.  Other scientifically defensible approaches including reference system-based methods should be allowed. 



� Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24, 2003).



� 2004 Integrated Guidance at 8.



� Letter from David Smith and Peter Kozelka, U.S. EPA Region IX to Craig J. Wilson, SWRCB (June 24, 2003) (found in Appendix III).



� Id.



� EPA currently recommends a 0.05 exceedence rate for conventional pollutants.  [cite.]



� Milton Abramowitz and Irene A. Stegun, Handbook of Mathematical Functions (1972) at 258, 263.



� See Abramowitz and Stegun at 258.



� Id. at 255.



� http://www.lao.ca.gov/2001/supp_report/073001_supp_rpt.htm.
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      Consumer Factsheet 
      on: NITRATES/NITRITES 



      List of 
      Contaminants



      As part of the Drinking Water and Health pages, this fact 
      sheet is part of a larger publication:
National Primary 
      Drinking Water Regulations



      This is a factsheet about a chemical that may be found in some public 
      or private drinking water supplies. It may cause health problems if found 
      in amounts greater than the health standard set by the United States 
      Environmental Protection Agency (EPA).



      What are Nitrates/Nitrites and how are they used?



      Nitrates and nitrites are nitrogen-oxygen chemical units which combines 
      with various organic and inorganic compounds. Once taken into the body, 
      nitrates are converted into nitrites. The greatest use of nitrates is as a 
      fertilizer.



      Why are Nitrates/Nitrites being regulated?



      In 1974, Congress passed the Safe Drinking Water Act. This law requires 
      EPA to determine safe levels of chemicals in drinking water which do or 
      may cause health problems. These non-enforceable levels, based solely on 
      possible health risks and exposure, are called Maximum Contaminant Level 
      Goals.



      The MCLG for nitrates has been set at 10 parts per million (ppm), and 
      for nitrites at 1 ppm, because EPA believes this level of protection would 
      not cause any of the potential health problems described below.



      Based on this MCLG, EPA has set an enforceable standard called a 
      Maximum Contaminant Level (MCL). MCLs are set as close to the MCLGs as 
      possible, considering the ability of public water systems to detect and 
      remove contaminants using suitable treatment technologies.



      The MCL for nitrates has been set at 10 ppm, and for nitrites at 1 ppm, 
      because EPA believes, given present technology and resources, this is the 
      lowest level to which water systems can reasonably be required to remove 
      this contaminant should it occur in drinking water.



      These drinking water standards and the regulations for ensuring these 
      standards are met, are called National Primary Drinking Water Regulations. 
      All public water supplies must abide by these regulations.



      What are the health effects?



      Short-term: Excessive levels of nitrate in drinking water have caused 
      serious illness and sometimes death. The serious illness in infants is due 
      to the conversion of nitrate to nitrite by the body, which can interfere 
      with the oxygen-carrying capacity of the childs blood. This can be an 
      acute condition in which health deteriorates rapidly over a period of 
      days. Symptoms include shortness of breath and blueness of the skin.



      Long-term: Nitrates and nitrites have the potential to cause the 
      following effects from a lifetime exposure at levels above the MCL: 
      diuresis, increased starchy deposits and hemorrhaging of the spleen.



      How much Nitrates/Nitrites are produced and released to the 
      environment?



      Most nitrogenous materials in natural waters tend to be converted to 
      nitrate, so all sources of combined nitrogen, particularly organic 
      nitrogen and ammonia, should be considered as potential nitrate sources. 
      Primary sources of organic nitrates include human sewage and livestock 
      manure, especially from feedlots.



      The primary inorganic nitrates which may contaminate drinking water are 
      potassium nitrate and ammonium nitrate both of which are widely used as 
      fertilizers.



      According to the Toxics Release Inventory, releases to water and land 
      totaled over 112 million pounds from 1991 through 1993. The largest 
      releases of inorganic nitrates occurred in Georgia and California.



      What happens to Nitrates/Nitrites when they are released to the 
      environment?



      Since they are very soluble and do not bind to soils, nitrates have a 
      high potential to migrate to ground water. Because they do not evaporate, 
      nitrates/nitrites are likely to remain in water until consumed by plants 
      or other organisms.



      How will Nitrates/Nitrites be detected in and removed from my drinking 
      water?



      The regulation for nitrates/nitrites became effective in 1992. Between 
      1993 and 1995, EPA required your water supplier to collect water samples 
      at least once a year and analyze tem to find out if nitrates/nitrites are 
      present above 50 percent of their MCLs. If it is present above this level, 
      the system must continue to monitor this contaminant every 3 months.



      If contaminant levels are found to be consistently above their MCLs, 
      your water supplier must take steps to reduce the amount of 
      nitrates/nitrites so that they are consistently below that level. The 
      following treatment methods have been approved by EPA for removing 
      nitrates/nitrites: Ion exchange, Reverse Osmosis, Electrodialysis.



      How will I know if Nitrates/Nitrites are in my drinking water?



      If the levels of nitrates/nitrites exceed their MCLs, the system must 
      notify the public via newspapers, radio, TV and other means. Additional 
      actions, such as providing alternative drinking water supplies, may be 
      required to prevent serious risks to public health.



      Drinking Water Standards (ppm): MCLG MCL



      
      			Nitrate:			10			10


			Nitrite:			1			1







      Nitrate and Nitrite Releases to Water and Land: 1991 to 1993 (in 
      pounds)




      
      			 			Water			Land


			TOTALS			59,014,378			53,134,805








      
      			Top Fifteen States*


			GA			12,114,253			12,028,585 



			CA			0			21,840,999 



			AL			3,463,097			6,014,674 



			LA			8,778,237			2,250 



			MO			6,985,890			206,181 



			MS			6,952,387			0 



			KS			5,140,000			877,095 



			VA			5,091,764 0 



			NV			0			4,977,482 



			FL			1,056,560			1,835,736 



			AR			1,206,610			1,058,294 



			MD			1,802,219			138,819 



			IA			1,500,340			132,042 



			OK			1,436,348			14,199 



			UT			0			1,045,400 









      
      			Major Industries*


			Nitrogenous fertilizer			41,584,611			8,607,376 



			Misc. Ind. inorganics			4,113,312			29,676,919 



			Misc. Metal ores			0			5,764,976 



			Misc. Ind. organics			5,091,764			0 



			Fertilizer mixing			480,000			4,554,916 



			Explosives			850,921			1,297,590 



			Paper mills			1,727,061			0 



			Pulp mills			1,321,500			3,350 



			Canned foods			0			1,056,794 



			Phosphate fertilizers			1,000,000			0 








      * State/Industry totals only include facilities with releases greater 
      than 10,000 lbs.



      Learn more about your drinking water!



      EPA strongly encourages people to learn more about their drinking 
      water, and to support local efforts to protect and upgrade the supply of 
      safe drinking water. Your water bill or telephone books government 
      listings are a good starting point.



      Your local water supplier can give you a list of the chemicals they 
      test for in your water, as well as how your water is treated.



      Your state Department of Health/Environment is also a valuable source 
      of information.



      For help in locating these agencies or for information on drinking 
      water in general, call: EPAs Safe Drinking Water Hotline: (800) 
      426-4791.



      For additional information on the uses and releases of chemicals in 
      your state, contact the: Community Right-to-Know Hotline: (800) 
      535-0202.
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       Consumer Factsheet on: NITRATES/NITRITES 
      List of Contaminants
      As part of the Drinking Water and Health pages, this fact sheet is part of 
      a larger publication:
      National Primary Drinking Water Regulations
      This is a factsheet about a chemical that may be found in some public or 
      private drinking water supplies. It may cause health problems if found in 
      amounts greater than the health standard set by the United States 
      Environmental Protection Agency (EPA).
      What are Nitrates/Nitrites and how are they used?
      Nitrates and nitrites are nitrogen-oxygen chemical units which combines 
      with various organic and inorganic compounds. Once taken into the body, 
      nitrates are converted into nitrites. The greatest use of nitrates is as a 
      fertilizer.
      Why are Nitrates/Nitrites being regulated?
      In 1974, Congress passed the Safe Drinking Water Act. This law requires 
      EPA to determine safe levels of chemicals in drinking water which do or 
      may cause health problems. These non-enforceable levels, based solely on 
      possible health risks and exposure, are called Maximum Contaminant Level 
      Goals.
      The MCLG for nitrates has been set at 10 parts per million (ppm), and for 
      nitrites at 1 ppm, because EPA believes this level of protection would not 
      cause any of the potential health problems described below.
      Based on this MCLG, EPA has set an enforceable standard called a Maximum 
      Contaminant Level (MCL). MCLs are set as close to the MCLGs as possible, 
      considering the ability of public water systems to detect and remove 
      contaminants using suitable treatment technologies.
      The MCL for nitrates has been set at 10 ppm, and for nitrites at 1 ppm, 
      because EPA believes, given present technology and resources, this is the 
      lowest level to which water systems can reasonably be required to remove 
      this contaminant should it occur in drinking water.
      These drinking water standards and the regulations for ensuring these 
      standards are met, are called National Primary Drinking Water Regulations. 
      All public water supplies must abide by these regulations.
      What are the health effects?
      Short-term: Excessive levels of nitrate in drinking water have caused 
      serious illness and sometimes death. The serious illness in infants is due 
      to the conversion of nitrate to nitrite by the body, which can interfere 
      with the oxygen-carrying capacity of the childs blood. This can be an 
      acute condition in which health deteriorates rapidly over a period of 
      days. Symptoms include shortness of breath and blueness of the skin.
      Long-term: Nitrates and nitrites have the potential to cause the following 
      effects from a lifetime exposure at levels above the MCL: diuresis, 
      increased starchy deposits and hemorrhaging of the spleen.
      How much Nitrates/Nitrites are produced and released to the environment?
      Most nitrogenous materials in natural waters tend to be converted to 
      nitrate, so all sources of combined nitrogen, particularly organic 
      nitrogen and ammonia, should be considered as potential nitrate sources. 
      Primary sources of organic nitrates include human sewage and livestock 
      manure, especially from feedlots.
      The primary inorganic nitrates which may contaminate drinking water are 
      potassium nitrate and ammonium nitrate both of which are widely used as 
      fertilizers.
      According to the Toxics Release Inventory, releases to water and land 
      totaled over 112 million pounds from 1991 through 1993. The largest 
      releases of inorganic nitrates occurred in Georgia and California.
      What happens to Nitrates/Nitrites when they are released to the 
      environment?
      Since they are very soluble and do not bind to soils, nitrates have a high 
      potential to migrate to ground water. Because they do not evaporate, 
      nitrates/nitrites are likely to remain in water until consumed by plants 
      or other organisms.
      How will Nitrates/Nitrites be detected in and removed from my drinking 
      water?
      The regulation for nitrates/nitrites became effective in 1992. Between 
      1993 and 1995, EPA required your water supplier to collect water samples 
      at least once a year and analyze tem to find out if nitrates/nitrites are 
      present above 50 percent of their MCLs. If it is present above this level, 
      the system must continue to monitor this contaminant every 3 months.
      If contaminant levels are found to be consistently above their MCLs, your 
      water supplier must take steps to reduce the amount of nitrates/nitrites 
      so that they are consistently below that level. The following treatment 
      methods have been approved by EPA for removing nitrates/nitrites: Ion 
      exchange, Reverse Osmosis, Electrodialysis.
      How will I know if Nitrates/Nitrites are in my drinking water?
      If the levels of nitrates/nitrites exceed their MCLs, the system must 
      notify the public via newspapers, radio, TV and other means. Additional 
      actions, such as providing alternative drinking water supplies, may be 
      required to prevent serious risks to public health.
      Drinking Water Standards (ppm): MCLG MCL
            Nitrate:1010
            Nitrite:11

      Nitrate and Nitrite Releases to Water and Land: 1991 to 1993 (in pounds)


             WaterLand
            TOTALS59,014,37853,134,805



            Top Fifteen States*
            GA12,114,25312,028,585 

            CA021,840,999 

            AL3,463,0976,014,674 

            LA8,778,2372,250 

            MO6,985,890206,181 

            MS6,952,3870 

            KS5,140,000877,095 

            VA5,091,764 0 

            NV04,977,482 

            FL1,056,5601,835,736 

            AR1,206,6101,058,294 

            MD1,802,219138,819 

            IA1,500,340132,042 

            OK1,436,34814,199 

            UT01,045,400 




            Major Industries*
            Nitrogenous fertilizer41,584,6118,607,376 

            Misc. Ind. inorganics4,113,31229,676,919 

            Misc. Metal ores05,764,976 

            Misc. Ind. organics5,091,7640 

            Fertilizer mixing480,0004,554,916 

            Explosives850,9211,297,590 

            Paper mills1,727,0610 

            Pulp mills1,321,5003,350 

            Canned foods01,056,794 

            Phosphate fertilizers1,000,0000 


      * State/Industry totals only include facilities with releases greater than 
      10,000 lbs.
      Learn more about your drinking water!
      EPA strongly encourages people to learn more about their drinking water, 
      and to support local efforts to protect and upgrade the supply of safe 
      drinking water. Your water bill or telephone books government listings are 
      a good starting point.
      Your local water supplier can give you a list of the chemicals they test 
      for in your water, as well as how your water is treated.
      Your state Department of Health/Environment is also a valuable source of 
      information.
      For help in locating these agencies or for information on drinking water 
      in general, call: EPAs Safe Drinking Water Hotline: (800) 426-4791.
      For additional information on the uses and releases of chemicals in your 
      state, contact the: Community Right-to-Know Hotline: (800) 535-0202.

      Safewater Home | About Our Office | Publications | Calendar | Links | 
      Office of Water | En Español 
       
       
      EPA Home | Privacy and Security Notice | Contact Us 
      Last updated on Tuesday, November 26th, 2002
      URL: http://www.epa.gov/safewater/dwh/c-ioc/nitrates.html 
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In 1991, the U.S. Congress appropriated funds for the U.S. Geological Survey
(USGS) to begin the  National Water-Quality Assessment (NAWQA) Program.
As part of the NAWQA Program, the USGS works with other Federal, State, and
local agencies to understand the spatial extent of water quality, how water
quality changes with time, and how human activities and natural factors affect
water quality across the Nation. Such understanding can help resource managers
and policy makers to better anticipate, prioritize, and manage water quality in
different hydrologic and land-use settings and to consider key natural processes
and human factors in resource strategies and policies designed to restore and
protect water quality.



The NAWQA Program focuses on water quality in more than 50 major river
basins and aquifer systems. Together, these include water resources available to
more than 60 percent of the population in watersheds that cover about one-half
of the land area of the conterminous United States. NAWQA began investigations
in 20 of these areas in 1991 and phased in work in more than 30 additional
basins by 1997. Investigations in these basins, referred to as “Study Units,” use a
nationally consistent scientific approach and standardized methods. The
consistent design facilitates investigations of local conditions and trends within
individual Study Units, while also providing a basis to make comparisons
among Study Units. The comparisons demonstrate that water-quality patterns
are related to chemical use, land use, climate, geology, topography, and soils,
and thereby improve our understanding of how and why water quality varies
regionally and nationally.



National Water-Quality Assessment Program



“The Nation’s water resources are the



basis for life and our economic vitality.



These resources support a complex



web of human activities and fishery



and wildlife needs that depend upon



clean water. Demands for good quality



water for drinking, recreation, farming,



and industry are rising, and as a result,



the American public is concerned



about the condition and sustainability



of our water resources. As part of the



National Water-Quality Assessment



Program, the U.S. Geological Survey



will continue to work with other



Federal, State, and local agencies to



better understand how natural and



human influences affect water quality



in different parts of the Nation. With-



out this understanding, we can not



wisely manage these resources.”



Bruce Babbitt, Secretary



U.S. Department of the Interior











Introduction to this report and the NAWQA series
The Quality of Our Nation’s Waters



1 Summaries of water-quality assessments for the first
20 Study Units are available as USGS Circulars and on
the World Wide Web. Information on accessing these
summaries is provided on p. 80.



This report is the first in a series of nontechnical publications,
The Quality of Our Nation’s Waters, that describe major
findings of the NAWQA Program on water-quality issues of
regional and national concern. This first report presents insights
on nutrients and pesticides in water and on pesticides in bed
sediment and fish tissue. It represents a compilation of findings
in the first 20 Study Units.1  Subsequent reports in this series
will cover other water-quality constituents of concern, such as
radon, arsenic, other trace elements, and industrial chemicals,
as well as physical and chemical effects on aquatic ecosystems.
Each report will build toward a more comprehensive under-
standing of regional and national water resources as
assessments in other Study Units are completed and as
scientific models and tools that link water-quality conditions,
dominant sources, and environmental characteristics are applied
in geographic areas not covered by NAWQA Study Units.



The information in this series is intended primarily for those
interested or involved in resource management, conservation,
regulation, and policy making at regional and national levels.
In addition, the information might interest those at a local level
who simply wish to know more about the general quality of
streams and ground water in areas near where they live, and
how that quality compares to other areas across the Nation.
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2  •  INTRODUCTION



CHAPTER 1



Introduction



This fifth edition of Recognition and Management of Pesticide Poisonings is an up-
date and expansion of the 1989 fourth edition.  The Office of Pesticide Pro-
grams of the United States Environmental Protection Agency has sponsored
the series since 1973.  The purpose of the manual is to provide health profes-
sionals with recently available information on the health hazards of pesticides
currently in use, and current consensus recommendations for management of
poisonings and injuries caused by them.



Pesticide poisoning is a commonly under-diagnosed illness in America to-
day.  Despite recommendations by the Institute of Medicine and others urging
the integration of environmental medicine into medical education, health care
providers generally receive a very limited amount of training in occupational
and environmental health, and in pesticide-related illnesses, in particular.1 The
updating of this manual is part of a larger initiative of the U.S. Environmental
Protection Agency, in conjunction with numerous federal agencies, associa-
tions of health professionals, and related organizations to help health care
providers become better aware, educated, and trained in the area of pesticide-
related health concerns. This larger initiative, entitled Pesticides and National
Strategies for Health Care Providers, was launched in April 1998.



As with previous updates, this new edition incorporates new pesticide prod-
ucts that are not necessarily widely known among health professionals. The
accumulated “use experience” of formulators, applicators, and field workers
provides an expanding basis for judging safety and identifying the environmen-
tal and workplace hazards of old and new pesticides. Major episodes of adverse
health effects reported in medical and scientific periodicals have been taken
into account. This literature also contributes importantly to improved under-
standing of toxic mechanisms.  Clinical toxicology is a dynamic field of medi-
cine; new treatment methods are developed regularly, and the effectiveness of
old as well as new modalities is subject to constant critical review.



There is general agreement that prevention of pesticide poisoning remains a
much surer path to safety and health than reliance on treatment. In addition to
the inherent toxicity of pesticides, none of the medical procedures or drugs
used in treating poisonings is risk-free. In fact, many antidotes are toxic in their
own right, and such apparently simple procedures as gastric intubation incur
substantial risk. The clinical toxicologist must often weigh the hazards of vari-
ous courses of action—sometimes including no treatment at all—against the
risks of various interventions, such as gastric emptying, catharsis, administration
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of intravenous fluids, or administration of an antidote, if available. Clinical man-
agement decisions have to be made promptly and, as often as not, on the basis
of limited scientific and medical information. The complex circumstances of
human poisonings rarely allow precise comparisons of alternative management.
In no sense, then, are the treatment recommendations in this book infallible
guides to successful outcomes. They are no more than consensus judgments of
the best available clinical management options.



This manual deals almost entirely with short-term (acute) harmful effects
of pesticides. Although obviously important, the subject of chronic effects is
too complex to deal with exhaustively in a manual designed as guidance for
emergency management. Nonetheless, appropriate treatment of serious expo-
sures to pesticides represents an important step in avoiding chronic as well as
acute disease.



The pesticides and commercial products mentioned in this manual do not
represent the universe of pesticide products in existence.  They were selected
based on frequency of use and exposure, severity of toxicity, and prior experi-
ence with acute poisonings. Products are discussed in this manual that have
been discontinued or whose U.S. pesticide registration has been revoked but
are judged to still be of risk due to use elsewhere or where there is a probability
of residual stocks. Agents long out of use in the U.S. and elsewhere were not
included in the manual.



The amount of pesticide absorbed is a critical factor in making treatment
decisions, and estimation of dosage in many circumstances of pesticide expo-
sure remains difficult. The terms “small amount” and “large amount” used in
this book are obviously ambiguous, but the quality of exposure information
obtained rarely justifies more specific terminology.



Sometimes the circumstances of exposure are a rough guide to the amount
absorbed. Exposure to spray drift properly diluted for field application is not
likely to convey a large dose unless exposure has been prolonged. Spills of
concentrated technical material onto the skin or clothing may well represent a
large dose of pesticide unless the contamination is promptly removed. Brief
dermal exposure to foliage residues of cholinesterase-inhibiting pesticides is
not likely to lead to poisoning, but prolonged exposures may well do so. Sui-
cidal ingestions almost always involve “large amounts,” requiring the most ag-
gressive management.  Except in children, accidental pesticide ingestions are
likely to be spat out or vomited.  Ingestions of pesticides by children are the
most difficult to evaluate. The therapist usually must base clinical management
decisions on “worst case” assumptions of dosage. Childhood poisonings are still
further complicated by the greater vulnerability of the very young, not only to
pesticides themselves, but also to drugs and treatment procedures.  The nature
of neurological development in children entails an additional level of risk that
is not present in adults. Some adult groups such as farmwrokers with poor
nutrition and high exposure may also be at increased risk.
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Key Principles



General methods of managing pesticide poisonings are presented in Chap-
ter 2 and reflect a broad base of clinical experience.  The following key points
deserve emphasis. The need to protect the airway from aspiration of vomitus
cannot be overstated.  Death has occasionally resulted from this complication,
even following ingestions of substances having relatively low toxic potential. In
poisonings by agents that depress central nervous system function or cause
convulsions, early placement of a cuffed endotracheal tube (even when this
requires light general anesthesia) may be life saving. Maintenance of adequate
pulmonary gas exchange is another essential element of poisoning manage-
ment that deserves constant reemphasis.



Gastric intubation, with aspiration and lavage, remains a useful method for
removing poisons from the stomach shortly after they have been swallowed,
but the time after ingestion during which lavage is likely to be beneficial is
shorter than many clinical toxicologists have thought. Rarely are significant
amounts of swallowed toxicants recovered more than 1-2 hours after ingestion,
and, in many instances, the bulk of swallowed material passes into the duode-
num and beyond in 15-30 minutes.  In addition, the majority of controlled
studies evaluating the effectiveness of gastric emptying procedures are done for
ingestions of solid material (pills) rather than liquids.



Full advantage should be taken of new highly adsorbent charcoals that are
effective in binding some pesticides in the gut. Unfortunately, charcoal does
not adsorb all pesticides, and its efficiency against many of them is not known.
In poisonings caused by large intakes of pesticide, hemodialysis and
hemoperfusion over adsorbents continue to be tested as methods for reducing
body burdens. Against some toxicants, these procedures appear valuable. Over-
all effectiveness appears to depend not only on efficiency of clearance from the
blood, but also on the mobility of toxicant already distributed to tissues before
the extracorporeal blood-purification procedure is started. The volume of dis-
tribution and avidity of tissue binding are important considerations in making
such decisions. The critical determinant of success in using these systems may
well be the speed with which they can be put into operation before tissue-
damaging stores of toxicant have accumulated.



There remains a need for systematic reporting of pesticide poisonings to a
central agency so that accurate statistics describing the frequency and circum-
stances of poisoning can be compiled, and efforts to limit these occurrences can
be properly directed. In some countries there has been an increase in the use of
pesticides as instruments of suicide and even homicide. Producers are now
devoting considerable effort to modifying formulation and packaging to deter
these misuses. This work is important because suicidal ingestions are often the
most difficult pesticide poisonings to treat successfully.
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Common Pesticide Poisonings



The pesticides most often implicated in poisonings, injuries, and illnesses,
according to 1996 data from the American Association of Poison Control Center’s
Toxic Exposure Surveillance System, are listed below.



The list is based on symptomatic cases classified as minor, moderate, major,
or fatal outcome for unintentional cases involving a single product. Numbers
of cases are reported for both children under six years of age and for adults and
older children. Suicide/homicide (intentional) cases have been excluded. Cases
listed as organophosphates (and the other categories as well) may also include
other insecticides such as carbamates and organochlorines in a single product.



PESTICIDES MOST OFTEN IMPLICATED IN SYMPTOMATIC
ILLNESSES, 1996



Rank Pesticide or Pesticide Class Child Adults Total*
< 6 years  6-19 yrs.



1 Organophosphates 700 3274 4002
2 Pyrethrins and pyrethroids** 1100 2850 3950
3 Pine oil disinfectants 1336 903 2246
4 Hypochlorite disinfectants 808 1291 2109
5 Insect repellents 1081 997 2086
6 Phenol disinfectants 630 405 1040
7 Carbamate insecticides 202 817 1030
8 Organochlorine insecticides 229 454 685
9 Phenoxy herbicides 63 387 453
10 Anticoagulant rodenticides 176 33 209



All Other Pesticides 954 3604 4623
Total all pesticides/disinfectants 7279 15,015 22,433



* Totals include a small number of cases with unknown age.
** Rough estimate: includes some veterinary products not classified by chemical type.



Source: American Association of Poison Control Centers, Toxic Exposure Surveillance
System, 1996 data.



Approximately 90% of symptomatic cases involve only minor symptoms of
the type that could typically be treated at home with dilution or just observation.
However, seven of the top ten categories listed in the table above (organo-
phosphates, pyrethrins/pyrethroids, hypochlorite disinfectants, carbamates, 
organochlorines, phenoxy herbicides, and anticoagulant rodenticides) are much
more likely to require medical attention.



This list cannot be considered representative of all symptomatic poisonings
because it only shows cases reported to Poison Control Centers. However, it does
give a sense of the relative frequency and risk of poisoning from various agents or
classes of agents. The relative frequency of cases generally reflects how widely a
product is used in the environment. For example, a number of disinfectants occur
in the top ten partly because they are far more commonly found in the home and
work environment than other pesticides (see also the table of occupational cases
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below). Denominator information on the population at risk (numbers exposed)
would be needed to better understand the relative risk of different pesticides.
However, the main purpose of these tables is to give physicians a sense of what
types of cases they are most likely to see in their practice.



Although suicide cases make up roughly 3% of pesticide-related calls to
Poison Control Centers, they may account for nearly 10% of the cases seen in
a health care facility. The leading types of products involved in suicidal cases
include anticoagulant rodenticides (20% of total suicide attempts), pine oil dis-
infectants (14%), organophosphates (11%), pyrethrins/pyrethroids (6%), unknown
rodenticides (5%), carbamate insecticides (4%), and phenol disinfectants (3%).



CALIFORNIA OCCUPATIONAL ILLNESSES LIKELY DUE TO
PESTICIDES, 1991-1995



Rank Pesticide Systemic Topical* Total



1 Sodium hypochlorite 167 858 1025
2 Quaternary ammonia 9 348 357
3 Chlorine 112 124 236
4 Glutaraldehyde 38 118 156
5 Chlorpyrifos 113 39 152
6 Sulfur 48 69 117
7 Glyphosate 9 94 103
8 Propargite 3 96 99
9 Metam sodium** 64 33 97
10 Cyanuric acid 14 76 90



All Other 1149 1089 2238
Total all pesticides/disinfectants 1726 2944 4670



* Topical includes skin, eye, and respiratory effects.
** Train derailment led to a cluster of cases due to metam sodium in 1991.



Source: Louise Mehler, M.S., California Pesticide Illness Surveillance Program, California
Environmental Protection Agency.



Poison Control Centers are best at capturing pesticide exposures which
occur in residential environments. However, occupational exposures are not as
well covered. California’s Pesticide Illness Surveillance Program is generally
regarded as the best in the country. The table above presents the number of
occupationally-related cases in California reported from 1991 through 1995
where a pesticide was considered a probable or definite cause of the resulting
illness. Pesticide combinations, where the primary pesticide responsible for the
illness could not be identified, are not included in this table. Among persons
who encounter pesticides in the course of their occupational activities, dermal
and eye injuries, rather than systemic poisonings, are more common. Systemic
poisonings, however, are likely to be more severe.
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Format of this Manual



An effort has been made to format this book for quick reference by thor-
ough indexing and minimal references to other pages or chapters.  However,
many different agents commonly require similar procedures in treating poison-
ings and it is not practical to repeat these protocols in every chapter.  General
principles for management of pesticide poisoning, including skin and eye de-
contamination, gastrointestinal decontamination, and control of convulsions
are considered in Chapter 2, General Principles.  These principles are refer-
enced throughout.



Changes in this reformatted edition include: tabular listings of Commercial
Products in each chapter, the addition of a new chapter on Disinfectants (Chapter
19), and the addition of a chapter on Environmental and Occupational History
(Chapter 3), which places pesticide poisonings in the context of other environ-
mental and occupational exposures, provides questionnaires designed to elicit ex-
posure information, discusses resources available to the practitioner, and provides a
list of governmental and non-government contacts and Web sites for more infor-
mation. In addition, each chapter is referenced to key references in readily accessible
current literature.  Most references were selected as primary references in peer
review journals, although some review papers are also included.



The contents of this book have been derived from many sources: published
texts, current medical, toxicological, and pesticide product literature, and direct
communications with experts in clinical toxicology and pesticide toxicology and
environmental and occupational health specialists.  A list of the major text sources
follows this introduction.
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Casarett and Doull’s Toxicology, 5th Edition
John Doull, Curtis D. Klaassen, and Mary O. Amdur
Macmillan Publishing Company, New York, NY, 1996



Chemicals Identified in Human Biological Media: A Data Base
Compiled by M. Virginia Cone, Margaret F. Baldauf, Fay M. Martin, and John



T. Ensminger
Oak Ridge National Laboratory, 1980



Clinical Toxicology of Agricultural Chemicals
Sheldon L. Wagner, M.D.
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Jeannette E. Braddock
Williams and Wilkins, Baltimore, MD, 1984
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CHAPTER 2



General Principles in
the Management of
Acute Pesticide Poisonings



This chapter describes basic management techniques applicable to most acute
pesticide poisonings. Where special considerations and treatments are required
for a particular pesticide, they are addressed separately in the appropriate chapter.



Skin Decontamination



Decontamination must proceed concurrently with whatever resuscitative
and antidotal measures are necessary to preserve life. Shower patient with soap
and water, and shampoo hair to remove chemicals from skin and hair. If there
are any indications of weakness, ataxia, or other neurologic impairment, cloth-
ing should be removed and a complete bath and shampoo given while the
victim is recumbent. The possibility of pesticide sequestered under fingernails
or in skin folds should not be overlooked.



Flush contaminating chemicals from eyes with copious amounts of clean
water for 10-15 minutes. If eye irritation is present after decontamination, oph-
thalmologic consultation is appropriate.



Persons attending the victim should avoid direct contact with heavily con-
taminated clothing and vomitus. Contaminated clothing should be promptly
removed, bagged, and laundered before returning. Shoes and other leather items
cannot usually be decontaminated and should be discarded. Note that pesti-
cides can contaminate the inside surfaces of gloves, boots, and headgear. De-
contamination should especially be considered for emergency personnel such
as ambulance drivers at the site of a spill or contamination. Wear rubber gloves
while washing pesticide from skin and hair of patient. Latex and other surgical
or precautionary gloves usually will not always adequately protect from pesti-
cide contamination, so only rubber gloves are appropriate for this purpose.



Airway Protection



Ensure that a clear airway exists. Suction any oral secretions using a large
bore suction device if necessary. Intubate the trachea if the patient has respira-
tory depression or if the patient appears obtunded or otherwise neurologically
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impaired. Administer oxygen as necessary to maintain adequate tissue oxygen-
ation. In severe poisonings, it may be necessary to mechanically support pul-
monary ventilation for several days.



Note on Specific Pesticides: There are several special considerations
with regard to certain pesticides. In organophosphate and carbamate poi-
soning, adequate tissue oxygenation is essential prior to administering atropine.
As important, in paraquat and diquat poisoning, oxygen is contraindicated
early in the poisoning because of progressive oxygen toxicity to the lung tissue.
See specific chapters for more details.



Gastrointestinal Decontamination



A joint position statement has recently been released by the American
Academy of Clinical Toxicology and the European Association of Poisons Centres
and Clinical Toxicologists on various methods of gastrointestinal decontamina-
tion.  A summary of the position statement accompanies the description of
each procedure.



1. Gastric Lavage



If the patient presents within 60 minutes of ingestion, lavage may be con-
sidered. Insert an orogastric tube and follow with fluid, usually normal saline.
Aspirate back the fluid in an attempt to remove any toxicant. If the patient is
neurologically impaired, airway protection with a cuffed endotracheal tube is
indicated prior to gastric lavage.



Lavage performed more than 60 minutes after ingestion has not proven to
be beneficial and runs the risk of inducing bleeding, perforation, or scarring
due to additional trauma to already traumatized tissues. It is almost always nec-
essary first to control seizures before attempting gastric lavage or any other
method of GI decontamination.



Studies of poison recovery have been performed mainly with solid mate-
rial such as pills. There are no controlled studies of pesticide recovery by these
methods. Reported recovery of material at 60 minutes in several studies was
8%-32%.1,2 There is further evidence that lavage may propel the material into
the small bowel, thus increasing absorption.3



Note on Specific Pesticides: Lavage is contraindicated in hydrocarbon
ingestion, a common vehicle in many pesticide formulations.



Position Statement: Gastric lavage should not be routinely used in the
management of poisons. Lavage is indicated only when a patient has ingested a
potentially life-threatening amount of poison and the procedure can be done
within 60 minutes of ingestion. Even then, clinical benefit has not been con-
firmed in controlled studies.4
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2. Catharsis



Sorbitol and magnesium citrate are commonly used cathartic agents. Be-
cause magnesium citrate has not been studied as much, its use is not described
here. Sorbitol is often included in charcoal formulations. It will increase gut
motility to improve excretion of the charcoal-poison complex. The dosage of
sorbitol is 1-2 g/kg as a one-time dose. Repeat doses of cathartics may result in
fluid and electrolyte imbalances, particularly in children, and are therefore not
recommended. Sorbitol is formulated in 70% and 35% solutions and usually
packaged in 100 mL bottles. The gram dosage of sorbitol in a 100 mL bottle
can be calculated by multiplying 100 (mL) x 0.7 (for 70% solution) x 1.285 g
sorbitol/mL. Therefore the dose in mL is as follows:



Dosage of Sorbitol:



• Adults: 70% sorbitol, 1-2 mL/kg.



• Children: 35% sorbitol, 1.5-2.3 mL/kg (maximum dosage: 50 g).



Note on Specific Pesticides: Significant poisoning with organophos-
phates, carbamates, and arsenicals generally results in a profuse diarrhea. Poi-
soning with diquat and to a lesser extent paraquat results in an ileus. The use of
sorbitol is not recommended in any of the above pesticide poisonings.



Position Statement: The administration of a cathartic alone has no role
in the management of the poisoned patient. There are no definite indications
for the use of cathartics in the management of the poisoned patient. Data are
conflicting with regard to use in combination with activated charcoal, and its
routine use is not endorsed. If a cathartic is used, it should be as a single dose in
order to minimize adverse effects. There are numerous contraindications,
including absent bowel sounds, abdominal trauma or surgery, or intestinal
perforation or obstruction. It is also contraindicated in volume depletion,
hypotension, electrolyte imbalance, or the ingestion of a corrosive substance.5



3. Activated Charcoal Adsorption



Activated charcoal is an effective absorbent for many poisonings. Volunteer
studies suggest that it will reduce the amount of poison absorbed if given within
60 minutes.6 There are insufficient data to support or exclude its use if time
from ingestion is prolonged, although some poisons that are less soluble may be
adsorbed beyond 60 minutes. Clinical trials with charcoal have been done with
poisons other than pesticides. There is some evidence that paraquat is well
adsorbed by activated charcoal.7,8 Charcoal has been anecdotally successful with
other pesticides.
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Dosage of Activated Charcoal:



• Adults and children over 12 years: 25-100 g in 300-800 mL water.



• Children under 12 years: 25-50 g per dose.



• Infants and toddlers under 20 kg: 1 g per kg body weight.



Many activated charcoal formulations come premixed with sorbitol. Avoid giv-
ing more than one dose of sorbitol as a cathartic in infants and children due to
the risk of rapid shifts of intravascular fluid.



Encourage the victim to swallow the adsorbent even though spontaneous vom-
iting continues. Antiemetic therapy may help control vomiting in adults or older
children.  As an alternative, activated charcoal may be administered through an
orogastric tube or diluted with water and administered slowly through a nasogastric
tube. Repeated administration of charcoal or other absorbent every 2-4 hours may
be beneficial in both children and adults, but use of a cathartic such as sorbitol
should be avoided after the first dose. Repeated doses of activated charcoal should
not be administered if the gut is atonic. The use of charcoal without airway protec-
tion is contraindicated in the neurologically impaired patient.



Note on Specific Pesticides: The use of charcoal without airway pro-
tection should be used with caution in poisons such as organophosphates, car-
bamates, and organochlorines if they are prepared in a hydrocarbon solution.



Position Statement: Single-dose activated charcoal should not be used
routinely in the management of poisoned patients. Charcoal appears to be most
effective within 60 minutes of ingestion and may be considered for use for this
time period. Although it may be considered 60 minutes after ingestion, there is
insufficient evidence to support or deny its use for this time period. Despite
improved binding of poisons within 60 minutes, only one study exists9 to suggest
that there is improved clinical outcome. Activated charcoal is contraindicated in
an unprotected airway, a GI tract not anatomically intact, and when charcoal
therapy may increase the risk of aspiration of a hydrocarbon-based pesticide.6



4. Syrup of Ipecac



Ipecac has been used as an emetic since the 1950s. In a pediatric study,
administration of ipecac resulted in vomiting within 30 minutes in 88% of
children.10 However, in light of the recent review of the clinical effectiveness of
ipecac, it is no longer recommended for routine use in most poisonings.
Most clinical trials involve the use of pill form ingestants such as aspirin,2,11



acetaminophen,12 ampicillin,1 and multiple types of tablets.13 No clinical trials
have been done with pesticides. In 1996, more than 2 million human exposures
to a poisonous substances were reported to American poison centers. Ipecac
was recommended for decontamination in only 1.8% of all exposures.14
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Dosage of Syrup of Ipecac:



• Adolescents and adults: 15-30 mL followed immediately with 240 mL
of water.



• Children 1-12 years: 15 mL preceded or followed by 120 to 240
mL of water.



• Infants 6 months to 12 months: 5-10 mL preceded or followed by 120
to 240 mL of water.



Dose may be repeated in all age groups if emesis does not occur within
20-30 minutes.



Position Statement: Ipecac syrup should not be administered routinely
in poisoned patients. If ipecac is used, it should be administered within 60
minutes of the ingestion. Even then, clinical studies have demonstrated no ben-
efit from its use. It should be considered only in an alert conscious patient who
has ingested a potentially toxic ingestion. Contraindications to its use include
the following: patients with diminished airway protective reflexes, the ingestion
of hydrocarbons with a high aspiration potential, the ingestion of a corrosive
substance, or the ingestion of a substance in which advanced life support may
be necessary within the next 60 minutes.15



5. Seizures



Lorazepam is increasingly being recognized as the drug of choice for status
epilepticus, although there are few reports of its use with certain pesticides.
One must be prepared to assist ventilation with lorazepam and any other medi-
cation used to control seizures. See dosage table on next page.



For organochlorine compounds, use of lorazepam has not been reported
in the literature. Diazepam is often used for this, and is still used in other pesti-
cide poisonings.



Dosage of Diazepam:



• Adults: 5-10 mg IV and repeat every 5-10 minutes to maximum of
30 mg.



• Children: 0.2-0.5 mg/kg IV every 5 minutes to maximum of 10 mg
in children over 5 years and 5 mg in children under 5 years.
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Dosage of Lorazepam:



• Adults: 2-4 mg/dose given IV over 2-5 minutes. Repeat if necessary
to a maximum of 8 mg in a 12 hour period.



• Adolescents: Same as adult dose, except maximum dose is 4 mg.



• Children under 12 years: 0.05-0.10 mg/kg IV over 2-5 minutes. Re-
peat if necessary .05 mg/kg 10-15 minutes after first dose, with a
maximum dose of 4 mg.



Caution: Be prepared to assist pulmonary ventilation mechanically if
respiration is depressed, to intubate the trachea if laryngospasm occurs,
and to counteract hypotensive reactions.



Phenobarbital is an additional treatment option for seizure control. Dos-
age for infants, children, and adults is 15-20 mg/kg as an IV loading
dose. An additional 5 mg/kg IV may be given every 15-30 minutes to a
maximum of 30 mg/kg. The drug should be pushed no faster than 1 mg/
kg/minute.



For seizure management, most patients respond well to usual management
consisting of benzodiazepines, or phenytoin and phenobarbital.
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CHAPTER 3



Environmental and
Occupational History



Pesticide poisonings may go unrecognized because of the failure to take a proper
exposure history.  This chapter is intended to remedy this often overlooked area
by providing basic tools for taking a complete exposure history.  In some situ-
ations where exposures are complex or multiple and/or symptoms atypical, it is
important to consider consultation with clinical toxicologists or specialists in
environmental and occupational medicine.  Local Poison Control Centers should
also be considered when there are questions about diagnosis and treatment.



Although this manual deals primarily with pesticide-related diseases and
injury, the approach to identifying exposures is similar regardless of the specific
hazard involved.  It is important to ascertain whether other non-pesticide ex-
posures are involved because of potential interactions between these hazards
and the pesticide of interest (e.g., pesticide intoxication and heat stress in agri-
cultural field workers). Thus, the following section on pesticide exposures should
be seen in the context of an overall exposure assessment.



Most pesticide-related diseases have clinical presentations that are similar
to common medical conditions and display nonspecific symptoms and physical
signs.  Knowledge of a patient’s exposure to occupational and environmental
factors is important for diagnostic, therapeutic, rehabilitative and public health
purposes. Thus, it is essential to obtain an adequate history of any environmen-
tal or occupational exposure which could cause disease or exacerbate an exist-
ing medical condition.



In addition to the appropriate patient history-taking, one must also con-
sider any other persons that may be similarly exposed in the home, work or
community environment. Each environmental or occupational disease identi-
fied should be considered a potential sentinel health event which may require
follow-up activities to identify the exposure source and any additional cases. By
identifying and eliminating the exposure source, one can prevent continued
exposure to the initial patient and any other individuals involved.



Patients with these types of diseases may be seen by health care providers
that are not familiar with these conditions. If an appropriate history is obtained
and there appears to be a suspect environmental or occupational exposure, the
health care provider can obtain consultation with specialists (e.g., industrial
hygienists, toxicologists, medical specialists, etc.) in the field of environmental
and occupational health. For the more severe sentinel health events and those
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that involve numerous exposed individuals, additional assistance can be ob-
tained by contacting the state health department, state regulatory agency (e.g.,
the agriculture department in the case of pesticide illness and injury), or other
related organizations (see list at end of chapter). Furthermore, some states re-
quire reporting of certain environmental and occupational conditions (e.g.,
pesticide case reporting in Arizona, California, Florida, Oregon, Texas, and
Washington).



This chapter reviews the types of questions to be asked in taking an occupa-
tional and environmental history (for both adult and pediatric patients),  discusses
legal, ethical, and public health considerations, and lists information resources.



Taking an Exposure History



Given the time constraints of most health care providers, a few screening
questions are likely to be preferable to a lengthy questionnaire in identifying
occupational or environmental hazards. The screening questions below could
be incorporated into an existing general health questionnaire or routine
patient interview.



SCREENING QUESTIONS FOR OCCUPATIONAL
AND ENVIRONMENTAL EXPOSURES*
For an adult patient:
After establishing the chief complaint and history of the presenting illness:



• What kind of work do you do?



• (if unemployed) Do you think your health problems are related to your home
or other location?



• (if employed) Do you think your health problems are related to your work? Are
your symptoms better or worse when you are at home or at work?



• Are you now or have you previously been exposed to pesticides, solvents, or
other chemicals, dusts, fumes, radiation, or loud noise?



For a pediatric patient (questions asked of parent or guardian):



• Do you think the patient’s health problems are related to the home, daycare,
school, or other location?



• Has there been any exposure to pesticides, solvents or other chemicals, dusts,
fumes, radiation, or loud noise?



• What kind of work do the parents or other household members engage in?



If the clinical presentation or initial medical history suggests a potential occu-
pational or environmental exposure, a detailed exposure interview is needed.
An extensive exposure history provides a more complete picture of pertinent
exposure factors and can take up to an hour. The detailed interview includes
questions on occupational exposure, environmental exposure, symptoms and
medical conditions, and non-occupational exposure potentially related to ill-
ness or injury. Although the focus is on pesticide exposures and related health
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effects, concurrent non-pesticide exposures need to be considered in the over-
all patient health assessment. Questions typical of a detailed interview are listed
on the next several pages, preceded by special concerns in addressing exposures
of children and agricultural workers. For further details on taking a history for
all types of occupational and environmental hazards, consult the ATSDR mono-
graph entitled “Taking an Exposure History”1 or a general occupational and
environmental medicine reference text.2



Special Patient Populations



Children
In comparison to adults, children may be at greater risk from pesticide



exposures due to growth and developmental factors. Consideration of fetal,
infant, toddler or child characteristics is helpful in an exposure evaluation: physical
location, breathing zones, oxygen consumption, food consumption, types of
foods consumed and normal behavioral development.3  Furthermore, transpla-
cental absorption and breast milk may pose additional routes of exposure. Al-
though environmental (and, at times, occupational) exposure to pesticides is
the focus of this chapter, the most significant hazard for children is uninten-
tional ingestion.4  Thus, it is very important to ask about pesticides used and
stored in the home, day care facility, school, and play areas.



Agricultural Workers
Data from California’s mandatory pesticide poisoning reporting system would



imply an annual national estimate of 10,000-20,000 cases of farmworker poison-
ing.5 However, it is believed that these figures still represent serious underreporting
due to the lack  of medical access for many farmworkers and misdiagnosis by
some clinicians. For these high-risk patients, the exposure history should include
specific questions about the agricultural work  being done. For example:



• Are pesticides being used at home or work?



• Were the fields wet when you were picking?



• Was any spraying going on while you were working in the fields?



• Do you get sick during or after working in the fields?



The use of pesticides in the residence and taking home agricultural pesticides or
contaminated work clothes that are not properly separated from other clothes
may pose hazards for other household members as well.



Obtaining Additional Pesticide Information



In addition to the patient history, it is often helpful to obtain further infor-
mation on suspect pesticide products. Two documents are useful starting points
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DETAILED INTERVIEW FOR OCCUPATIONAL
AND ENVIRONMENTAL EXPOSURES
(Questions marked in bold type are especially important for a pesticide exposure history)



(1)  Adult Patient
OCCUPATIONAL EXPOSURE



• What is your occupation? (If unemployed, go to next section)



• How long have you been doing this job?



• Describe your work and what hazards you are exposed to (e.g., pesticides, solvents or other
chemicals, dust, fumes, metals, fibers, radiation, biologic agents, noise, heat, cold, vibration)



• Under what circumstances do you use protective equipment? (e.g., work clothes, safety glasses,
respirator, gloves, and hearing protection)



• Do you smoke or eat at the worksite?



• List previous jobs in chronological order, include full and part-time, temporary, second jobs,
summer jobs, and military experience. (Because this question can take a long time to answer, one
option is to ask the patient to fill out a form with this question on it prior to the formal history taking by
the clinician. Another option is to take a shorter history by asking the patient to list only the prior jobs
that involved the agents of interest. For example, one could ask for all current and past jobs involving
pesticide exposure.)



ENVIRONMENTAL EXPOSURE HISTORY



• Are pesticides (e.g., bug or weed killers, flea and tick sprays, collars, powders, or shampoos)
used in your home or garden or on your pet?



• Do you or any household member have a hobby with exposure to any hazardous materials (e.g.,
pesticides, paints, ceramics, solvents, metals, glues)?



• If pesticides are used:



• Is a licensed pesticide applicator involved?



• Are children allowed to play in areas recently treated with pesticides?



• Where are the pesticides stored?



• Is food handled properly (e.g., washing of raw fruits and vegetables)?



• Did you ever live near a facility which could have contaminated the surrounding area (e.g., mine,
plant, smelter, dump site)?



• Have you ever changed your residence because of a health problem?



• Does your drinking water come from a private well, city water supply, and/or grocery store?



• Do you work on your car?



• Which of the following do you have in your home: air conditioner/purifier, central heating (gas or oil), gas stove,
electric stove, fireplace, wood stove, or humidifier?



• Have you recently acquired new furniture or carpet, or remodeled your home?



• Have you weatherized your home recently?



• Approximately what year was your home built?



SYMPTOMS AND MEDICAL CONDITIONS



(If employed)



• Does the timing of your symptoms have any relationship to your work hours?



• Has anyone else at work suffered the same or similar problems?



• Does the timing of your symptoms have any relationship to environmental activities listed above?



• Has any other household member or nearby neighbor suffered similar health problems?
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NON-OCCUPATIONAL EXPOSURES POTENTIALLY RELATED TO ILLNESS OR INJURY



• Do you use tobacco? If yes, in what forms (cigarettes, pipe, cigar, chewing tobacco)? About how many
do you smoke or how much tobacco do you use per day? At what age did you start using tobacco? Are
there other tobacco smokers in the home?



• Do you drink alcohol? How much per day or week? At what age did you start?



• What medications or drugs are you taking? (Include prescription and non-prescription uses)



• Has anyone in the family worked with hazardous materials that they might have brought home
(e.g., pesticides, asbestos, lead)? (If yes, inquire about household members potentially exposed.)



(2)  Pediatric Patient (questions asked of parent or guardian)



OCCUPATIONAL EXPOSURE



• What is your occupation and that of other household members?  (If no employed individuals, go to
next section)



• Describe your work and what hazards you are exposed to (e.g., pesticides, solvents or other
chemicals, dust, fumes, metals, fibers, radiation, biologic agents, noise, heat, cold, vibration)



ENVIRONMENTAL EXPOSURE HISTORY



• Are pesticides (e.g., bug or weed killers, flea and tick sprays, collars, powders, or shampoos)
used in your home or garden or on your pet?



• Do you or any household member have a hobby with exposure to any hazardous materials (e.g.,
pesticides, paints, ceramics, solvents, metals, glues)?



• If pesticides are used:



• Is a licensed pesticide applicator involved?



• Are children allowed to play in areas recently treated with pesticides?



• Where are the pesticides stored?



• Is food handled properly (e.g., washing of raw fruits and vegetables)?



• Has the patient ever lived near a facility which could have contaminated the surrounding area
(e.g., mine, plant, smelter, dump site)?



• Has the patient ever changed residence because of a health problem?



• Does the patient’s drinking water come from a private well, city water supply, and/or grocery
store?



• Which of the following are in the patient’s home: air conditioner/purifier, central heating (gas or oil), gas stove,
electric stove, fireplace, wood stove, or humidifier?



• Is there recently acquired new furniture or carpet, or recent home remodeling in the patient’s home?



• Has the home been weatherized recently?



• Approximately what year was the home built?



SYMPTOMS AND MEDICAL CONDITIONS



• Does the timing of symptoms have any relationship to environmental activities listed above?



• Has any other household member or nearby neighbor suffered similar health problems?



NON-OCCUPATIONAL EXPOSURES POTENTIALLY RELATED TO ILLNESS OR INJURY



• Are there tobacco smokers in the home? If yes, in what forms (cigarettes, pipe, cigar, chewing tobacco)?



• What medications or drugs is the patient taking? (Include prescription and non-prescription uses)



• Has anyone in the family worked with hazardous materials that they might have brought home
(e.g., pesticides, asbestos, lead)? (If yes, inquire about household members potentially exposed.)
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in the identification and evaluation of the pesticide exposure: the material safety
data sheet (MSDS) and the pesticide label.



• Material Safety Data Sheet (MSDS). Under OSHA’s Hazard
Communications Standard (29 CFR 1910.1200), all chemical manu-
facturers are required to provide an MSDS for each hazardous chemi-
cal they produce or import. Employers are required to keep copies
of MSDSs and make them available to the workers. The following
items are contained in an MSDS:



- Material identification
- Ingredients and occupational exposure limits
- Physical data
- Fire and explosion data
- Reactivity data
- Health hazard data
- Spill, leak, and disposal procedures
- Special protection data
- Special precautions and comments.



These documents tend to have very limited information on health
effects and some of the active ingredients may be omitted due to
trade secret considerations. One cannot rely solely on an MSDS in
making medical determinations.



• Pesticide label. EPA requires that all pesticide products bear labels
that provide certain information. This information can help in evalu-
ating pesticide health effects and necessary precautions. The items
covered include the following:



- Product name
- Manufacturer
- EPA registration number
- Active ingredients
- Precautionary statements:



i. Human hazard signal words “Danger” (most hazardous),
“Warning,” and “Caution” (least hazardous)



ii. Child hazard warning



iii. Statement of practical treatment (signs and symptoms of
poisoning, first aid, antidotes, and note to physicians in the
event of a poisoning)



iv. Hazards to humans and domestic animals



v. Environmental hazards



vi. Physical or chemical hazards
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- Directions for use
- Name and address of manufacturer
- Net contents
- EPA registration number
- EPA establishment number
- Worker Protection Standard (WPS) designation, including re-



stricted entry interval and personal protection equipment required
(see WPS description on page 25).



The EPA registration number is useful when contacting EPA for infor-
mation or when calling the National Pesticide Telecommunications
Network hotline (see page 29). Pesticide labels may differ from one
state to another based on area-specific considerations. Also, different
formulations of the same active ingredients may result in different label
information. The pesticide label lists information only for active ingre-
dients (not for inert components) and rarely contains information on
chronic health effects (e.g., cancer and neurologic, reproductive, and
respiratory diseases).6 Although further pesticide information is often
needed, these documents should be considered as the first step in iden-
tifying and understanding the health effects of a given pesticide.



For the agricultural worker patient, the health care provider has
two legal bases — the EPA Worker Protection Standard and USDA
regulations under the 1990 Farm Bill — for obtaining from the
employer the pesticide product name to which the patient was ex-
posed. When requesting this information, the clinician should keep
the patient’s name confidential whenever possible.



Assessing the Relationship of
Work or Environment to Disease



Because pesticides and other chemical and physical hazards are often asso-
ciated with nonspecific medical complaints, it is very important to link the
review of systems with the timing of suspected exposure to the hazardous agent.
The Index of Signs and Symptoms in Section V provides a quick reference to
symptoms and medical conditions associated with specific pesticides. Further
details on the toxicology, confirmatory tests, and treatment of illnesses related
to pesticides are provided in each chapter of this manual. A general understand-
ing of pesticide classes and some of the more common agents is helpful in
making a pesticide related disease diagnoses.



In evaluating the association of a given pesticide exposure in the workplace
or environment and a clinical condition, key factors to consider are:



• Symptoms and physical signs appropriate for the pesticide being
considered











24  •
ENVIRONMENTAL AND
OCCUPATIONAL HISTORY



• Co-workers or others in the environment who are ill



• Timing of the problems



• Confirmation of physical exposure to the pesticide



• Environmental monitoring data



• Biomonitoring results



• Biological plausibility of the resulting health effect



• Ruling out non-pesticide exposures or pre-existing illnesses.



A concurrent non-pesticide exposure can either have no health effect, ex-
acerbate an existing pesticide health effect, or solely cause the health effect in a
patient. In the more complicated exposure scenarios, assistance should be sought
from specialists in occupational and environmental health (see Information Re-
sources on page 27).



Legal, Ethical, and Public Health Considerations



Following are some considerations related to government regulation of
pesticides, ethical factors, and public health concerns that health care providers
should be aware of in assessing a possible pesticide exposure.



Reporting Requirements
When evaluating a patient with a pesticide-related medical condition, it



is important to understand the state-specific reporting requirements for the
workers’ compensation system (if there has been an occupational exposure)
or surveillance system. Reporting a workers’ compensation case can have
significant implications for the worker being evaluated. If the clinician is not
familiar with this system or is uncomfortable evaluating work-related health
events, it is important to seek an occupational medicine consultation or make
an appropriate referral.



At least six states have surveillance systems within their state health depart-
ments that cover both occupational and environmental pesticide poisonings: Cali-
fornia, Florida, New York, Oregon, Texas, and Washington. These surveillance
systems collect case reports on pesticide-related illness and injury from clinicians
and other sources; conduct selected interviews, field investigations, and research
projects; and function as a resource for pesticide information within their state. In
some states, as noted earlier, pesticide case reporting is legally mandated.



Regulatory Agencies
Since its formation in 1970, EPA has been the lead agency for the regula-



tion of pesticide use under the Federal Insecticide, Fungicide and Rodenticide
Act. EPA’s mandates include the registration of all pesticides used in the United
States, setting restricted entry intervals, specification and approval of label in-
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formation, and setting acceptable food and water tolerance levels. In addition,
EPA works in partnership with state and tribal agencies to implement two field
programs — the certification and training program for pesticide applicators
and the agricultural worker protection standard — to protect workers and
handlers from pesticide exposures. EPA sets national standards for certification
of over 1 million private and commercial pesticide applicators.



The authority to enforce EPA regulations is delegated to the states. For
example, calls concerning non-compliance with the worker protection stan-
dard can typically be made to the state agricultural department. In five states,
the department of the environment or other state agency has enforcement
authority. Anonymous calls can be made if workers anticipate possible retalia-
tory action by management. It should be noted that not all state departments of
agriculture have similar regulations. In California, for instance, employers are
required to obtain medical supervision and biological monitoring of agricul-
tural workers who apply pesticides containing cholinesterase-inhibiting com-
pounds. This requirement is not found in the federal regulations.



Outside the agricultural setting, the Occupational Safety and Health
Administration (OSHA) has jurisdiction over workplace exposures. All workers
involved in pesticide manufacturing would be covered by OSHA. OSHA sets
permissible exposure levels for selected pesticides. Approximately half the states
are covered by the federal OSHA; the rest have their own state-plan OSHA.
Individual state plans may choose to be more protective in setting their workplace
standards. Anonymous calls can also be made to either state-plan or federal
OSHA agencies.



For pesticide contamination in water, EPA sets enforceable maximum
containment levels. In food and drug-related outbreaks, EPA works jointly with
the Food and Drug Administration (FDA) and the U.S. Department of
Agriculture (USDA) to monitor and regulate pesticide residues and their
metabolites. Tolerance limits are established for many pesticides and their
metabolites in raw agricultural commodities.



In evaluating a patient with pesticide exposure, the clinician may need
to report a pesticide intoxication to the appropriate health and/or regulatory
agency.



Worker Protection Standard
EPA’s Worker Protection Standard (WPS) became fully effective in 1995.



The intent of the regulation is to eliminate or reduce pesticide exposure, mitigate
exposures that occur, and inform agricultural workers about the hazards of
pesticides. The WPS applies to two types of workers in the farm, greenhouse,
nursery, and forest industries: (1) agricultural pesticide handlers (mixer, loader,
applicator, equipment cleaner or repair person, and flagger), and (2) field workers
(cultivator or harvester).



The WPS includes requirements that agricultural employers notify workers
about pesticide treatments in advance, offer basic pesticide safety training, provide
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personal protective equipment for direct work with pesticides, and observe
restricted entry interval (REI) times. (The REI is a required waiting period before
workers can return to areas treated with pesticides.) Of special interest to health
care providers, the WPS also requires agricultural employers to:



• Post an emergency medical facility address and phone number in a
central location.



• Arrange immediate transport from the agricultural establishment to
a medical facility for a pesticide-affected worker.



• Supply the affected worker and medical personnel with product name,
EPA registration number, active ingredient, label medical information,
a description of how the pesticide was used, and exposure information.



Ethical Considerations
Attempts to investigate an occupational pesticide exposure may call for ob-



taining further information from the worksite manager or owner. Any contact
with the worksite should be taken in consultation with the patient because of the
potential for retaliatory actions (such as loss of job or pay cuts). Ideally, a request
for a workplace visit or more information about pesticide exposure at the work-
place will occur with the patient’s agreement. In situations where the health
hazard is substantial and many individuals might be affected, a call to a state
pesticide surveillance system (if available), agricultural health and safety center (if
nearby), can provide the National Institute for Occupational Safety and Health
(NIOSH) or state agricultural agency the assistance needed for a disease out-
break investigation.



Similarly, the discovery of pesticide contamination in a residence, school,
daycare setting, food product, or other environmental site or product can have
public health, financial, and legal consequences for the patient and other indi-
viduals (e.g., building owner, school district, food producer). It is prudent to
discuss these situations and follow-up options with the patient as well as a knowl-
edgeable environmental health specialist and appropriate state or local agencies.



Public Health Considerations
Health care providers are often the first to identify a sentinel health event that



upon further investigation develops into a full-blown disease outbreak. A disease
outbreak is defined as a statistically elevated rate of disease among a well-defined
population as compared to a standard population. For example,  complaints about
infertility problems among workers at a dibromochloropropane (DBCP) manufac-
turing plant in California led to diagnoses of azoospermia (lack of sperm) or oli-
gospermia (decreased sperm count) among a handful of otherwise healthy young
men working at the plant.7 An eventual disease outbreak investigation resulted in the
first published report of a male reproductive toxicant in the workplace. At the time,
DBCP was used as a nematocide; it has since been banned in the United States.



Disease outbreak investigations are conducted for all kinds of exposures
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and health events, not only those in the occupational and environmental area.
Usually, assistance from government or university experts is needed in the in-
vestigation, which may require access to information, expertise, and resources
beyond that available to the average clinician. The steps involved in such an
investigation and the types of information typically gathered in the preliminary
clinical stages are outlined below. The clinician must be aware that an outbreak
investigation may be needed when a severe and widespread exposure and dis-
ease scenario exists. For more information on disease outbreak investigations,
consult the literature.8, 9



STEPS IN INVESTIGATING A DISEASE OUTBREAK



• Confirm diagnosis of initial case reports (the “index” cases)



• Identify other unrecognized cases



• Establish a case definition



• Characterize cases by person, place, and time characteristics (e.g., age, race, ethnicity, gen-
der, location within a company or a neighborhood, timeline of exposure and health events)



• Create plot of case incidence by time (an epidemic curve)



• Determine if a dose-response relationship exists (i.e., more severe clinical case presen-
tation for individuals with higher exposures)



• Derive an attack rate and determine if statistical significance is achieved (divide num-
ber of incident cases by number of exposed individuals and multiply by 100 to obtain
attack rate percentage)



Information Resources



Government Agencies:



EPA Office of Pesticide Programs
Overall pesticide regulation with special programs on agricultural workers and
pesticide applicators. Specific programs include the promotion of the reduc-
tion of pesticide use, establishment of tolerance levels for food, and investiga-
tion of pesticide releases and exposure events.



Address: EPA – Office of Pesticide Programs
401 M Street SW (7501C)
Washington, DC 20460



Telephone: 703-305-7090
Web site: www.epa.gov/pesticides



EPA – Certification and Worker Protection Branch
Within the Office of Pesticide Programs, the Certification and Worker Protec-
tion Branch addresses worker-related pesticide issues and pesticide applicator
certification activities. Special emphasis is placed on the adequate training of
farm workers, pesticide applicators, and health care providers. Various training
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materials in several languages are available.



Address: EPA – OPP
401 M Street SW (7506C)
Washington, DC 20460



Telephone: 703-305-7666
Web site: www.epa.gov/pesticides/safety



Occupational Safety and Health Administration (OSHA)
More than 100 million workers and 6.5 million employers are covered under
the Occupational Safety and Health Act, which covers workers in pesticide
manufacturing as well as other industries. OSHA and its state partners have
approximately 2100 inspectors, plus investigators, standards writers, educators,
physicians, and other staff in over 200 offices across the country. OSHA sets
protective workplace standards, enforces the standards, and offers employers
and employees technical assistance and consultation programs. Note that some
states have their own OSHA plan.



Address: OSHA – US DOL
Room N3647
Constitution Ave NW
Washington, DC 20210



Telephone: 202-219-8021
Web site: www.osha.gov



Food and Drug Administration (FDA)
Drug and food pesticide issues.
Address: FDA



National Center for Toxicological Research
5600 Fishers Lane
Rockville, MD 20857



Telephone: 301-443-3170
Internet: gopher.nctr.fda.gov



USDA Extension Service
USDA’s Extension Service works with its university partners, the state land-
grant system, to provide farmers and ranchers information to reduce and
prevent agricultural-related work incidents. The Pesticide Applicator Training
program trains applicators in the safe use of pesticides and coordinates
pesticide-related safety training programs.



Address: USDA
14th & Independence SW
Washington, DC 20250



Telephone: 202-720-2791
Web site: www.reeusda.gov
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National Center for Environmental Health (NCEH),
Centers for Disease Control (CDC)
NCEH provides expertise in environmental pesticide case surveillance and dis-
ease outbreak investigations.



Address: NCEH, CDC
Mailstop F29
4770 Buford Highway NE
Atlanta, GA 30341



Tel: 770-488-7030
Web site: www.cdc.gov/nceh/ncehhome.htm



National Institute for Occupational Safety and Health (NIOSH),
Centers for Disease Control (CDC)
NIOSH is the federal agency responsible for conducting research on occupational
disease and injury. NIOSH may investigate potentially hazardous working condi-
tions upon request, makes recommendations on preventing workplace disease and
injury, and provides training to occupational safety and health professionals.



Address: NIOSH
Humphrey Building, Room 715H
200 Independence Ave SW
Washington, DC 20201



Hotline: 1-800-356-4674
Web site: www.cdc.gov/niosh/homepage.html



NIOSH Agricultural Health and Safety Centers
NIOSH has funded eight Agricultural Health and Safety Centers throughout
the country which involve clinicians and other health specialists in the area of
pesticide-related illness and injury. The NIOSH-supported centers are:



University of California Agricultural
Health and Safety Center
Old Davis Road
University of California
Davis, CA 95616
Tel: 916-752-4050



High Plains Intermountain Center
for Agricultural Health and Safety
Colorado State University
Fort Collins, CO 80523
Tel: 970-491-6152



Great Plains Center for Agricultural
Health
University of Iowa
Iowa City, IA 52242
Tel: 319-335-4415



Southeast Center for Agricultural
Health and Injury Prevention
University of Kentucky
Department of Preventive Medicine
Lexington, KY 40536
Tel: 606-323-6836
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Non-Governmental Organizations:



National Pesticide Telecommunications Network
The National Pesticide Telecommunications Network (NPTN) is based at
Oregon State University and is cooperatively sponsored by the University and
EPA. NPTN serves as a source of objective, science-based pesticide informa-
tion on a wide range of pesticide-related topics, such as recognition and man-
agement of pesticide poisonings, safety information, health and environmental
effects, referrals for investigation of pesticide incidents and emergency treat-
ment for both humans and animals, and cleanup and disposal procedures.



A toll-free telephone service provides pesticide information to callers in
the continental United States, Puerto Rico, and the Virgin Islands. Additionally,
pesticide questions and comments can be sent to an e-mail address. The Web
site has links to other sites and databases for further information.



NPTN hotline: 1-800-858-7378
Hours of operation: 9:30 am – 7:30 pm E.S.T. daily except holidays
Web site: http://ace.orst.edu/info/nptn/
E-mail address: nptn@ace.orst.edu



Farmworker Justice Fund
The Farmworker Justice Fund can provide an appropriate referral to a network of
legal services and nonprofit groups which represent farmworkers for free.



Address: Farmworker Justice Fund
1111 19th Street, NW, Suite 1000
Washington, DC 20036



Telephone: 202-776-1757
E-mail address: fjf@nclr.org



Northeast Center for Agricultural
and Occupational Health
One Atwell Road
Cooperstown, NY 13326
Tel: 607-547-6023



Southwest Center for Agricultural
Health, Injury and Education
University of Texas
Health Center at Tyler
PO Box 2003
Tyler, TX 75710
Tel: 903-877-5896



Pacific Northwest Agricultural Safety
and Health Center
University of Washington
Department of Environmental Health
Seattle, WA 98195
Tel: 206-543-0916



Midwest Center for Agricultural
Research, Education and Disease and
Injury Prevention
National Farm Medicine Center
Marshfield, WI 54449-5790
Tel: 715-389-3415











 •  31
ENVIRONMENTAL AND
OCCUPATIONAL HISTORY



American Farm Bureau Federation
The AFBF is the nation’s largest general farm organization. Information on how
to contact individual state-based farm bureaus is available on their Web site.



Web site: www.fb.com



Association of Occupational and Environmental Clinics (AOEC)
This association is a network of 63 clinics representing more than 250 specialists.



Address: AOEC
1010 Vermont Ave, NW, Suite 513
Washington, DC 20005



Telephone: 202-347-4976
Web site: http://152.3.65.120/oem/aoec.htm



Poison Control Centers
For a list of state and regional poison control centers, or the nearest location,
consult the NPTN Web site (http://ace.orst.edu/info/nptn).



Pesticide Information Databases:



Extension Toxicology Network (EXTOXNET)
http://ace.ace.orst.edu/info/extoxnet
The Extension Service’s Toxicology Network, EXTOXNET, provides science-
based information about pesticides to health care providers treating pesticide-
related health concerns. Pesticide toxicological information is developed
cooperatively by the University of California-Davis, Oregon State University,
Michigan State University, Cornell University, and the University of Idaho.



IRIS
www.epa.gov/ngispgm3/iris
The Integrated Risk Information System – IRIS – is an electronic database, main-
tained by EPA, on human health effects that may result from exposure to various
chemicals in the environment. IRIS is intended for those without extensive training
in toxicology, but with some knowledge of health sciences. It provides hazard iden-
tification and dose-response assessment information. Combined with specific expo-
sure information, the data in IRIS can be used for characterization of the public
health risks of a chemical in a particular situation that can lead to a risk management
decision designed to protect public health. Extensive supporting documentation
available online.
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Agency for Toxic Substances and Disease Registry
http://atsdr1.atsdr.cdc.gov:8080/toxfaq.html
ATSDR (part of the Department of Human Health and Services) publishes
fact sheets and other information on pesticides and other toxic substances.



California Pesticide Databases
http://www.cdpr.ca.gov/docs/database/database.htm
Includes Pesticidal Chemical Ingredients Queries, links to EPA’s Officeof Pesticide
Programs chemical dictionary, Product/Label Database Queries (updated nightly),
a current listing of California’s Section 18 Emergency Exemptions, and more.
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CHAPTER 4



Organophosphate Insecticides



Since the removal of organochlorine insecticides from use, organophosphate
insecticides have become the most widely used insecticides available today. More
than forty of them are currently registered for use and all run the risk of acute
and subacute toxicity. Organophosphates are used in agriculture, in the home,
in gardens, and in veterinary practice. All apparently share a common mecha-
nism of cholinesterase inhibition and can cause similar symptoms. Because they
share this mechanism, exposure to the same organophosphate by multiple routes
or to multiple organophosphates by multiple routes can lead to serious additive
toxicity. It is important to understand, however, that there is a wide range of
toxicity in these agents and wide variation in cutaneous absorption, making
specific identification and management quite important.



Toxicology



Organophosphates poison insects and mammals primarily by phosphory-
lation of the acetylcholinesterase enzyme (AChE) at nerve endings. The result
is a loss of available AChE so that the effector organ becomes overstimulated by
the excess acetylcholine (ACh, the impulse-transmitting substance) in the nerve
ending. The enzyme is critical to normal control of nerve impulse transmission
from nerve fibers to smooth and skeletal muscle cells, glandular cells, and
autonomic ganglia, as well as within the central nervous system (CNS). Some
critical proportion of the tissue enzyme mass must be inactivated by phospho-
rylation before symptoms and signs of poisoning become manifest.



At sufficient dosage, loss of enzyme function allows accumulation of ACh
peripherally at cholinergic neuroeffector junctions (muscarinic effects), skeletal
nerve-muscle junctions, and autonomic ganglia (nicotinic effects), as well as
centrally. At cholinergic nerve junctions with smooth muscle and gland cells,
high ACh concentration causes muscle contraction and secretion, respectively.
At skeletal muscle junctions, excess ACh may be excitatory (cause muscle twitch-
ing), but may also weaken or paralyze the cell by depolarizing the end-plate. In
the CNS, high ACh concentrations cause sensory and behavioral disturbances,
incoordination, depressed motor function, and respiratory depression. Increased
pulmonary secretions coupled with respiratory failure are the usual causes of
death from organophosphate poisoning. Recovery depends ultimately on gen-
eration of new enzyme in all critical tissues.



HIGHLIGHTS



• Acts through
phosphorylation of the
acetylcholinesterase enzyme
at nerve endings



• Absorbed by inhalation,
ingestion, and skin
penetration



• Muscarinic, nicotinic & CNS
effects



Signs and Symptoms:



• Headache, hypersecretion,
muscle twitching, nausea,
diarrhea



• Respiratory depression,
seizures, loss of
consciousness



• Miosis is often a helpful
diagnostic sign



Treatment:



• Clear airway, improve tissue
oxygenation



• Administer atropine sulfate
intravenously



• Pralidoxime may be
indicated



• Proceed concurrently with
decontamination



Contraindicated:



• Morphine, succinylcholine,
theophylline,
phenothiazines, reserpine
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acephate
Orthene



azinphos-methyl+



Gusathion
Guthion



bensulide
Betasan
Lescosan



bomyl+



Swat
bromophos



Nexion
bromophos-ethyl



Nexagan
cadusafos



Apache
Ebufos
Rugby



carbophenothion+



Trithion
chlorethoxyfos



Fortress
chlorfenvinphos



Apachlor
Birlane



chlormephos+



Dotan
chlorphoxim



Baythion-C
chlorpyrifos



Brodan
Dursban
Lorsban



chlorthiophos+



Celathion
coumaphos+



Asuntol
Co-Ral



crotoxyphos
Ciodrin
Cypona



crufomate
Ruelene



cyanofenphos+



Surecide
cyanophos



Cyanox
cythioate



Cyflee
Proban



DEF
De-Green
E-Z-Off D



demeton+



systox
demeton-S-methyl



Duratox
MetasystoxI



dialifor+



Torak
diazinon
dichlorofenthion



VC-13 Nemacide
dichlorvos



DDVP
Vapona



dicrotophos+



Bidrin
dimefos+



Hanane
Pestox XIV



dimethoate
Cygon
DeFend



dioxathion+



Delnav
disulfoton+



Disyston
ditalimfos
edifenphos
endothion+



EPBP
S-Seven



EPN+



ethion
Ethanox



ethoprop
Mocap



ethyl parathion+



E605
Parathion
thiophos



etrimfos
Ekamet



famphur+



Bash
Bo-Ana
Famfos



fenamiphos+



Nemacur
fenitrothion



Accothion
Agrothion
Sumithion



fenophosphon+



Agritox
trichloronate



fensulfothion+



Dasanit
fenthion



Baytex
Entex
Tiguvon



fonofos+



Dyfonate
N-2790



formothion
Anthio



fosthietan+



Nem-A-Tak
heptenophos



Hostaquick
hiometon



Ekatin



hosalone
Zolone



IBP
Kitazin



iodofenphos
Nuvanol-N



isazofos
Brace
Miral
Triumph



isofenphos+



Amaze
Oftanol



isoxathion
E-48
Karphos



leptophos
Phosvel



malathion
Cythion



mephosfolan+



Cytrolane
merphos



Easy off-D
Folex



methamidophos+



Monitor
methidathion+



Supracide
Ultracide



methyl parathion+



E 601
Penncap-M



methyl trithion
mevinphos+



Duraphos
Phosdrin



mipafox+



Isopestox
Pestox XV



monocrotophos+



Azodrin
naled



Dibrom
oxydemeton-methyl



Metasystox-R
oxydeprofos



Metasystox-S
phencapton



G 28029
phenthoate



dimephenthoate
Phenthoate



phorate+



Rampart
Thimet



phosalone
Azofene
Zolone



phosfolan+



Cylan
Cyolane



phosmet
Imidan
Prolate



phosphamidon+



Dimecron
phostebupirim



Aztec
phoxim



 Baythion
pirimiphos-ethyl



Primicid
pirimiphos-methyl



Actellic
profenofos



Curacron
propetamphos



Safrotin
propyl thiopyro-
phosphate+



Aspon
prothoate



Fac
pyrazophos



Afugan
Curamil



pyridaphenthion
Ofunack



quinalphos
Bayrusil



ronnel
Fenchlorphos
Korlan



schradan+



OMPA
sulfotep+



Bladafum
Dithione
Thiotepp



sulprofos
Bolstar
Helothion



temephos
Abate
Abathion



terbufos
Contraven
Counter



tetrachlorvinphos
Gardona
Rabon



tetraethyl pyrophos-
phate+



TEPP
triazophos



Hostathion
trichlorfon



Dipterex
Dylox
Neguvon
Proxol



COMMERCIAL PRODUCTS



+ Indicates high toxicity. Highly
toxic organophosphates have
listed oral LD50 values (rat) less
than or equal to 50 mg/kg body
weight. Most other organo-
phosphates included in this table
are considered moderately toxic,
with LD50 values in excess of 50
mg/kg and less than 500 mg/kg.
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Organophosphates are efficiently absorbed by inhalation, ingestion, and skin
penetration. There is considerable variation in the relative absorption by these
various routes. For instance, the oral LD



50
 of parathion in rats is between 3-8 mg/



kg, which is quite toxic,1,2 and essentially equivalent to dermal absorption with
an LD50 of 8 mg/kg.2 On the other hand, the toxicity of phosalone is much
lower from the dermal route than the oral route, with rat LD



50
s of 1500 mg/kg



and 120 mg/kg, respectively.2 In general, the highly toxic agents are more likely
to have high-order dermal toxicity than the moderately toxic agents.



Chemical Classes: To some degree, the occurrence of poisoning depends
on the rate at which the pesticide is absorbed. Breakdown occurs chiefly by
hydrolysis in the liver; rates of hydrolysis vary widely from one compound to
another. In the case of certain organophosphates whose breakdown is relatively
slow, significant temporary storage in body fat may occur. Some organophos-
phates such as diazinon and methyl parathion have significant lipid solubility,
allowing fat storage with delayed toxicity due to late release.3 Delayed toxicity
may also occur atypically with other organophosphates, specifically
dichlorofenthion and demeton-methyl.4 Many organothiophosphates readily
undergo conversion from thions (P=S) to oxons (P=O). Conversion occurs in
the environment under the influence of oxygen and light, and in the body,
chiefly by the action of liver microsomes. Oxons are much more toxic than
thions, but oxons break down more readily. Ultimately, both thions and oxons
are hydrolyzed at the ester linkage, yielding alkyl phosphates and leaving groups,
both of which are of relatively low toxicity.  They are either excreted or further
transformed in the body before excretion.



The distinction between the different chemical classes becomes important
when the physician interprets tests from reference laboratories. This can be espe-
cially important when the lab analyzes for the parent compound (i.e., chlorpyrifos
in its thiophosphate form) instead of the metabolite form (chlorpyrifos will be
completely metabolized to the oxon after the first pass through the liver).



Within one or two days of initial organophosphate binding to AChE, some
phosphorylated acetylcholinesterase enzyme can be de-phosphorylated (reac-
tivated) by the oxime antidote pralidoxime. As time progresses, the enzyme-
phosphoryl bond is strengthened by loss of one alkyl group from the phosphoryl
adduct, a process called aging. Pralidoxime reactivation is therefore no longer
possible after a couple of days,5 although in some cases, improvement has still
been seen with pralidoxime administration days after exposure.6



OPIDN: Rarely, certain organophosphates have caused a different kind of
neurotoxicity consisting of damage to the afferent fibers of peripheral and cen-
tral nerves and associated with inhibition of  “neuropathy target esterase” (NTE).
This delayed syndrome has been termed organophosphate-induced delayed
neuropathy (OPIDN), and is manifested chiefly by weakness or paralysis and
paresthesia of the extremities.7 OPIDN predominantly affects the legs and may
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persist for weeks to years. These rare occurrences have been found shortly after
an acute and often massive exposure, but in some cases, symptoms have per-
sisted for months to years. Only a few of the many organophosphates used as
pesticides have been implicated as causes of delayed neuropathy in humans.
EPA guidelines require that organophosphate and carbamate compounds which
are candidate pesticides be tested in susceptible animal species for this neuro-
toxic property.



Three epidemiologic studies with an exposed group and a control group
also suggest that a proportion of patients acutely poisoned from any organo-
phosphate can experience some long-term neuropsychiatric sequelae. The
findings show significantly worse performance on a battery of neurobehavioral
tests, including memory, concentration, and mood, and compound-specific
peripheral neuropathy in some cases. These findings are subtle and may some-
times be picked up only on neuropsychologic testing rather than on a neuro-
logic exam.8-10 Follow-ups of case series have occasionally found some
individuals reporting persistent headaches, blurred vision, muscle weakness,
depression, memory and concentration problems, irritability, and/or develop-
ment of intolerance to selected chemical odors.11-15



Intermediate Syndrome: In addition to acute poisoning episodes and
OPIDN, an intermediate syndrome has been described. This syndrome occurs
after resolution of the acute cholinergic crisis, generally 24-96 hours after ex-
posure. It is characterized by acute respiratory paresis and muscular weakness,
primarily in the facial, neck, and proximal limb muscles. In addition, it is often
accompanied by cranial nerve palsies and depressed tendon reflexes. Like OPIDN,
this syndrome lacks muscarinic symptomatology, and appears to result from a
combined pre- and post-synaptic dysfunction of neuromuscular transmission.
Symptoms do not respond well to atropine and oximes; therefore treatment is
mainly supportive.16,17 The most common compounds involved in this syn-
drome are methyl parathion, fenthion, and dimethoate, although one case with
ethyl parathion was also observed.17



Other specific properties of individual organophosphates may render them
more hazardous than basic toxicity data suggest. By-products can develop in long-
stored malathion which strongly inhibit the hepatic enzymes operative in malathion
degradation, thus enhancing its toxicity. Certain organophosphates are exception-
ally prone to storage in fat tissue, prolonging the need for antidote for several days
as stored pesticide is released back into the circulation.  Animal studies have demon-
strated potentiation of effect when two or more organophosphates are absorbed
simultaneously; enzymes critical to the degradation of one are inhibited by the
other.  Animal studies have also demonstrated a protective effect from phenobar-
bital which induces hepatic degradation of the pesticide.1 Degradation of some
compounds to a trimethyl phosphate can cause restrictive lung disease.18
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Signs and Symptoms of Poisoning



Symptoms of acute organophosphate poisoning develop during or after
exposure, within minutes to hours, depending on the method of contact. Ex-
posure by inhalation results in the fastest appearance of toxic symptoms, fol-
lowed by the gastrointestinal route and finally the dermal route. All signs and
symptoms are cholinergic in nature and affect muscarinic, nicotinic, and central
nervous system receptors.5 The critical symptoms in management are the respi-
ratory symptoms. Sufficient muscular fasciculations and weakness are often
observed as to require respiratory support; respiratory arrest can occur sud-
denly. Likewise, bronchorrhea and bronchospasm may often impede efforts at
adequate oxygenation of the patient.



Bronchospasm and bronchorrhea can occur, producing tightness in the
chest, wheezing, productive cough, and pulmonary edema. A life threatening
severity of poisoning is signified by loss of consciousness, incontinence, con-
vulsions, and respiratory depression. The primary cause of death is respiratory
failure, and there usually is a secondary cardiovascular component. The classic
cardiovascular sign is bradycardia which can progress to sinus arrest. However,
this may be superseded by tachycardia and hypertension from nicotinic (sym-
pathetic ganglia) stimulation.19 Toxic myocardiopathy has been a prominent
feature of some severe organophosphate poisonings.



Some of the most commonly reported early symptoms include headache,
nausea, dizziness, and hypersecretion, the latter of which is manifested by sweat-
ing, salivation, lacrimation, and rhinorrhea. Muscle twitching, weakness, tremor,
incoordination, vomiting, abdominal cramps, and diarrhea all signal worsening of
the poisoned state. Miosis is often a helpful diagnostic sign and the patient may
report blurred and/or dark vision. Anxiety and restlessness are prominent, as are a
few reports of choreaform movements. Psychiatric symptoms including depres-
sion, memory loss, and confusion have been reported. Toxic psychosis, manifested
as confusion or bizarre behavior, has been misdiagnosed as alcohol intoxication.



Children will often present with a slightly different clinical picture than adults.
Some of the typical cholinergic signs of bradycardia, muscular fasciculations, lac-
rimation, and sweating were less common. Seizures (22%-25%) and mental status
changes including lethargy and coma (54%-96%) were common.20, 21 In com-
parison, only 2-3% of adults present with seizures. Other common presenting
signs in children include flaccid muscle weakness, miosis, and excessive salivation.
In one study, 80% of cases were transferred with the wrong preliminary diagno-
sis.20 In a second study, 88% of the parents initially denied any exposure history. 21



See the preceding Toxicology section for information regarding the fea-
tures of the intermediate syndrome and OPIDN.
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Confirmation of Poisoning



If poisoning is probable, treat the patient immediately. Do not wait
for laboratory confirmation.



Blood samples should be drawn to measure plasma pseudocholinesterase
and red blood cell AChE levels. Depressions of plasma pseudocholinesterase
and/or RBC acetylcholinersterase enzyme activities are generally available bio-
chemical indicators of excessive organophosphate absorption. Certain organo-



APPROXIMATE LOWER LIMITS OF NORMAL PLASMA
AND RED CELL CHOLINESTERASE ACTIVITIES IN HUMANS*



Methods Plasma RBC Blood Whole units



pH (Michel) 0.45 0.55 ∆pH per mL per hr



pH Stat (Nabb-Whitfield) 2.3 8.0 µM per mL per min



BMC Reagent Set
(Ellman-Boehringer) 1,875 3,000 mU per mL per min



Dupont ACA <8 Units per mL



Garry-Routh (Micro) Male 7.8 µM-SH per 3mL per min
Female 5.8



Technicon 2.0 8.0 µM per mL per min



* Because measurement technique varies among laboratories, more accurate estimates of
minimum normal values are usually provided by individual laboratories.



phosphates may selectively inhibit either plasma pseudocholinesterase or RBC
acetylcholinesterase.22 A minimum amount of organophosphate must be ab-
sorbed to depress blood cholinesterase activities, but enzyme activities, espe-
cially plasma pseudocholinesterase, may be lowered by dosages considerably
less than are required to cause symptomatic poisoning. The enzyme depression
is usually apparent within a few minutes or hours of significant absorption of
organophosphate. Depression of the plasma enzyme generally persists several
days to a few weeks. The RBC enzyme activity may not reach its minimum for
several days, and usually remains depressed longer, sometimes 1-3 months, until
new enzyme replaces that inactivated by organophosphate. The above table
lists approximate lower limits of normal plasma and RBC cholinesterase activi-
ties of human blood, measured by several methods. Lower levels usually in-
dicate excessive absorption of a cholinesterase-inhibiting chemical.
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In certain conditions, the activities of plasma and RBC cholinesterase are
depressed in the absence of chemical inhibition. About 3% of individuals have
a genetically determined low level of plasma pseudocholinesterase. These
persons are particularly vulnerable to the action of the muscle-paralyzing drug
succinylcholine (often administered to surgical patients), but not to organo-
phosphates. Patients with hepatitis, cirrhosis, malnutrition, chronic alcoholism,
and dermatomyositis exhibit low plasma cholinesterase activities. A number of
toxicants, notably cocaine, carbon disulfide, benzalkonium salts, organic mer-
cury compounds, ciguatoxins, and solanines may reduce plasma pseudocho-
linesterase activity. Early pregnancy, birth control pills, and metoclopramide
may also cause some depression. The RBC acetylcholinesterase is less likely
than the plasma enzyme to be affected by factors other than organophosphates.
It is, however, reduced in certain rare conditions that damage the red cell mem-
brane, such as hemolytic anemia.



The alkyl phosphates and phenols to which organophosphates are hydro-
lyzed in the body can often be detected in the urine during pesticide absorp-
tion and up to about 48 hours thereafter. These analyses are sometimes useful in
identifying and quantifying the actual pesticide to which workers have been
exposed. Urinary alkyl phosphate and phenol analyses can demonstrate orga-
nophosphate absorption at lower dosages than those required to depress cho-
linesterase activities and at much lower dosages than those required to produce
symptoms and signs. Their presence may simply be a result of organophos-
phates in the food chain.



Detection of intact organophosphates in the blood is usually not possible
except during or soon after absorption of a substantial amount. In general,
organophosphates do not remain unhydrolyzed in the blood for more than a
few minutes or hours, unless the quantity absorbed is large or the hydrolyzing
liver enzymes are inhibited.



Treatment



Caution: Persons attending the victim should avoid direct contact with heavily contami-
nated clothing and vomitus. Wear rubber gloves while washing pesticide from skin and
hair. Vinyl gloves provide no protection.



1. Airway protection. Ensure that a clear airway exists. Intubate the patient
and aspirate the secretions with a large-bore suction device if necessary.
Administer oxygen by mechanically assisted pulmonary ventilation if respiration
is depressed. Improve tissue oxygenation as much as possible before
administering atropine, so as to minimize the risk of ventricular
fibrillation. In severe poisonings, it may be necessary to support pulmonary
ventilation mechanically for several days.
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2. Atropine sulfate. Administer atropine sulfate intravenously, or intramuscu-
larly if intravenous injection is not possible. Remember that atropine can be
administered through an endotracheal tube if initial IV access is difficult to
obtain. Depending on the severity of poisoning, doses of atropine ranging from
very low to as high as 300 mg per day may be required,23 or even continuous
infusion.24,25 (See dosage on next page.)



The objective of atropine antidotal therapy is to antagonize the effects of
excessive concentrations of acetylcholine at end-organs having muscarinic re-
ceptors. Atropine does not reactivate the cholinesterase enzyme or accelerate
disposition of organophosphate. Recrudescence of poisoning may occur if tis-
sue concentrations of organophosphate remain high when the effect of atro-
pine wears off. Atropine is effective against muscarinic manifestations, but it is
ineffective against nicotinic actions, specifically muscle weakness and twitch-
ing, and respiratory depression.



Despite these limitations, atropine is often a life-saving agent in organophos-
phate poisonings. Favorable response to a test dose of atropine (1 mg in adults,
0.01 mg/kg in children under 12 years) can help differentiate poisoning by anti-
cholinesterase agents from other conditions. However, lack of response, with no
evidence of atropinization (atropine refractoriness) is typical of more severe poi-
sonings. The adjunctive use of nebulized atropine has been reported to improve
respiratory distress, decrease bronchial secretions, and increase oxygenation.26



3. Glycopyrolate has been studied as an alternative to atropine and found to
have similar outcomes using continuous infusion. Ampules of 7.5 mg of
glycopyrolate were added to 200 mL of saline and this infusion was titrated to the
desired effects of dry mucous membranes and heart rate above 60 beats/min.
During this study, atropine was used as a bolus for a heart rate less than 60 beats/
min. The other apparent advantage to this regimen was a decreased number of
respiratory infections. This may represent an alternative when there is a concern
for respiratory infection due to excessive and difficult to control secretions, and in
the presence of altered level of consciousness where the distinction between
atropine toxicity or relapse of organophosphate poisoning is unclear.27



4. Pralidoxime. Before administration of pralidoxime, draw a blood sample
(heparinized) for cholinesterase analysis (since pralidoxime tends to reverse the
cholinesterase depression). Administer pralidoxime (Protopam, 2-PAM) a cho-
linesterase reactivator, in cases of severe poisoning by organophosphate pesti-
cides in which respiratory depression, muscle weakness, and/or twitching are
severe. (See dosage table on page 43.) When administered early (usually less
than 48 hours after poisoning), pralidoxime relieves the nicotinic as well as the
muscarinic effects of poisoning. Pralidoxime works by reactivating the cho-
linesterase and also by slowing the “aging” process of phosphorylated cho-
linesterase to a non-reactivatable form.



Note: Pralidoxime is of limited value and may actually be hazardous in poi-
sonings by the cholinesterase-inhibiting carbamate compounds (see Chapter 5).
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Dosage of Atropine:



In moderately severe poisoning (hypersecretion and other end-organ
manifestations without central nervous system depression), the follow-
ing dosage schedules have been used:



• Adults and children over 12 years: 2.0-4.0 mg, repeated every 15 min-
utes until pulmonary secretions are controlled, which may be ac-
companied by other signs of atropinization, including flushing, dry
mouth, dilated pupils, and tachycardia (pulse of 140 per minute).
Warning: In cases of ingestion of liquid concentrates of organo-
phosphate pesticides, hydrocarbon aspiration may complicate these
poisonings. Pulmonary edema and poor oxygenation in these cases
will not respond to atropine and should be treated as a case of acute
respiratory distress syndrome.



• Children under 12 years: 0.05-0.1 mg/kg body weight, repeated ev-
ery 15 minutes until atropinization is achieved. There is a minimum
dose of 0.1 mg in children. Maintain atropinization by repeated
doses based on recurrence of symptoms for 2-12 hours or longer
depending on severity of poisoning.



Maintain atropinization with repeated dosing as indicated by clinical
status. Crackles in the lung bases nearly always indicate inadequate
atropinization. Pulmonary improvement may not parallel other signs
of atropinization. Continuation of, or return of, cholinergic signs indi-
cates the need for more atropine. When symptoms are stable for as
much as six hours, the dosing may be decreased.



Severely poisoned individuals may exhibit remarkable tolerance to at-
ropine; two or more times the dosages suggested above may be needed.
The dose of atropine may be increased and the dosing interval de-
creased as needed to control symptoms. Continuous intravenous infu-
sion of atropine may be necessary when atropine requirements are
massive. The desired end-point is the reversal of muscarinic
symptoms and signs with improvement in pulmonary status
and oxygenation, without an arbitrary dose limit. Preservative-free
atropine products should be used whenever possible.



Note: Persons not poisoned or only slightly poisoned by organophos-
phates may develop signs of atropine toxicity from such large doses.
Fever, muscle fibrillations, and delirium are the main signs of atropine
toxicity. If these appear while the patient is fully atropinized, atropine
administration should be discontinued, at least temporarily, while the
severity of poisoning is reevaluated.
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Dosage of Pralidoxime:



• Adults and children over 12 years: 1.0-2.0 g by intravenous infusion at a
rate of no more than 0.2 g per minute. Slow administration of pralidoxime
is strongly recommended and may be achieved by administering the
total dose in 100 mL of normal saline over 30 minutes, or longer.



• Children under 12 years: 20-50 mg/kg body weight (depending on
severity of poisoning) intravenously, mixed in 100 mL of normal
saline and infused over 30 minutes.



Dosage of pralidoxime may be repeated in 1-2 hours, then at 10-12 hour inter-
vals if needed. In very severe poisonings, dosage rates may be doubled. Repeated
doses of pralidoxime are usually required. In cases that involve continuing ab-
sorption of organophosphate (as after ingestion of large amount), or continuing
transfer of highly lipophilic organophosphate from fat into blood, it may be nec-
essary to continue administration of pralidoxime for several days beyond the 48
hour post-exposure interval usually cited as the limit of its effectiveness. Pralidoxime
may also be given as a continuous infusion of approximately 500 mg/hour based
on animal case studies and adult patient reports.28,29



Blood pressure should be monitored during administration because of the
occasional occurrence of hypertensive crisis. Administration should be slowed
or stopped if blood pressure rises to hazardous levels. Be prepared to assist
pulmonary ventilation mechanically if respiration is depressed during or after
pralidoxime administration. If intravenous injection is not possible, pralidoxime
may be given by deep intramuscular injection.



5. Skin decontamination. In patients who have been poisoned by organo-
phosphate contamination of skin, clothing, hair, and/or eyes, decontamination
must proceed concurrently with whatever resuscitative and antidotal measures
are necessary to preserve life. Flush the chemical from the eyes with copious
amounts of clean water. If no symptoms are evident in a patient who remains
alert and physically stable, a prompt shower and shampoo may be appropriate,
provided the patient is carefully observed to insure against any sudden appear-
ance of poisoning. If there are any indications of weakness, ataxia, or other
neurologic impairment, clothing should be removed and a complete bath and
shampoo given while the victim is recumbent, using copious amounts of soap
and water. Attendants should wear rubber gloves as vinyl provides no protec-
tion against skin absorption. Surgical green soap is excellent for this purpose,
but ordinary soap is about as good. Wash the chemical from skin folds and from
under fingernails.
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Contaminated clothing should be promptly removed, bagged, and laundered
before returning. Contaminated leather shoes should be discarded. Note that the
pesticide can contaminate the inside surfaces of gloves, boots, and headgear.



6. Gastrointestinal decontamination. If organophosphate has been ingested
in quantity probably sufficient to cause poisoning, consideration should be given
to gastrointestinal decontamination, as outlined in Chapter 2, General Prin-
ciples. If the patient has already vomited, which is most likely in serious expo-
sures, further efforts at GI decontamination may not be indicated. In significant
ingestions, diarrhea and/or vomiting are so constant that charcoal adsorption
and catharsis are not indicated.



7. Observation. Observe patient closely for at least 72 hours to ensure that
symptoms (sweating, visual disturbances, vomiting, diarrhea, chest and abdomi-
nal distress, and sometimes pulmonary edema) do not recur as atropinization is
withdrawn. In very severe poisonings by ingested organophosphates, particu-
larly the more lipophilic and slowly hydrolyzed compounds, metabolic dispo-
sition of toxicant may require as many as 5-14 days. In some cases, this slow
elimination may combine with profound cholinesterase inhibition to require
atropinization for several days or even weeks. As dosage is reduced, the lung
bases should be checked frequently for crackles. If crackles are heard, or if there
is a return of miosis, bradycardia, sweating, or other cholinergic signs, atropin-
ization must be re-established promptly.



8. Furosemide may be considered if pulmonary edema persists in the lungs
even after full atropinization. It should not be used until the maximum benefit of
atropine has been realized. Consult package insert for dosage and administration.



9. Pulmonary ventilation. Particularly in poisonings by large ingested doses
of organophosphate, monitor pulmonary ventilation carefully, even after recov-
ery from muscarinic symptomatology, to forestall respiratory failure. In some
cases, respiratory failure has developed several days following organophosphate
ingestion, and has persisted for days to weeks.



10. Hydrocarbon aspiration may complicate poisonings that involve inges-
tion of liquid concentrates of organophosphate pesticides. Pulmonary edema
and poor oxygenation in these cases will not respond to atropine and should be
treated as a case of acute respiratory distress syndrome.



11. Cardiopulmonary monitoring. In severely poisoned patients, monitor
cardiac status by continuous ECG recording. Some organophosphates have sig-
nificant cardiac toxicity.
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12. Seizure control. Rarely, in severe organophosphate poisonings, convul-
sions occur despite therapy with atropine and pralidoxime. Insure that causes
unrelated to pesticide toxicity are not responsible: head trauma, cerebral anoxia,
or mixed poisoning. Drugs useful in controlling convulsions are discussed in
Chapter 2. The benzodiazepines (diazepam or lorazepam) are the agents of
choice as initial therapy.



13. Contraindications. The following drugs are contraindicated in nearly all
organophosphate poisoning cases: morphine, succinylcholine, theophylline,
phenothiazines, and reserpine. Adrenergic amines should be given only if there
is a specific indication, such as marked hypotension.



14. Re-exposures. Persons who have been clinically poisoned by organo-
phosphate pesticides should not be re-exposed to cholinesterase-inhibiting
chemicals until symptoms and signs have resolved completely and blood cho-
linesterase activities have returned to at least 80 percent of pre-poisoning levels.
If blood cholinesterase was not measured prior to poisoning, blood enzyme
activities should reach at least minimum normal levels (see table on page 39)
before the patient is returned to a pesticide-contaminated environment.



15. Do not administer atropine or pralidoxime prophylactically to workers
exposed to organophosphate pesticides. Prophylactic dosage with either atropine
or pralidoxime may mask early signs and symptoms of organophosphate poison-
ing and thus allow the worker to continue exposure and possibly progress to
more severe poisoning. Atropine itself may enhance the health hazards of the
agricultural work setting: impaired heat loss due to reduced sweating and im-
paired ability to operate mechanical equipment due to blurred vision.This can
be caused by mydriasis, one of the effects of atropine.



General Chemical Structure



R is usually either ethyl or methyl. The insecticides with a double bonded sulfur are
organothiophosphates, but are converted to organophosphates in the liver. Phosphonate
contains an alkyl (R-) in place of one alkoxy group (RO-). “X” is called the “leaving
group” and is the principal metabolite for a specific identification.
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CHAPTER 5



N-Methyl Carbamate
Insecticides



N-Methyl carbamate insecticides are widely used in homes, gardens, and agri-
culture. They share with organophosphates the capacity to inhibit cholinest-
erase enzymes and therefore share similar symptomatology during acute and
chronic exposures. Likewise, exposure can occur by several routes in the same
individual due to multiple uses, and there is likely to be additive toxicity with
simultaneous exposure to organophosphates. However, due to the somewhat
different affinity for cholinesterases, as compared to organophosphates, these
poisonings are often somewhat easier to treat, as discussed later in this chapter.



Toxicology



The N-methyl carbamate esters cause reversible carbamylation of the ace-
tylcholinesterase enzyme, allowing accumulation of acetylcholine, the
neuromediator substance, at parasympathetic neuroeffector junctions (muscar-
inic effects), at skeletal muscle myoneural junctions and autonomic ganglia (nico-
tinic effects), and in the brain (CNS effects). The carbamyl-acetylcholinesterase
combination dissociates more readily than the phosphoryl-acetylcholinesterase
complex produced by organophosphate compounds. This lability has several
important consequences: (1) it tends to limit the duration of N-methyl car-
bamate poisonings, (2) it accounts for the greater span between symptom-
producing and lethal doses than in most organophosphate compounds, and (3)
it frequently invalidates the measurement of blood cholinesterase activity as a
diagnostic index of poisoning (see below).



N-methyl carbamates are absorbed by inhalation and ingestion and some-
what by skin penetration, although the latter tends to be the less toxic route. For
example, carbofuran has a rat oral LD50 of 5 mg/kg, compared to a rat dermal
LD



50
 of 120 mg/kg, which makes the oral route approximately 24 times more



toxic when ingested.1 N-methyl carbamates are hydrolyzed enzymatically by the
liver; degradation products are excreted by the kidneys and the liver.



At cholinergic nerve junctions with smooth muscle and gland cells, high
acetylcholine concentration causes muscle contraction and secretion, respec-
tively. At skeletal muscle junctions, excess acetylcholine may be excitatory (cause
muscle twitching), but may also weaken or paralyze the cell by depolarizing the
end-plate. In the brain, elevated acetylcholine concentrations may cause sen-



HIGHLIGHTS



• Cause reversible
carbamylation of AChE



• Muscarinic, nicotinic, CNS
effects



Signs and Symptoms:



• Malaise, muscle weakness,
dizziness, sweating



• Headache, salivation,
nausea, vomiting,
abdominal pain, diarrhea



• CNS depression, pulmonary
edema in serious cases



Treatment:



• Clear airway, improve tissue
oxygenation



• Administer atropine sulfate
intravenously



• Proceed immediately with
decontamination
procedures
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Commercial Products



aldicarb+



Temik
aminocarb+



Matacil
bendiocarb+



Dycarb
Ficam
Multamat
Niomil
Tattoo
Turcam



bufencarb
Bux
metalkamate



carbaryl
Dicarbam
Sevin



carbofuran+



Crisfuran
Curaterr
Furadan



cloethocarb+



Lance
dimetan



Dimethan
dioxacarb



Elecron
Famid



fenoxycarb
Torus



formetanate hydrochloride+



Carzol
isolan+



Primin
isoprocarb



Etrofolan
MIPC



methiocarb+



Draza
Mesurol



methomyl+



Lannate
Lanox
Nudrin



mexacarbate
Zectran



oxamyl+



DPX 1410
Vydate L



pirimicarb
Abol
Aficida
Aphox
Fernos
Pirimor
Rapid



(Continued on the next page)



sory and behavioral disturbances, incoordination, and depressed motor func-
tion (rarely seizures), even though the N-methyl carbamates do not penetrate
the central nervous system very efficiently. Respiratory depression combined
with pulmonary edema is the usual cause of death from poisoning by N-me-
thyl carbamate compounds.



Signs and Symptoms of Poisoning



As with organophosphate poisoning, the signs and symptoms are based on
excessive cholinergic stimulation. Unlike organophosphate poisoning, carbamate
poisonings tend to be of shorter duration because the inhibition of nervous tissue
AchE is reversible, and carbamates are more rapidly metabolized.2 Bradycardia and
seizures are less common than in organophosphate poisonings. However, blood
cholinesterase levels may be misleading due to in vitro reactivation of a
carbamylated enzyme.3,4 A falsely “normal” level can make the diagnosis more
difficult in the acute presentation in the absence of an exposure history.



The primary manifestations of serious toxicity are central nervous system
depression, as manifested by coma, seizures, and hypotonicity, and nicotinic
effects including hypertension and cardiorespiratory depression. Dyspnea, bron-
chospasm, and bronchorrhea with eventual pulmonary edema are other seri-
ous signs. Recent information indicates that children and adults differ in their
clinical presentation. Children are more likely than adults to present with the
CNS symptoms above. While children can still develop the classic muscarinic
signs, the absence of them does not exclude the possibility of carbamate poi-
soning in the presence of CNS depression.5



Malaise, muscle weakness, dizziness, and sweating are commonly reported
early symptoms. Headache, salivation, nausea, vomiting, abdominal pain, and
diarrhea are often prominent. Miosis with blurred vision, incoordination, muscle
twitching, and slurred speech are reported.



Confirmation of Poisoning



If there are strong clinical indications of acute N-methyl carbam-
ate poisoning, and/or a history of carbamate exposure, treat the pa-
tient immediately. Do not wait for laboratory confirmation.



Blood for plasma pseudocholinesterase and RBC AChE should be ob-
tained. Be advised that unless a substantial amount of N-methyl carbamate has
been absorbed and a blood sample is taken within an hour or two, it is unlikely
that blood cholinesterase activities will be found depressed. Even under the
above circumstances, a rapid test for enzyme activity must be used to detect an
effect, because enzyme reactivation occurs in vitro as well as in vivo. See the table
on page 39 for methods of measurement of blood cholinesterase activities, if
circumstances appear to warrant performance of the test.
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Absorption of some N-methyl carbamates can be confirmed by analysis of
urine for unique metabolites: alpha-naphthol from carbaryl, isopropoxyphenol
from propoxur, carbofuran phenol from carbofuran, and aldicarb sulfone, sul-
foxide, and nitrile from aldicarb. These complex analyses, when available, can be
useful in identifying the responsible agent and following the course of carbam-
ate disposition.



Treatment



Caution: Persons attending the victim should avoid direct contact with
heavily contaminated clothing and vomitus. Wear rubber gloves while washing
pesticide from skin and hair.Vinyl gloves provide no protection.



1. Airway protection. Ensure that a clear airway exists. Intubate the patient
and aspirate the secretions with a large-bore suction device if necessary. Ad-
minister oxygen by mechanically assisted pulmonary ventilation if respiration is
depressed. Improve tissue oxygenation as much as possible before ad-
ministering atropine, to minimize the risk of ventricular fibrillation.
In severe poisonings, it may be necessary to support pulmonary ventilation
mechanically for several days.



2. Atropine. Administer atropine sulfate intravenously, or intramuscularly if
intravenous injection is not possible. Remember that atropine can be adminis-
tered through an endotracheal tube if initial IV access is difficult to obtain.
Carbamates usually reverse with much smaller dosages of atropine than those
required to reverse organophosphates.6 (See dosage on next page.)



The objective of atropine antidotal therapy is to antagonize the effects of
excessive concentrations of acetylcholine at end-organs having muscarinic re-
ceptors. Atropine does not reactivate the cholinesterase enzyme or accelerate
excretion or breakdown of carbamate. Recrudescence of poisoning may occur
if tissue concentrations of toxicant remain high when the effect of atropine
wears off. Atropine is effective against muscarinic manifestations, but is ineffec-
tive against nicotinic actions, specifically, muscle weakness and twitching, and
respiratory depression.



Despite these limitations, atropine is often a life-saving agent in N-methyl
carbamate poisonings. Favorable response to a test dose of atropine (1 mg in
adults, 0.01 mg/kg in children under 12 years) given intravenously can help
differentiate poisoning by anticholinesterase agents from other conditions such
as cardiogenic pulmonary edema and hydrocarbon ingestion. However, lack of
response to the test dose, indicating no atropinization (atropine refractoriness),
is characteristic of moderately severe to severe poisoning and indicates a need
for further atropine. If the test dose does not result in mydriasis and drying of
secretions, the patient can be considered atropine refractory.



Commercial Products
(Continued)



promecarb
Carbamult



propoxur
aprocarb
Baygon



thiodicarb
Larvin



trimethacarb
Broot
Landrin



+ Indicates high toxicity.
Highly toxic N-methyl
carbamates have listed oral
LD50 values (rat) less than or
equal to 50 mg/kg body
weight. Most other
carbamates included in this
table are considered
moderately toxic, with LD50



values in excess of 50 mg/
kg and less than 500 mg/kg.
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Dosage of Atropine:



In moderately severe poisoning (hypersecretion and other end-organ
manifestations without central nervous system depression), the follow-
ing dosage schedules have proven effective:



• Adults and children over 12 years: 2.0-4.0 mg, repeated every 15 min-
utes until pulmonary secretions are controlled, which may be ac-
companied by other signs of atropinization, including flushing, dry
mouth, dilated pupils, and tachycardia (pulse of 140 per minute).
Warning: In cases of ingestion of liquid concentrates of carbamate
pesticides, hydrocarbon aspiration may complicate these poisonings.
Pulmonary edema and poor oxygenation in these cases will not
respond to atropine and should be treated as a case of acute respira-
tory distress syndrome.



• Children under 12 years: 0.05-0.1 mg/kg body weight, repeated every
15 minutes until pulmonary secretions are controlled, which may be
accompanied by other signs of atropinization as above (heart rates
vary depending on age of child with young toddlers having a rate
approaching 200). There is a minimum dose of 0.1 mg in children.



Maintain atropinization by repeated doses based on recurrence of symp-
toms for 2-12 hours or longer depending on severity of poisoning. Crack-
les in the lung bases nearly always indicate inadequate atropinization and
pulmonary improvement may not parallel other signs. Continuation or
return of cholinergic signs indicates the need for more atropine.



Severely poisoned individuals may exhibit remarkable tolerance to at-
ropine; two or more times the dosages suggested above may be needed.
Reversal of muscarinic manifestations, rather than a specific dosage, is
the object of atropine therapy. However, prolonged intensive intrave-
nous administration of atropine sometimes required in organophos-
phate poisonings is rarely needed in treating carbamate poisoning.



Note: Persons not poisoned or only slightly poisoned by N-methyl
carbamates may develop signs of atropine toxicity from such large doses.
Fever, muscle fibrillations, and delirium are the main signs of atropine
toxicity. If these signs appear while the patient is fully atropinized, atro-
pine administration should be discontinued, at least temporarily, while
the severity of poisoning is reevaluated.
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3. Skin decontamination. In patients with contaminated skin, clothing, hair,
and/or eyes, decontamination must proceed concurrently with what-
ever resuscitative and antidotal measures are needed to preserve life.
Flush the chemical from eyes with copious amounts of clean water. For asymp-
tomatic individuals who are alert and physically able, a prompt shower and
shampoo may be appropriate for thorough skin decontamination, provided the
patient is carefully observed to insure against sudden appearance of poisoning.
If there are any indications of weakness ataxia or other neurologic impairment,
clothing should be removed and a complete bath and shampoo given while the
victim is recumbent, using copious amounts of soap and water. Attendants should
wear rubber gloves as vinyl provides no protection against skin absorption.
Wash the chemical from skin folds and from under fingernails.



Contaminated clothing should be promptly removed, bagged, and laundered
before returning. Contaminated leather shoes should be discarded. Note that the
pesticide can contaminate the inside surfaces of gloves, boots, and headgear.



4. Gastrointestinal decontamination. If N-methyl carbamate has been ingested
in a quantity probably sufficient to cause poisoning, consideration should be given
to gastrointestinal decontamination as outlined in Chapter 2. If the patient has
presented with a recent ingestion and is still asymptomatic, adsorption of poison
with activated charcoal may be beneficial. In significant ingestions, diarrhea and/or
vomiting are so constant that charcoal adsorption and catharsis are not indicated.
Attention should be given to oxygen, airway management, and atropine.



5. Urine sample. Save a urine sample for metabolite analysis if there is need to
identify the agent responsible for the poisoning.



6. Pralidoxime is probably of little value in N-methyl carbamate poisonings,
because atropine alone is effective. Although not indicated in isolated carbam-
ate poisoning, pralidoxime appears to be useful in cases of mixed carbamate/
organophosphate poisonings, and cases of an unknown pesticide with muscar-
inic symptoms on presentation.7,8 See Chapter 4, Treatment section, p. 41.



7. Observation. Observe patient closely for at least 24 hours to ensure that symp-
toms (sweating, visual disturbances, vomiting, diarrhea, chest and abdominal distress,
and sometimes pulmonary edema) do not recur as atropinization is withdrawn. The
observation period should be longer in the case of a mixed pesticide ingestion,
because of the prolonged and delayed symptoms associated with organophosphate
poisoning. As the dosage of atropine is reduced over time, check the lung bases
frequently for crackles. Atropinization must be re-established promptly, if crackles
are heard, or if there is a return of miosis, sweating, or other signs of poisoning.



8. Furosemide may be considered for relief of pulmonary edema if crackles
persist in the lungs even after full atropinization. It should not be considered
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until the maximum effect of atropine has been achieved. Consult package in-
sert for dosage and administration.



9. Pulmonary ventilation. Particularly in poisonings by large doses of N-
methyl carbamates, monitor pulmonary ventilation carefully, even after recov-
ery from muscarinic symptomatology, to forestall respiratory failure.



10. Cardiopulmonary monitoring. In severely poisoned patients, monitor
cardiac status by continuous ECG recording.



11. Contraindications. The following drugs are probably contraindicated in
nearly all N-methyl carbamate poisoning cases: morphine, succinlycholine, theo-
phylline, phenothiazines, and reserpine. Adrenergic amines should be given
only if there is a specific indication, such as marked hypotension.



12. Hydrocarbon aspiration may complicate poisonings that involve inges-
tion of liquid concentrates of some carbamates that are formulated in a petro-
leum product base. Pulmonary edema and poor oxygenation in these cases will
not respond to atropine and should be treated as cases of acute respiratory
distress syndrome.



13. Do not administer atropine prophylactically to workers exposed to
N-methyl carbamate pesticides. Prophylactic dosage may mask early symptoms
and signs of carbamate poisoning and thus allow the worker to continue expo-
sure and possibly progress to more severe poisoning. Atropine itself may en-
hance the health hazards of the agricultural work setting: impaired heat loss
due to reduced sweating and impaired ability to operate mechanical equip-
ment due to blurred vision (mydriasis).



General Chemical Structure
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HIGHLIGHTS



Signs and Symptoms:



• Absorbed dose is stored in
fat tissue



• Sensory disturbances:
hyperesthesia and
paresthesia, headache,
dizziness, nausea,
hyperexcitable state



• Convulsions



Treatment:



• Anticonvulsants
(benzodiazepines)



• Administer oxygen



• Cardiopulmonary
monitoring



Contraindicated:



• Epinephrine, other
adrenergic amines, atropine



• Animal or vegetable oils or
fats taken orally



CHAPTER 6



Solid Organochlorine Insecticides



EPA has sharply curtailed the availability of many organochlorines, particularly
DDT, aldrin, dieldrin, heptachlor, mirex, chlordecone, and chlordane. Others,
however, remain the active ingredients of various home and garden products
and some agricultural, structural, and environmental pest control products.
Hexachlorobenzene is a fungicide used as a seed protectant and is discussed
further in Chapter 15, Fungicides.



Technical hexachlorocyclohexane (misnamed benzene hexachloride, BHC)
includes multiple stereoisomers; only the gamma isomer (lindane) is insecticidal.
Lindane is the active ingredient of some pest control products used in the home
and garden, on the farm, and in forestry and animal husbandry. It is also the active
agent in the medicine Kwell®, used for human ectoparasitic disease. Lindane has
been reported on numerous occasions to be associated with acute neurological
toxicity either from ingestion or in persons treated for scabies or lice.1-6



Toxicology



In varying degrees, organochlorines are absorbed from the gut and also by
the lung and across the skin. The efficiency of dermal absorption is variable.
Hexachlorocyclohexane, including lindane, the cyclodienes (aldrin, dieldrin,
endrin, chlordane, heptachlor), and endosulfan are efficiently absorbed across
the skin, while dermal absorption efficiencies of DDT, dicofol, marlate, tox-
aphene, and mirex are substantially less.7 Lindane has a documented 9.3% der-
mal absorption rate,8 and is absorbed even more efficiently across abraded skin.1,9



This becomes especially important when taking into account its use on chil-
dren with severe dermatitis associated with scabies. Fat and fat solvents enhance
gastrointestinal, and probably dermal, absorption of organochlorines. While most
of the solid organochlorines are not highly volatile, pesticide-laden aerosol or
dust particles trapped in respiratory mucous and subsequently swallowed may
lead to significant gastrointestinal absorption.



Following exposure to some organochlorines (notably DDT), a significant
part of the absorbed dose is stored in fat tissue as the unchanged parent com-
pound. Most organochlorines are in some degree dechlorinated, oxidized, then
conjugated. The chief route of excretion is biliary, although nearly all orga-
nochlorines yield measurable urinary metabolites. Unfortunately, many of the
unmetabolized pesticides are efficiently reabsorbed by the intestine (enterohepatic
circulation), substantially retarding fecal excretion.
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Metabolic dispositions of DDT and DDE (a DDT degradation product), the
beta isomer of hexachlorocyclohexane, dieldrin, heptachlor epoxide, and mirex
tend to be slow, leading to storage in body fat. Storable lipophilic compounds are
likely to be excreted in maternal milk.6,10,11 On the other hand, rapid metabolic
dispositions of lindane, methoxychlor, dienochlor, endrin, chlorobenzilate, dicofol,
toxaphene, perthane, and endosulfan reduce the likelihood that these organochlo-
rines will be detected as residues in body fat, blood, or milk.



The chief acute toxic action of organochlorine pesticides is on the nervous
system, where these compounds induce a hyperexcitable state in the brain.12



This effect is manifest mainly as convulsions, sometimes limited to myoclonic
jerking, but often expressed as violent seizures. Convulsions caused by cyclodienes
may recur over periods of several days. Other less severe signs of neurologic
toxicity such as paresthesias, tremor, ataxia, and hyperreflexia are also characteristic
of acute organochlorine poisoning. Agents such as DDT and methoxychlor
tend to cause the less severe effects, while the cyclodienes, mirex, and lindane
are associated with the more severe seizures and fatalities.7 Convulsions may
cause death by interfering with pulmonary gas exchange and by generating
severe metabolic acidosis.



High tissue concentrations of organochlorines increase myocardial irritability,
predisposing to cardiac arrhythmia. When tissue organochlorine concentrations
drop below threshold levels, recovery from the poisoning occurs.
Organochlorines are not cholinesterase inhibitors.



High tissue levels of some organochlorines (notably DDT, DDE, and cy-
clodienes) have been shown to induce hepatic microsomal drug-metabolizing
enzymes.13 This tends to accelerate excretion of the pesticides themselves, but
may also stimulate biotransformation of critical natural substances, such as ste-
roid hormones and therapeutic drugs, occasionally necessitating re-evaluation
of required dosages in persons intensively exposed to organochlorines. Human
absorption of organochlorine sufficient to cause enzyme induction is likely to
occur only as a result of prolonged intensive exposure.



Ingestion of hexachlorobenzene-treated wheat has been associated with
human dermal toxicity diagnosed as porphyria cutanea tarda. The skin blisters,
becomes very sensitive to sunlight, and heals poorly, resulting in scarring and
contracture formation.14 Unlike other organochlorine compounds, there have
been no reported cases of convulsions caused by the fungicide hexachloro-
benzene. Lindane and chlordane have rarely been associated anecdotally with
certain hematological disorders, including aplastic anemia and megaloblastic
anemia.15,16



There has been considerable interest recently in the interaction of orga-
nochlorines with endocrine receptors, particularly estrogen and androgen
receptors. In vitro studies and animal experimentation have supported the view
that the function of the endocrine system may be altered by these interac-
tions.17,18 This in turn may alter the reproductive development and success of
animals and humans. In addition, some organochlorines may inhibit lactation
and may also be developmental toxicants.10 Due to evidence of carcinogenic
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benzene hexachloride (BHC)*



HCH
hexachlor
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chlordane*
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endrin*
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hexacholorobenzene*
lindane
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Kwell
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Marlate
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* All U.S. registrations have
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potential, some organochlorines have lost registration for use in the United
States or had their uses restricted. Although these effects are important, they are
beyond the scope of this manual.



Signs and Symptoms of Poisoning



Early manifestations of poisoning by some organochlorine pesticides, par-
ticularly DDT, are often sensory disturbances: hyperesthesia and paresthesia of
the face and extremities. Headache, dizziness, nausea, vomiting, incoordination,
tremor, and mental confusion are also reported. More severe poisoning causes
myoclonic jerking movements, then generalized tonic-clonic convulsions. Coma
and respiratory depression may follow the seizures.



Poisoning by the cyclodienes and toxaphene is more likely to begin with
the sudden onset of convulsions, and is often not preceded by the premonitory
manifestations mentioned above. Seizures caused by cyclodienes may appear as
long as 48 hours after exposure, and then may recur periodically over several
days following the initial episode. Because lindane and toxaphene are more
rapidly biotransformed in the body and excreted, they are less likely than diel-
drin, aldrin, and chlordane to cause delayed or recurrent seizures.



Confirmation of Poisoning



Organochlorine pesticides and/or their metabolites can sometimes be iden-
tified in blood by gas-liquid chromatographic examination of samples taken
within a few days of significant pesticide absorption. Such tests are performed
by a limited number of government, university, and private laboratories, which
can usually be contacted through poison control centers or health departments.
Some organochlorine pesticides or their products (notably DDT, dieldrin, mirex,
heptachlor, epoxide, chlordecone) persist in tissues and blood for weeks or
months after absorption, but others are likely to be excreted in a few days,
limiting the likelihood of detection. Blood levels tend to correlate more with
acute toxicity, while levels found in adipose tissue and breast milk usually re-
flect more long-term and historic exposure.19



Chromatographic methods make possible detection of most organochlo-
rines at concentrations much lower than those associated with symptoms of
toxicity. Therefore, a positive finding in a blood sample does not, of itself, justify
a diagnosis of acute poisoning. Lindane appears in the literature more frequently
than other compounds. The time of acquisition of the blood level in relation to
exposure time must be taken into account when interpreting blood levels. In
one study, lindane levels were measured at 10.3 ng/mL in healthy volunteers
three days after application to the skin.20



In a study with childhood dermal absorption using children with scabies
and a non-affected control group, lindane peaked at 28 ng/mL 6 hours after
application in the affected group, and at 24 ng/mL in the control group. At 48
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hours, levels were 6 ng/mL and 5 ng/mL respectively. Findings from this study
also provide evidence for increased absorption across abraded skin.9 A child
with severely abraded skin was treated for scabies and developed seizures. Three
days after exposure, his lindane level was 54 ng/mL.1 Most reports of acute
toxicity from lindane involve blood levels of 130 ng/mL or greater, with the
most severe and fatal cases involving levels exceeding 500 ng/mL.2



DDT, DDE, and a few other organochlorines are still found at very low
levels in blood samples from the general U.S. population, presumably due to
past and/or current low-level contamination of food by these environmentally
persistent pesticides.



In the absence of corresponding elevations of blood levels, the amount of
stored pesticides is not likely to be of clinical significance. Measurements of uri-
nary metabolites of some organochlorine pesticides can be useful in monitoring
occupational exposures; however, the analytical methods are complex, and are
not likely to detect amounts of metabolites generated by minimal exposures.



Treatment



1. Observation. Persons exposed to high levels of organochlorine pesticides
by any route should be observed for sensory disturbances, incoordination, speech
slurring, mental aberrations, and involuntary motor activity that would warn of
imminent convulsions.



2. Convulsions. If convulsions occur, place the victim in the left lateral decu-
bitus position with the head down. Move away furniture or other solid objects
that could be a source of injury. If jaw movements are violent, place padded
tongue blades between the teeth to protect the tongue. Whenever possible,
remove dentures and other removable dental work. Aspirate oral and pharyn-
geal secretion, and when possible, insert an oropharyngeal airway to maintain
an open passage unobstructed by the tongue. Minimize noise and any manipu-
lation of the patient that may trigger seizure activity.



Dosage of Diazepam:



• Adults: 5-10 mg IV and repeat every 5-10 minutes to maximum of 30 mg.



• Children: 0.2 to 0.5 mg/kg every 5 minutes to maximum of 10 mg in
children over 5 years, and maximum of 5 mg in children under 5 years.



Although lorazepam is widely accepted as a treatment of choice for
status epilepticus, there are no reports of its use for organochlorine
intoxication. Some cases have required aggressive seizure management
including the addition of phenobarbital and the induction of pento-
barbital coma.
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Seizures in patients caused by organochlorine toxicity are likely to be pro-
longed and difficult to control. Status epilepticus is common. For this reason,
patients with seizures that do not respond immediately to anticonvulsants should
be transferred as soon as possible to a trauma center and will generally require
intensive care admission until seizures are controlled and neurologic status is
improved. Initial therapy with benzodiazepines should be instituted.



3. Oxygen. Administer oxygen by mask. Maintain pulmonary gas exchange by
mechanically assisted ventilation whenever respiration is depressed.



4. Skin decontamination. Skin decontamination should be done thoroughly,
as outlined in Chapter 2.



5. Gastrointestinal decontamination. If organochlorine has been ingested
in a quantity sufficient to cause poisoning and the patient presents within an
hour, consideration should be given to gastric decontamination procedures, as
outlined in Chapter 2. If the patient presents more than an hour after ingestion,
activated charcoal may still be beneficial. If the victim is convulsing, it is almost
always necessary first to control seizures before attempting gastric decontami-
nation. Activated charcoal administration has been advocated in such poison-
ings, but there is little human or experimental evidence to support it.



6. Respiratory failure. Particularly in poisonings by large doses of
organochlorine, monitor pulmonary ventilation carefully to forestall
respiratory failure. Assist pulmonary ventilation mechanically with oxygen
whenever respiration is depressed. Since these compounds are often formulated
in a hydrocarbon vehicle, hydrocarbon aspiration may occur with ingestion of
these agents. The hydrocarbon aspiration should be managed in accordance
with accepted medical practice as a case of acute respiratory distress syndrome
which will usually require intensive care management.



7. Cardiac monitoring. In severely poisoned patients, monitor cardiac status
by continuous ECG recording to detect arrhythmia.



8. Contraindications. Do not give epinephrine, other adrenergic amines, or
atropine unless absolutely necessary because of the enhanced myocardial irrita-
bility induced by chlorinated hydrocarbons, which predisposes to ventricular
fibrillation. Do not give animal or vegetable oils or fats by mouth. They en-
hance gastrointestinal absorption of the lipophilic organochlorines.



9. Phenobarbital. To control seizures and myoclonic movements that some-
times persist for several days following acute poisoning by the more slowly
excreted organochlorines, phenobarbital given orally is likely to be effective.
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Dosage should be based on manifestations in the individual case and on infor-
mation contained in the package insert.



10. Cholestryamine resin accelerates the biliary-fecal excretion of the more
slowly eliminated organochlorine compounds.21 It is usually administered in 4
g doses, 4 times a day, before meals and at bedtime. The usual dose for children
is 240 mg/kg/24 hours, divided Q 8 hours. The dose may be mixed with a
pulpy fruit or liquid. It should never be given in its dry form and must always
be administered with water, other liquids or a pulpy fruit. Prolonged treatment
(several weeks or months) may be necessary.



11. Convalescence. During convalescence, enhance carbohydrate, protein, and
vitamin intake by diet or parenteral therapy.
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CHAPTER 7



Biologicals and Insecticides
of Biological Origin



This chapter covers several widely-used insecticidal products of natural origin, as
well as certain agents often identified as biological control agents. Of the many
living control agents, only the bacterial agent Bacillus thuringiensis will be discussed
in detail, since it is one of the most widely used. Many other agents, such as
parasitic wasps and insects, are so host-specific that they pose little or no risk to
human health. The agents are discussed in this chapter in alphabetic order.



AZADIRACHTIN



This biologically-obtained insecticide is derived from the Neem tree
(Azadirachta indica). It is an insect growth regulator that interferes with the
molting hormone ecdysone.



Toxicology



Azadirachtin causes severe dermal and gastrointestinal irritation. Central
nervous system stimulation and depression have been seen. This agent is prima-
rily used and manufactured in India; little use or exposures are expected in the
United States.



Treatment



1. Skin decontamination. If skin exposure occurs, the skin should be thor-
oughly washed with soap and water.



2. Gastrointestinal decontamination. Due to the severe gastrointestinal ir-
ritation, gastric emptying and catharsis are not indicated. Consideration should
be given to administration of activated charcoal as outlined in Chapter 2.



HIGHLIGHTS



• Derived from living systems



• Bacillus thuringensis is the
most important live agent



• Generally of low order
toxicity



Signs and Symptoms:



• Highly variable based on
specific agents



• Several cause
gastrointestinal irritation



• Nicotine and rotenone may
have serious CNS effects



• Nicotine and sabadilla may
have cardiovascular effects



Treatment:



• Specific to the agent



• Skin, eye, and GI
decontamination may be
indicated



• Nicotine, rotenone, and
sabadilla require aggressive
support
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BACILLUS THURINGIENSIS



Several strains of Bacillus thuringiensis are pathogenic to some insects. The
bacterial organisms are cultured, then harvested in spore form for use as insec-
ticide. Production methods vary widely. Proteinaceous and nucleotide-like toxins
generated by the vegetative forms (which infect insects) are responsible for the
insecticidal effect. The spores are formulated as wettable powders, flowable con-
centrates, and granules for application to field crops and for control of mosqui-
toes and black flies.



Toxicology



The varieties of Bacillus thuringiensis used commercially survive when in-
jected into mice, and at least one of the purified insecticidal toxins is toxic to
mice. Infections of humans have been extremely rare. A single case report of
ingestion by volunteers of Bacillus thuringiensis var. galleriae resulted in fever and
gastrointestinal symptoms. However, this agent is not registered as a pesticide.
B. thuringiensis products are exempt from tolerance on raw agricultural com-
modities in the United States. Neither irritative nor sensitizing effects have
been reported in workers preparing and applying commercial products.



Treatment



1. Skin decontamination. Skin contamination should be removed with soap
and water. Eye contamination should be flushed from the eyes with clean water
or saline. If irritation persists, or if there is any indication of infection, treatment
by a physician should be obtained.



A single case of corneal ulcer caused by a splash of B. thuringiensis suspen-
sion into the eye was successfully treated by subconjunctival injection of gen-
tamicin (20 mg) and cefazolin (25 mg).1



2. Gastrointestinal decontamination. If a B. thuringiensis product has been
ingested, the patient should be observed for manifestations of bacterial gastro-
enteritis: abdominal cramps, vomiting, and diarrhea. The illness is likely to be
self-limited if it occurs at all. The patient should be treated symptomatically and
fluid support provided as appropriate.



EUGENOL



This compound is derived from clove oil. It is used as an insect attractant.



Commercial Products
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Vectocide
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Bactospeine
Bactur
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Futura
Sok-Bt
Thuricide
Tribactur



Variety morrisoni
Variety tenebrionis:
Novodor



eugenol
gibberellic acid (GA3)



Activol
Berelex
Cekugib
Gibberellin
Gibrel
Grocel
Pro-Gibb
Pro-Gibb Plus
Regulex



nicotine
Black Leaf 40
Nico Soap



pyrethrins
rotenone



Chem-Fish
Noxfire
Noxfish
Nusyn-Foxfish
Prenfish



(Continued on the next page)











BIOLOGICALS •  65



Toxicology



Eugenol is similar in its clinical effects to phenol. Although it works as an
anesthetic, in large doses it can cause burns to epithelial surfaces.2 Sloughing of
mucous membranes has occurred as an allergic reaction to a small dose applied
topically in the mouth.3 Gastric mucosal lesions have been reported in animals,
but no lesions were seen on endoscopy after clove oil ingestion.4 Large doses
may result in coma and liver dysfunction.5



Treatment



Treatment is primarily supportive as there is no antidote. If mucosal burns
are present, consider endoscopy to look for other ulcerations.



GIBBERELLIC ACID (Gibberellin, GA3)



Gibberellic acid is not a pesticide, but it is commonly used in agricultural
production as a growth-promoting agent. It is a metabolic product of a cul-
tured fungus, formulated in tablets, granules, and liquid concentrates for appli-
cation to soil beneath growing plants and trees.



Toxicology



Experimental animals tolerate large oral doses without apparent adverse
effect. No human poisonings have been reported. Sensitization has not been
reported, and irritant effects are not remarkable.



Treatment



1. Skin decontamination. Wash contamination from skin with soap and
water. Flush contamination from eyes with clean water or saline. If irritation
occurs, obtain medical treatment.



2. Gastrointestinal decontamination. If gibberellic acid has been swallowed,
there is no reason to expect adverse effects.



NICOTINE



Nicotine is an alkaloid contained in the leaves of many species of plants,
but is usually obtained commercially from tobacco. A 14% preparation of the
free alkaloid is marketed as a greenhouse fumigant. Significant volatilization of
nicotine occurs. Commercial nicotine insecticides have long been known as
Black Leaf 40. This formulation was discontinued in 1992. Other currently



Commercial Products
(Continued)



Rotacide
Rotenone Solution FK-11
Sypren-Fish



sabadilla
streptomycin



Agri-Mycin 17
Paushamycin, Tech.
Plantomycin



*Discontinued in the U.S.











66  •  BIOLOGICALS



available formulations include dusts formulated with naphthalene and dried
blood used to repel dogs and rabbits. Be aware of Green Tobacco Syndrome
from dermal absorption. Very little nicotine insecticide is currently used in the
United States, although old preparations of nicotine insecticides may still be
found on occasion.6 Today, most nicotine poisonings are the result of ingestion
of tobacco products and incorrect use of nicotine skin patches.



Toxicology



Nicotine alkaloid is efficiently absorbed by the gut, lung, and skin. Exten-
sive biotransformation occurs in the liver with 70-75% occurring as a first pass
effect.7 Both the liver and kidney participate in the formation and excretion of
multiple end-products, which are excreted within a few hours. Estimates of the
half-life of nicotine range from about one hour in smokers to as much as two
hours in non-smokers.8,9



Toxic action is complex. At low doses, autonomic ganglia are stimulated.
Higher doses result in blockade of autonomic ganglia and skeletal muscle neuro-
muscular junctions, and direct effects on the central nervous system. Paralysis and
vascular collapse are prominent features of acute poisoning, but death is often due
to respiratory paralysis, which may ensue promptly after the first symptoms of
poisoning. Nicotine is not an inhibitor of the cholinesterase enzyme.



Signs and Symptoms of Poisoning



Early and prominent symptoms of poisoning include salivation, sweating,
dizziness, nausea, vomiting, and diarrhea. Burning sensations in the mouth and
throat, agitation, confusion, headache, and abdominal pain are reported. If dos-
age has been high, vascular collapse with hypotension, bradycardia or other
arrythmias, dyspnea then respiratory failure, and unconsciousness may ensue
promptly.6,10,11,12 In some cases, hypertension and tachycardia may precede hy-
potension and bradycardia, with the latter two signs leading to shock.11,12 Sei-
zures may also occur.6,11 In one case of ingestion of a large dose of nicotine
alkaloid pesticide, the patient developed asystole within two minutes. He later
developed seizures and refractory hypotension.6



Confirmation of Poisoning



Urine content of the metabolite cotinine can be used to confirm absorp-
tion of nicotine.
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Treatment



1. Skin decontamination. If liquid or aerosol spray has come in contact with
skin, wash the area thoroughly with soap and water. If eyes have been contami-
nated, flush them thoroughly with clean water or saline. If irritation persists,
obtain specialized medical treatment.



If symptoms of poisoning appear during exposure to an airborne nicotine
insecticide, remove the person from the contaminated environment immediately,
wash any skin areas that may be contaminated, then transport the victim to the
nearest treatment facility. Although mild poisoning may resolve without treat-
ment, it is often difficult to predict the ultimate severity of poisoning at the onset.



2. Pulmonary ventilation. If there is any indication of loss of respiratory
drive, maintain pulmonary ventilation by mechanical means, using supplemen-
tal oxygen if available, or mouth-to-mouth or mouth-to-nose methods if nec-
essary. Toxic effects of nicotine other than respiratory depression are usually
survivable. The importance of maintaining adequate gas exchange is therefore
paramount.



3. Gastrointestinal decontamination. If a nicotine-containing product has
been ingested recently, immediate steps must be taken to limit gastrointestinal
absorption. If the patient is fully alert, immediate oral administration of acti-
vated charcoal as outlined in Chapter 2 is probably the best initial step in man-
agement. Repeated administration of activated charcoal at half or more the
initial dosage every 2-4 hours may be beneficial. Since diarrhea is often a part
of this poisoning, it is usually not necessary or appropriate to administer a
cathartic. Do not administer syrup of ipecac.



4. Cardiac monitoring. Monitor cardiac status by electrocardiography, and
measure blood pressure frequently. Cardiopulmonary resuscitation may
be necessary. Vascular collapse may require administration of norepinephrine
and/or dopamine. Consult package inserts for dosages and routes of adminis-
tration. Infusions of electrolyte solutions, plasma, and/or blood may also be
required to combat shock.



5. Atropine sulfate. There is no specific antidote for nicotine poisoning. Se-
vere hypersecretion (especially salivation and diarrhea) or bradycardia may be
treated with intravenous atropine sulfate. See dosage on next page.
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Dosage of Atropine Sulfate:



• Adults and children over 12 years: 0.4-0.5 mg slowly IV, repeated every
5 minutes if necessary.



• Children under 12 years: 0.01 mg/kg body weight, slowly IV, repeated
every 5 minutes if necessary. There is a minimum dose of 0.1 mg.



6. Convulsions should be controlled as outlined in Chapter 2. If the patient
survives for four hours, complete recovery is likely.



PYRETHRUM AND PYRETHRINS



Pyrethrum is the oleoresin extract of dried chrysanthemum flowers. The
extract contains about 50% active insecticidal ingredients known as pyrethrins.
The ketoalcoholic esters of chrysanthemic and pyrethroic acids are known as
pyrethrins, cinerins, and jasmolins. These strongly lipophilic esters rapidly pen-
etrate many insects and paralyze their nervous systems. Both crude pyrethrum
extract and purified pyrethrins are contained in various commercial products,
commonly dissolved in petroleum distillates. Some are packaged in pressurized
containers (“bug-bombs”), usually in combination with the synergists piperonyl
butoxide and n-octyl bicycloheptene dicarboximide. The synergists retard enzy-
matic degradation of pyrethrins. Some commercial products also contain
organophosphate or carbamate insecticides. These are included because the rapid
paralytic effect of pyrethrins on insects (“quick knockdown”) is not always lethal.



Pyrethrum and pyrethrin products are used mainly for indoor pest control.
They are not sufficiently stable in light and heat to remain as active residues on
crops. The synthetic insecticides known as pyrethroids (chemically similar to
pyrethrins) do have the stability needed for agricultural applications. Pyrethroids
are discussed separately in Chapter 8.



Toxicology



Crude pyrethrum is a dermal and respiratory allergen, probably due mainly
to non-insecticidal ingredients. Contact dermatitis and allergic respiratory re-
actions (rhinitis and asthma) have occurred following exposures.13,14 Single cases
exhibiting anaphylactic15 and pneumonitic manifestations16 have also been re-
ported. The refined pyrethrins are probably less allergenic, but appear to retain
some irritant and/or sensitizing properties.



Pyrethrins are absorbed across the gut and pulmonary membrane, but only
slightly across intact skin. They are very effectively hydrolyzed to inert products
by mammalian liver enzymes. This rapid degradation combined with relatively
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poor bioavailability probably accounts in large part for their relatively low mam-
malian toxicity. Dogs fed extraordinary doses exhibit tremor, ataxia, labored
breathing, and salivation. Similar neurotoxicity rarely, if ever, has been observed
in humans, even in individuals who have used pyrethrins for body lice control
(extensive contact) or pyrethrum as an anthelmintic (ingestion).



In cases of human exposure to commercial products, the possible role of
other toxicants in the products should be kept in mind. The synergists pipero-
nyl butoxide and n-octyl bicycloheptene dicarboximide have low toxic poten-
tial in humans, but organophosphates or carbamates included in the product
may have significant toxicity. Pyrethrins themselves do not inhibit cholinest-
erase enzyme.



Confirmation of Poisoning



There are at present no practical tests for pyrethrin metabolites or pyrethrin
effects on human enzymes or tissues that can be used to confirm absorption.



Treatment



1. Antihistamines are effective in controlling most allergic reactions. Severe
asthmatic reactions, particularly in predisposed persons, may require adminis-
tration of inhaled B



2
-agonists and/or systemic corticosteroids. Inhalation ex-



posure should be carefully avoided in the future.



2. Anaphylaxis-type reactions may require sub-cutaneous epinephrine,
epinepherine, and respiratory support.15



3. Contact dermatitis may require extended administration of topical corti-
costeroid preparations. This should be done under the supervision of a physi-
cian. Future contact with the allergen must be avoided.



4. Eye contamination should be removed by flushing the eye with large
amounts of clean water or saline. Specialized ophthalmologic care should be
obtained if irritation persists.



5. Other toxic manifestations caused by other ingredients must be treated ac-
cording to their respective toxic actions, independent of pyrethrin-related effects.



6. Gastrointestinal decontamination. Even though most ingestions of pyre-
thrin products present little risk, if a large amount of pyrethrin-containing
material has been ingested and the patient is seen within one hour, consider
gastric emptying. If the patient is seen later, or if gastric emptying is performed,
consider administration of activated charcoal as described in Chapter 2.
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ROTENONE



Although this natural substance is present in a number of plants, the source
of most rotenone used in the United States is the dried derris root imported
from Central and South America. It is formulated as dusts, powders, and sprays
(less than 5% active ingredient) for use in gardens and on food crops. Many
products contain piperonyl butoxide as synergist, and other pesticides are in-
cluded in some commercial products. Rotenone degrades rapidly in the envi-
ronment. Emulsions of rotenone are applied to lakes and ponds to kill fish.



Toxicology



Although rotenone is toxic to the nervous systems of insects, fish, and birds,
commercial rotenone products have presented little hazard to humans over
many decades. Neither fatalities nor systemic poisonings have been reported in
relation to ordinary use. However, there is one report of a fatality in a child
who ingested a product called Gallocide, which contains rotenone and etheral
oils, including clove oil. She developed a gradual loss of consciousness over two
hours and died of respiratory arrest.17



Numbness of oral mucous membranes has been reported in workers who
got dust from the powdered derris root in their mouths. Dermatitis and respira-
tory tract irritation have also been reported in occupationally exposed persons.



When rotenone has been injected into animals, tremors, vomiting, incoor-
dination, convulsions, and respiratory arrest have been observed. These effects
have not been reported in occupationally exposed humans.



Treatment



1.  Skin decontamination. Skin contamination should be removed by wash-
ing with soap and water. Eye contamination should be removed by flushing the
eye thoroughly with clean water or saline. Dust in the mouth should be washed
out. If irritation persists, medical treatment should be obtained.



2. Gastrointestinal decontamination. If a large amount of a rotenone-con-
taining product has been swallowed and retained and the patient is seen within
an hour of exposure, consideration should be given to gastric emptying. Whether
or not gastric emptying is performed, consider use of activated charcoal as
outlined in Chapter 2.



3. Respiratory support should be used as necessary if mental status changes
and/or respiratory depression occurs.
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SABADILLA (Veratrum alkaloid)



Sabadilla consists of the powdered ripe seeds of a South American lily. It is
used as dust, with lime or sulfur, or dissolved in kerosene, mainly to kill ecto-
parasites on domestic animals and humans. Insecticidal alkaloids are those of
the veratrum type. The concentration of alkaloids in commercial sabadilla is
usually less than 0.5%. Little or no sabadilla is used in the United States today,
but some is probably used in other countries. Most toxic encounters with ver-
atrum alkaloid occur from the inadvertent ingestion of the plant.18



Toxicology



Sabadilla dust is very irritating to the upper respiratory tract, causing sneez-
ing, and is also irritating to the skin. Veratrin alkaloids are apparently absorbed
across the skin and gut, and probably by the lung as well. Veratrin alkaloids have a
digitalis-like action on the heart muscles (impaired conduction and arrhythmia).



Although poisoning by medicinal veratrum preparations may have occurred
in the past, systemic poisoning by sabadilla preparations used as insecticides has
been very rare. The prominent symptoms of veratrum alkaloid poisoning are
severe nausea and vomiting, followed by hypotension and bradycardia. Other
arrythmias or A-V block may occur.18,19



Treatment



1. Skin decontamination. Contaminated skin should be washed thoroughly
with soap and water. If eyes are affected, they should be flushed with copious
amounts of clean water or saline. If skin or eye irritation persists, medical treat-
ment should be obtained.



2. Gastrointestinal decontamination. If a large amount of sabadilla pesticide
product has been ingested in the past hour and retained, consider gastric empty-
ing. This may be followed by administration of charcoal. If only a small amount of
sabadilla pesticide has been ingested and retained, or if treatment is delayed, and if
the patient remains fully alert, immediate oral administration of activated char-
coal probably represents reasonable management, as outlined in Chapter 2.



3. Cardiac monitoring. If there is a suspicion that significant amounts of
sabadilla alkaloids have been absorbed, ECG monitoring of cardiac activity for
arrhythmia and conduction defects is appropriate. Bradycardia may be treated
with atropine.18,19 See dosage on next page.
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Dosage of Atropine Sulfate:



• Adults and children over 12 years: 0.4-0.5 mg slowly IV, repeated ev-
ery 5 minutes if necessary.



• Children under 12 years: 0.01 mg/kg body weight, slowly IV, repeated
every 5 minutes if necessary. (There is a minimum dose of 0.1 mg).



STREPTOMYCIN



Streptomycin sulfate and nitrate are used as pesticides for the control of a
variety of commercially important bacterial plant pathogens. Streptomycin is
an antibiotic derived from the growth of Streptomyces griseus.



Toxicology



This antibiotic shares a toxic profile with the aminoglycoside antibiotics
commonly used to treat human diseases. Its major modes of toxicity are neph-
rotoxicity and ototoxicity. Fortunately, it is poorly absorbed from the gastrointes-
tinal tract, so systemic toxicity is unlikely with ingestion.



Treatment



If a large amount of streptomycin has been ingested within one hour of the
patient’s receiving care, gastric emptying should be considered. Administration
of activated charcoal, as outlined in Chapter 2, should be considered.
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CHAPTER 8



Other Insecticides,
Acaricides, and Repellents



This chapter discusses insecticides, acaricides, and repellents that have toxico-
logic characteristics distinct from the insecticides discussed in previous chap-
ters. Pesticides reviewed include: alkyl phthalates, benzyl benzoate, borates,
chlordimeform, chlorobenzilate, cyhexatin, diethyltoluamide, fluorides,
haloaromatic urea compounds, methoprene, propargite, pyrethroids, and sulfur.



ALKYL PHTHALATES



Dimethyl phthalate has been widely used as an insect repellent applied
directly to the skin. Dibutylphthalate is impregnated into fabric for the same
purpose. It is more resistant to laundering than dimethyl phthalate.



Toxicology



Dimethyl phthalate is strongly irritating to the eyes and mucous membranes.
It has caused little or no irritation when applied to skin, and dermal absorption is
apparently minimal. It has not caused sensitization. Tests in rodents have indicated
low systemic toxicity, but large ingested doses cause gastrointestinal irritation,
central nervous system depression, coma, and hypotension.



Treatment



No antidote is available. Supportive measures (hydration, oxygen if needed)
are probably adequate to manage all but the most severe poisonings.



BENZYL BENZOATE



Toxicology



Incorporated into lotions and ointments, this agent has been used for many
years in veterinary and human medicine against mites and lice. Apart from
occasional cases of skin irritation, adverse effects have been few. The efficiency



HIGHLIGHTS



• Multiple agents, with
widely varying toxicity



• Careful history will usually
reveal exposure history



• Agents of particular
concern due to wide use
are pyrethroids,
diethyltoluamide, and
borates



Signs and Symptoms:



• Variable and highly related
to the specific agent



• Boric acid causes severe
erythematous and
exfoliative rash (boiled
lobster appearance)



• Agents such as boric acid,
diethyltoluamide, and
pyrethroids should be
suspected in cases of
unusual nervous system
symptoms



Treatment:



• Specific to the agents



• Skin and GI
decontamination



• Severe CNS symptoms may
require intensive care
management
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of skin absorption is not known. Absorbed benzyl benzoate is rapidly
biotransformed to hippuric acid which is excreted in the urine. When given in
large doses to laboratory animals, benzyl benzoate causes excitement, incoordi-
nation, paralysis of the limbs, convulsions, respiratory paralysis, and death. No
human poisonings have been reported.



Treatment



1. Skin decontamination. If significant irritant effect appears, medications
should be discontinued and the skin cleansed with soap and water. Eye con-
tamination should be treated by prolonged flushing with clean water or saline.



2. Gastrointestinal decontamination. If a potentially toxic amount has been
swallowed and retained and the patient is seen soon after exposure, gastrointes-
tinal decontamination should be considered as outlined in Chapter 2.



3. Seizures. If seizures occur, control may require anticonvulsant medication
as outlined in Chapter 2.



BORIC ACID AND BORATES



Boric acid is formulated as tablets and powder to kill larvae in livestock
confinement areas and cockroaches, ants, and other insects in residences. Rarely,
solutions are sprayed as a nonselective herbicide.



Toxicology



Boric acid powders and pellets scattered on the floors of homes do present
a hazard to children. Their frequent use for roach control increases access for
ingestion. A series of 784 patients has been described with no fatalities and
minimum toxicity. Only 12% of these patients had symptoms of toxicity, mostly
to the gastrointestinal tract.1 However, there have been some recent reports of
fatal poisonings,2,3 and a great many poisonings of newborns which occurred
in the 1950s and 1960s often ended in death.4,5 Historically, many poisonings
have resulted from injudicious uses in human medicine aimed at suppressing
bacterial growth, such as compresses for burns, powders for diaper rash, and
irrigation solutions.6,7 With the increased use of boric acid for roach control,
suicidal or accidental ingestion is still likely to occur.3,7



Borax dust is moderately irritating to skin. Inhaled dust caused irritation of
the respiratory tract among workers in a borax plant. Symptoms included nasal
irritation, mucous membrane dryness, cough, shortness of breath, and chest
tightness.8,9



Commercial Products



ALKYL PHTHALATES



dibutylphthalate
dimethyl phthalate
DMP



BENZYL BENZOATE



BORIC ACID AND BORATES



boric acid
sodium polyborates
Polybor 3



sodium tetraborate
decahydrate
Borax



CHLORDIMEFORM (nr)



CHLOROBENZILATE (nr)



Acaraben
Akar
Benzilan
Folbex



CYHEXATIN (nr)



Acarstin
Metaran
Oxotin
Pennstyl
Plictran



DIETHYLTOLUAMIDE (DEET)



Auton
Detamide
Metadelphene
MGK
Muskol
Off!
Skeeter Beater
Skeeter Cheater
Skintastic for Kids



FLUORIDES



sodium fluoride (wood
protection only)
sodium fluosilicate (sodium
silico fluoride) (nr)
Prodan
Safsan



sodium fluoaluminate
Cryolite
Kryocide
Prokil



(Continued on the next page)
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When determining toxicity to boric acid from ingestion, it is important to
distinguish between acute and chronic exposure. Chronic ingestion is more
likely to cause significant toxicity than acute exposure.1,2 Borates are well ab-
sorbed by the gut and by abraded or burned skin, but not by intact skin.6 The
kidney efficiently excretes them. The residence half-life in humans averages 13
hours, in a range of 4-28 hours.1



The gastrointestinal tract, skin, vascular system, and brain are the principal
organs and tissues effected. Nausea, persistent vomiting, abdominal pain, and
diarrhea reflect a toxic gastroenteritis.1,2,7 Lethargy and headache may occur,
but are more infrequent.1 In severe poisonings, a beefy red skin rash, most often
affecting palms, soles, buttocks, and scrotum, has been described. It has been
characterized as a “boiled lobster appearance.” The intense erythema is fol-
lowed by extensive exfoliation.2,5,10 This may be difficult to distinguish from
staphylcoccal scalded skin syndrome.10



Headache, weakness, lethargy, restlessness, and tremors may occur, but are
less frequent than gastrointestinal effects.1 Seven infants who were exposed to a
mixture of borax and honey on their pacifiers developed seizures.11 Uncon-
sciousness and respiratory depression signify life-threatening brain injury. Cy-
anosis, weak pulse, hypotension, and cold clammy skin indicate shock, which is
sometimes the cause of death in borate poisoning.2,3,7



Acute renal failure (oliguria or anuria) may be a consequence of shock, of
direct toxic action on renal tubule cells, or both. It occurs in severe borate
poisoning.2,3,5,10 Metabolic acidosis may be a consequence of the acid itself, of
seizure activity, or of metabolic derangements.2 Fever is sometimes present in
the absence of infection.



Confirmation of Poisoning



Borate can be measured in serum by colorimetric methods, as well by
high-temperature atomic spectrometric methods. Urine borate concentrations
in non-exposed individuals are in the range of 0.004-.66 mg/dL. Normal se-
rum levels range up to 0.2 mg/dL in adults, and in children to 0.125 mg/dL.7



Levels reported in toxic incidents have varied widely, and it is felt that serum
levels are of little use in guiding therapy.1



Treatment



1. Skin decontamination. Wash skin with soap and water as outlined in
Chapter 2. Eye contamination should be removed by prolonged flushing of the
eye with copious amounts of clean water or saline. If irritation persists, special-
ized medical treatment should be obtained.



2. Gastrointestinal decontamination. In acute poisonings, if a large amount



Commercial Products
(Continued)



HALOAROMATIC
SUBSTITUTED UREAS



diflubenzuron
Dimilin
Micromite
Vigilante



teflubenzuron
Dart
Diaract
Nomolt



METHOPRENE



Altosid
Apex
Diacon
Dianex
Kabat
Minex
Pharorid
Precor



PROPARGITE



Comite
Fenpropar
Omite
Ornamite
Mightikill



PYRETHROIDS



allethrin
Pynamin



barthrin (nr)
bioallethrin
D-trans



biopermethrin (nr)
bioresmethrin (nr)
cismethrin (nr)
cyfluthrin
Baythroid



cypermethrin
Ammo
Barricade
CCN52
Cymbush
Cymperator
Cynoff
Cyperkill
Cyrux



(Continued on the next page)
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has been ingested and the patient is seen within one hour of exposure, gas-
trointestinal decontamination should be considered as outlined in Chapter 2. It
is important to keep in mind that vomiting and diarrhea are common, and
severe poisoning may be associated with seizures. Therefore induction of eme-
sis by syrup of ipecac is probably contraindicated in these exposures. Catharsis
is not indicated if diarrhea is present.



3. Intravenous fluids. If ingestion of borate has been massive (several grams),
or has extended over several days, administer intravenous glucose and electro-
lyte solutions to sustain urinary excretion of borate. Monitor fluid balance and
serum electrolytes (including bicarbonate capacity) regularly. Monitor cardiac
status by ECG. Test the urine for protein and cells to detect renal injury, and
monitor serum concentration of borate. Metabolic acidosis may be treated with
sodium bicarbonate. If shock develops, it may be necessary to infuse plasma or
whole blood. Administer oxygen continuously. If oliguria (less than 25-30 mL
urine formed per hour) occurs, intravenous fluids must be slowed or stopped to
avoid overloading the circulation. Such patients should usually be referred to a
center capable of providing intensive care for critically ill patients.



4. Hemodialysis. If renal failure occurs, hemodialysis may be necessary to
sustain fluid balance and normal extracellular fluid composition. Hemodialysis
has had limited success in enhancing clearance of borates.1



5. Peritoneal dialysis has been performed in borate poisoning5,12 and is felt to
be as effective as, and safer than, exchange transfusion in removing borate. No
large study of efficacy has been done, but it is still used somewhat less fre-
quently than hemodialysis.1



6. Seizures should be controlled as recommended for other agents and out-
lined Chapter 2.



CHLORDIMEFORM



Chlordimeform is an ovicide and acaricide. Formulations are emulsifiable
concentrates and water-soluble powders.



Toxicology



In a reported episode of occupational exposure to chlordimeform, several
workers developed hematuria. Hemorrhagic cystitis, probably due to chloraniline
biodegradation products, was the source of the blood in the urine. Symptoms
reported by the affected workers included gross hematuria, dysuria, urinary
frequency and urgency, penile discharge, abdominal and back pain, a general-
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Flectron
Folcord
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Polytrin
Ripcord
Siperin
Ustadd
others



deltamethrin
Decis
DeltaDust
DeltaGard
Deltex
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dimethrin
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  fenpropathrin
Danitol
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Meothrin
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fenvalerate
Belmark
Fenkill
Sumicidin



flucythrinate
Cybolt
Fluent
Payoff



fluvalinate
furethrin (nr)
permethrin
Ambush
Dragnet
Eksmin
Elimite
Kafil
Nix
Outflank
Permasect
Perthrine
Pounce
Pramex
Talcord
others



phthalthrin (nr)
resmethrin
Benzofuroline
Chrysron
Pynosect
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ized “hot” sensation, sleepiness, skin rash and desquamation, a sweet taste, and
anorexia. Symptoms persisted for 2-8 weeks after exposure was terminated.13



In a single case, methemoglobinemia was reported.14 Chlordimeform is not a
cholinesterase inhibitor. Chlordimeform has been voluntarily cancelled in the
U.S. due to concerns regarding increased bladder cancer incidence seen in
manufacturing workers.



Confirmation of Poisoning



Although methods do exist for measurement of urinary excretion prod-
ucts, these tests are not generally available.



Treatment



1. Precautions. Strenuous efforts should be made to protect against inhalation
and dermal contact with chlordimeform because absorption is evidently effi-
cient.



2. Skin decontamination. Wash skin with soap and water as outlined in
Chapter 2. Eye contamination should be removed by prolonged flushing of the
eye with copious amounts of clean water or saline. If irritation persists, special-
ized medical treatment should be obtained.



3. Gastrointestinal decontamination. If chlordimeform has been ingested
no more than an hour prior to treatment, consider gastrointestinal decontami-
nation as outlined in Chapter 2. Repeated doses of charcoal every 2-4 hours
may be beneficial.



4. Hydration. Because catharsis may cause serious dehydration and electrolyte
disturbances in young children, fluid balance and serum electrolytes should be
monitored. An adequate state of hydration should be maintained by oral and/
or intravenous fluids to support chlordimeform excretion.



5. Urinary analysis. Repeated analyses of urine for protein and red cells
should be done to detect injury to the urinary tract. Disappearance of hema-
turia can ordinarily be expected in 2-8 weeks. Relief from other symptoms can
usually be expected earlier.



CHLOROBENZILATE



Chlorobenzilate is a chlorinated hydrocarbon acaricide, usually formulated
as an emulsion or wettable powder for application in orchards. Use in the
United States has been discontinued.
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Toxicology



Chlorobenzilate is moderately irritating to the skin and eyes. Although struc-
turally similar to DDT, chlorobenzilate is much more rapidly excreted following
absorption, chiefly in the urine as the benzophenone and benzoic acid deriva-
tives. Based on observation of dosed animals, extreme absorbed doses may cause
tremors, ataxia, and muscle weakness. There has been one case in humans of toxic
encephalopathy following spraying in a field for 14 days at 10 hours per day. The
patient did not wear a mask while spraying. His symptoms included muscle pain,
weakness, fever, and mental status changes progressing to a tonic-clonic seizure.
He recovered without sequelae within 6 days. Treatment included respiratory
support and seizure control with phenobarbital and phenytoin.15



Chlorobenzilate is not a cholinesterase inhibitor.



Treatment



1. Skin decontamination. Wash skin with soap and water as outlined in
Chapter 2. Eye contamination should be removed by prolonged flushing of the
eye with copious amounts of clean water or saline. If irritation persists, special-
ized medical treatment should be obtained.



2. Gastrointestinal decontamination. If a large amount of chlorobenzilate
was ingested within a few hours prior to treatment, consider gastrointestinal
decontamination as outlined in Chapter 2. If the absorbed dose of chlorobenzilate
was small, if treatment is delayed, and if the patient is asymptomatic, oral ad-
ministration of activated charcoal and sorbitol may be indicated. Do not give
fats or oils.



3. Seizures. Any seizures should be treated as outlined in Chapter 2.



CYHEXATIN



Toxicology



Tricyclohexyl tin hydroxide is formulated as a 50% wettable powder for
control of mites on ornamentals, hops, nut trees, and some fruit trees. It is
moderately irritating, particularly to the eyes. While information on the sys-
temic toxicity of this specific tin compound is lacking, it should probably be
assumed that cyhexatin can be absorbed to some extent across the skin, and that
substantial absorbed doses would cause nervous system injury (see organotin
compounds in Chapter 15, Fungicides). Cyhexatin has been voluntarily can-
celled in the United States.
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Treatment



1. Skin decontamination. Wash skin with soap and water. Remove contami-
nation from the eyes by prolonged flushing with clean water or saline.



2. Gastrointestinal decontamination. Management of poisonings by inges-
tion should proceed on the assumption that cyhexatin is toxic, even though
rodent LD



50
 values are fairly high, and no human poisonings have been re-



ported. Treatment should be as with other organotin compounds.



DIETHYLTOLUAMIDE (DEET)



This chemical is a widely-used liquid insect repellent, suitable for application
to skin or to fabrics. It comes in a wide range of concentrations from 5% (Off!,
Skintastic for KidsR) to 100% (MuskolR). Compared to the widespread use of the
product, there are relatively few cases of toxicity.16 However, if used improperly,
ingested, or a very high concentration is used on children, especially repeatedly
over large skin surfaces, the potential for severe toxicity exists.17 DEET is formu-
lated with ethyl or isopropyl alcohol.



Toxicology



For many years, diethyltoluamide has been effective and generally well
tolerated as an insect repellent applied to human skin, although tingling, mild
irritation, and sometimes desquamation have followed repeated application. In
some cases, DEET has caused contact dermatitis and excerbation of pre-exist-
ing skin disease.18,19 It is very irritating to the eyes, but not corrosive.



Serious adverse effects have occurred when used under tropical condition,
when it was applied to areas of skin that were occluded during sleep (mainly
the antecubital and popliteal fossae). Under these conditions, the skin became
red and tender, then exhibited blistering and erosion, leaving painful weeping
denuded areas that were slow to heal. Severe scarring occasionally resulted
from some of these severe reactions.20



DEET is efficiently absorbed across the skin and by the gut. Blood concen-
trations of about 0.3 mg/dL have been reported several hours after dermal
application in the prescribed fashion.17 The amount absorbed increases as the
concentration of DEET rises. In addition, many commercial formulations are
prepared with ethanol as a solvent, which further increases absorption.21 Toxic
encephalopathic reactions have apparently occurred in rare instances following
dermal application, mainly in children who were intensively treated.22, 23,24 The
more frequent cause of systemic toxicity has been ingestion: deliberate in adults
and accidental in young children.16,17
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Manifestations of toxic encephalopathy have been behavioral disorders in-
cluding headache, restlessness, irritability, ataxia, rapid loss of consciousness,
hypotension, and seizures. Some cases have shown flaccid paralysis and areflexia.
Deaths have occurred following very large doses.16,17,22 Blood levels of DEET
found in fatal systemic poisonings have ranged from 168 to 240 mg per liter.17



Interpretation of DEET toxicity in some fatal cases has been complicated by
effects of simultaneously ingested ethanol, tranquilizers, and other drugs. One
well-documented case of anaphylactic reaction to DEET has been reported.
One fatal case of encephalopathy in a child heterozygous for ornithine car-
bamoyl transferase deficiency resembled Reyes syndrome, but the postmortem
appearance of the liver was not characteristic of the syndrome.



Discretion should be exercised in recommending DEET for persons who have
acne, psoriasis, an atopic predisposition, or other chronic skin condition. It should
not be applied to any skin area that is likely to be opposed to another skin surface
for a significant period of time (antecubital and popliteal fossae, inguinal areas).22



Great caution should be exercised in using DEET on children. Avoid re-
peated application day after day. Applications should be limited to exposed
areas of skin, using as little repellent as possible and washing off after use. Do
not apply to eyes and mouth and, with young children, do not apply to their
hands. Low concentrations (10% or below) are effective and may be preferred
in most situations. There are formulations labeled for children that have
concentrations of 5 to 6.5% DEET.25 If continuous repellent protection is
necessary, DEET should be alternated with a repellent having another active
ingredient. If headache or any kind of emotional or behavioral change occurs,
use of DEET should be discontinued immediately.



Confirmation of Poisoning



Methods exist for measurement of DEET in blood and tissues and of me-
tabolites in urine, but these are not widely available.



Treatment



1. Skin decontamination. Wash skin with soap and water as outlined in
Chapter 2. Eye contamination should be removed by prolonged flushing of
the eye with copious amounts of clean water or saline. If irritation persists,
specialized medical treatment should be obtained. Topical steroids and oral
antihistamines have been used for severe skin reactions that occasionally
follow application of DEET.21



2. Gastrointestinal decontamination. If a substantial amount of DEET
has been ingested within an hour of treatment, gastrointestinal decontami-
nation should be considered as outlined in Chapter 2. Induced emesis is
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usually considered contraindicated in these poisonings due to the rapid
onset of seizures.



3. Seizures. Treatment is primarily supportive, with control of seizures by
anticonvulsants, as outlined in Chapter 2. Persons surviving poisoning by in-
gestion of DEET have usually recovered within 36 hours or less.16,17



FLUORIDES



Sodium fluoride is a crystalline mineral once widely used in the United
States for control of larvae and crawling insects in homes, barns, warehouses,
and other storage areas. It is highly toxic to all plant and animal life. The only
remaining use permitted is for wood treatement



Sodium fluosilicate (sodium silico fluoride) has been used to control ec-
toparasites on livestock, as well as crawling insects in homes and work build-
ings. It is approximately as toxic as sodium fluoride. All uses in the U.S. have
been cancelled.



Sodium fluoaluminate (Cryolite) is a stable mineral containing fluoride. It
is used as an insecticide on some vegetables and fruits. Cryolite has very low
water solubility, does not yield fluoride ion on decomposition, and presents
very little toxic hazard to mammals, including humans.



Hydrofluoric acid is an important industrial toxicant, but is not used as a
pesticide. Sulfuryl fluoride is discussed in Chapter 16, Fumigants.



Toxicology



Sodium fluoride and fluosilicate used as insecticides present a serious haz-
ard to humans because of high inherent toxicity, and the possibility that chil-
dren crawling on floors of treated dwellings will ingest the material.



Absorption across the skin is probably slight, and methods of pesticide use
rarely include a hazard of inhalation, but uptake of ingested fluoride by the gut
is efficient and potentially lethal. Excretion is chiefly in the urine. Within the
first 24 hours of intoxication, renal clearance of fluoride from the blood is
rapid. However, patients go on to continue to excrete large amounts of fluoride
for several days. This is thought to be due to a rapid binding of fluoride to a
body store, probably bone. The subsequent release of fluoride from bone is
gradual enough not to cause a recurrence of toxicity.26, 27 Large loads of ab-
sorbed fluoride may potentially poison renal tubule cells, resulting in acute
renal failure. Children will have greater skeletal uptake of fluoride than adults,
therefore limiting the amount the kidney needs to handle. Despite this, chil-
dren are still at great risk because of their smaller body mass compared to adults
in relation to the amount ingested.27
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The toxic effects of fluoride in mammals are multiple, and all may threaten
life. The primary effects from fluoride result from an inhibition of critical intra-
cellular enzymes and the direct effect on ionized calcium in extra-cellular fluid.
Hypocalcemia commonly occurs.26, 28,29, 30



Ingested fluoride is transformed in the stomach to hydrofluoric acid, which
has a corrosive effect on the epithelial lining of the gastrointestinal tract. Thirst,
abdominal pain, vomiting, and diarrhea are usual symptoms. Hemorrhage in
the gastric mucosa, ulceration, erosions, and edema are common signs.31



Absorbed fluoride ion reduces extracellular fluid concentrations of
calcium and magnesium. Hypocalcemia sometimes results in tetany.30 Cardiac
arrhythmia and shock are often prominent features of severe poisoning.
Hypotension and severe arrhythmia, sometimes progressing to ventricular
fibrillation, may also occur.26, 32 These probably result from combinations of
effects of fluid and electrolyte disturbances including hyperkalemia32 and direct
actions of fluoride on heart and vascular tissues. Fluoride may directly affect the
central nervous system, resulting in headache, muscle weakness, stupor,
convulsions, and coma.26,27,28 Respiratory failure and ventricular arrythmias are
common causes of death.26,27



Confirmation of Poisoning



A population drinking water with a concentration of 1 mg per liter will
have a plasma inorganic fluoride concentration between 0.01 and 0.03 mg per
liter28 and rarely above 0.10 mg per liter. In fatal cases of poisoning, plasma
levels of 3.5 mg per liter and higher have been recorded, although survival has
been reported in patients with levels as high as 14 mg per liter.26,28



Treatment: Fluoride Toxicosis



1. Skin decontamination. Wash skin with soap and water as outlined in
Chapter 2. Eye contamination should be removed by prolonged flushing of the
eye with copious amounts of clean water or saline. If irritation persists, special-
ized medical treatment should be obtained.



2. Gastrointestinal decontamination. If sodium fluoride or sodium
fluosilicate has been ingested, consider gastric decontamination as outlined in
Chapter 2.



If the victim is obtunded or if vomiting precludes oral administration, the
airway should be protected by endotracheal intubation, then the stomach should
be gently intubated and lavaged with several ounces of one of the liquids named
below. Activated charcoal is not likely to be of use because it does not bind the
fluoride ion well.
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3. Calcium and magnesium. If the victim is fully alert, and if vomiting does
not totally prevent swallowing of a neutralizing agent, prompt oral administra-
tion of milk, calcium gluconate, or magnesium citrate will precipitate
fluoride ion in the gut and therefore may be life-saving. The milk provides the
calcium ions that will bind to fluoride, thereby reducing absorption. Magne-
sium-based antacids have also been used to neutralize the acid and facilitate the
production of poorly absorbed salts.26  There are no data on the optimum
amounts to be administered.



4. Blood analysis. A blood specimen should be drawn for serum electrolyte
analysis for sodium, potassium, calcium, magnesium, fluoride, and bicarbon-
ate capacity. Blood should also be drawn to type and cross match for blood
transfusion.



5. Intravenous fluids (initially 5% dextrose in 0.9% saline) should be started
to combat dehydration, shock, and metabolic acidosis. Fluid balance should be
monitored closely to forestall fluid overload if renal failure occurs. If metabolic
acidosis is detected, sodium bicarbonate should be administered to keep the
urine alkaline as this may hasten excretion.27 Intravenous fluids must be stopped
if anuria or oliguria (less than 25-30 mL per hour) develops.



6. Hemodialysis should be reserved for compromised renal function.26



7. Monitor cardiac status by continuous electrocardiography. Ventricular
arrhythmia may necessitate DC cardioversion.



8. Tetany. If overt or latent tetany occurs, or if hypocalcemia is demonstrated,
or if it appears likely that a significant amount of fluoride has been absorbed,
administer 10 mL of 10% calcium gluconate intravenously, at no more than
1 mL per minute.



Dosage of Calcium Gluconate:
Supplied as 100 mg/mL (10% solution)



• Adults and children over 12 years: 10 mL of 10% solution, given slowly,
intravenously. Repeat as necessary.



• Children under 12 years: 200-500 mg/kg/24 hr divided Q6 hr. For
cardiac arrest, 100 mg/kg/dose. Repeat dosage as needed.



9. Oxygen by mask should be administered for hypotension, shock, cardiac
arrhythmia, or cyanosis. Shock may require administration of plasma or blood.
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10. Acid Burns. Since these compounds can cause severe acid burns to the
esophagus and stomach, patients should be referred for surgical evaluation and
endoscopy. If burns are documented, treatment for acid burns should be con-
tinued by a surgeon or gastroenterologist.



Treatment: Sodium Fluoaluminate (Cryolite)



Cryolite is much less toxic than other fluorides. If a very large amount has
been ingested, it may be appropriate to measure serum calcium to insure that
hypocalcemia has not occurred. If so, intravenous 10% calcium gluconate would
be indicated (see 8 above). It is unlikely that treatment for fluoride toxicity
would be necessary following ingestion of sodium fluoaluminate.



HALOAROMATIC SUBSTITUTED UREAS



Diflubenzuron is a haloaromatic substituted urea which controls insects by
impairing chitin deposition in the larval exoskeleton. It is formulated in wet-
table powders, oil dispersible concentrate, and granules for use in agriculture
and forestry, for aerial application against gypsy moth, and in settings where fly
populations tend to be large, such as feedlots. Teflubenzuron is another
haloaromatic substituted urea insecticide with similar toxicologic properties.



Toxicology



There is limited absorption of diflubenzuron across the skin and intestinal
lining of mammals, after which enzymatic hydrolysis and excretion rapidly
eliminate the pesticide from tissues. Irritant effects are not reported and sys-
temic toxicity is low. Methemoglobinemia is a theoretical risk from chloraniline
formed hydrolytically, but no reports of this form of toxicity have been re-
ported in humans or animals from diflubenzuron exposure. Teflubenzuron also
shows low systemic toxicity.



Treatment



1. Skin decontamination. Wash skin with soap and water as outlined in
Chapter 2. Eye contamination should be removed by prolonged flushing of the
eye with copious amounts of clean water or saline. If irritation persists, obtain
specialized medical treatment. Sensitization reactions may require steroid therapy.



2. Gastrointestinal decontamination. If large amounts of propargite have
been ingested and the patient is seen within an hour, consider gastrointestinal
decontamination. For small ingestions, consider oral administration of activated
charcoal and sorbitol.
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METHOPRENE



Methoprene is a long chain hydrocarbon ester active as an insect growth
regulator. It is effective against several insect species. Formulations include slow-
release briquets, sprays, foggers, and baits.



Toxicology



Methoprene is neither an irritant nor a sensitizer in humans or laboratory
animals.  Systemic toxicity in laboratory animals is very low. No human poi-
sonings or adverse reactions in exposed workers have been reported.



Treatment



1. Skin decontamination. Wash contaminated skin with soap and water.
Flush contamination from eyes with copious amounts of clean water or saline.
If irritation persists, medical attention must be obtained.



2. Gastrointestinal decontamination. If a very large amount of methoprene
has been ingested, oral administration of charcoal may be considered.



PROPARGITE



Propargite is an acaricide with residual action. Formulations are wettable
powders and emulsifiable concentrates.



Toxicology



Propargite exhibits very little systemic toxicity in animals. No systemic
poisonings have been reported in humans. However, many workers having
dermal contact with this acaricide, especially during the summer months, have
experienced skin irritation and possibly sensitization in some cases.33 Eye irri-
tation has also occurred. For this reason, stringent measures should be taken to
prevent inhalation or any skin or eye contamination by propargite.



Confirmation of Poisoning



There is no readily available method for detecting absorption of propargite.
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Treatment



Treatment of contamination and ingestions should proceed essentially as
outlined for haloaromatic substituted urea.



PYRETHROIDS



These modern synthetic insecticides are similar chemically to natural pyre-
thrins, but modified to increase stability in the natural environment. They are
now widely used in agriculture, in homes and gardens, and for treatment of
ectoparasitic disease.



Pyrethroids are formulated as emulsifiable concentrates, wettable powders,
granules, and concentrates for ultra low volume application. They may be com-
bined with additional pesticides (sometimes highly toxic) in the technical product
or tank-mixed with other pesticides at the time of application. AASTAR (dis-
continued 1992), for instance, was a combination of flucythrinate and phorate.
Phorate is a highly toxic organophosphate. Nix and Elimite are permethrin
creams applied to control human ectoparasites.



Toxicology



Certain pyrethroids exhibit striking neurotoxicity in laboratory animals when
administered by intravenous injection, and some are toxic by the oral route. How-
ever, systemic toxicity by inhalation and dermal absorption is low. Although lim-
ited absorption may account for the low toxicity of some pyrethroids, rapid
biodegradation by mammalian liver enzymes (ester hydrolysis and oxidation) is
probably the major factor responsible for this phenomenon.34 Most pyrethroid
metabolites are promptly excreted, at least in part, by the kidney.



The most severe, although more uncommon, toxicity is to the central ner-
vous system. Seizures have been reported in severe cases of pyrethroid intoxica-
tion. Of 573 cases reviewed in China, there were 51 cases with disturbed
consciousness and 34 cases with seizures. Of those, only 5 were from occupa-
tional exposure.35 Seizures are more common with exposure to the more toxic
cyano-pyrethroids, which include fenvalerate, flucythrinate, cypermethrin,
deltapermethrin, and fluvalinate.34 There are no reports in the literature of sei-
zures in humans from exposure to permethrin.



Apart from central nervous system toxicity, some pyrethroids do cause dis-
tressing paresthesias when liquid or volatilized materials contact human skin.
Again, these symptoms are more common with exposure to the pyrethroids
whose structures include cyano-groups.34 Sensations are described as stinging,
burning, itching, and tingling, progressing to numbness.35, 36,37 The skin of the
face seems to be most commonly affected, but the face, hands, forearms, and
neck are sometimes involved. Sweating, exposure to sun or heat, and applica-
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tion of water enhance the disagreeable sensations. Sometimes the effect is noted
within minutes of exposure, but a 1-2 hour delay in appearance of symptoms is
more common.36, 37 Sensations rarely persist more than 24 hours. Little or no
inflammatory reaction is apparent where the paresthesia are reported; the effect
is presumed to result from pyrethroid contact with sensory nerve endings in
the skin. The paresthetic reaction is not allergic in nature, although sensitization
and allergic responses have been reported as an independent phenomenon with
pyrethroid exposure. Neither race, skin type, nor disposition to allergic disease
affects the likelihood or severity of the reaction.



Persons treated with permethrin for lice or flea infestations sometimes ex-
perience itching and burning at the site of application, but this is chiefly an
exacerbation of sensations caused by the parasites themselves, and is not typical
of the paresthetic reaction described above.



Other signs and symptoms of toxicity include abnormal facial sensation, diz-
ziness, salivation, headache, fatigue, vomiting, diarrhea, and irritability to sound
and touch. In more severe cases, pulmonary edema and muscle fasciculations can
develop.35 Due to the inclusion of unique solvent ingredients, certain formula-
tions of fluvalinate are corrosive to the eyes. Pyrethroids are not cholinesterase
inhibitors. However, there have been some cases in which pyrethroid poisoning
has been misdiagnosed as organophosphate poisoning, due to some of the similar
presenting signs, and some patients have died from atropine toxicity.35



Treatment



1. Skin decontamination. Wash skin promptly with soap and water as out-
lined in Chapter 2. If irritant or paresthetic effects occur, obtain treatment by a
physician. Because volatilization of pyrethroids apparently accounts for pares-
thesia affecting the face, strenuous measures should be taken (ventilation, pro-
tective face mask and hood) to avoid vapor contact with the face and eyes.
Vitamin E oil preparations (dL-alpha tocopheryl acetate) are uniquely effective
in preventing and stopping the paresthetic reaction.37, 38 They are safe for appli-
cation to the skin under field conditions. Corn oil is somewhat effective, but
possible side effects with continuing use make it less suitable. Vaseline is less
effective than corn oil. Zinc oxide actually worsens the reaction.



2. Eye contamination. Some pyrethroid compounds can be very corrosive
to the eyes. Extraordinary measures should be taken to avoid eye contamina-
tion. The eye should be treated immediately by prolonged flushing of the eye
with copious amounts of clean water or saline. If irritation persists, obtain pro-
fessional ophthalmologic care.



3. Gastrointestinal decontamination. If large amounts of pyrethroids, espe-
cially the cyano-pyrethroids, have been ingested and the patient is seen soon
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after exposure, consider gastrointestinal decontamination as outlined in Chap-
ter 2. Based on observations in laboratory animals34 and humans,35 large ingestions
of allethrin, cismethrin, fluvalinate, fenvalerate, or deltamethrin would be the
most likely to generate neurotoxic manifestations.



If only small amounts of pyrethroid have been ingested, or if treatment
has been delayed, oral administration of activated charcoal and cathartic prob-
ably represents optimal management. Do not give cathartic if patient has
diarrhea or an ileus.



4. Other treatments. Several drugs are effective in relieving the pyrethroid
neurotoxic manifestations observed in deliberately poisoned laboratory animals,
but none has been tested in human poisonings. Therefore, neither efficacy nor
safety under these circumstances is known. Furthermore, moderate neurotoxic
symptoms and signs are likely to resolve spontaneously if they do occur.



5. Seizures. Any seizures should be treated as outlined in Chapter 2.



SULFUR



Elemental sulfur is an acaricide and fungicide widely used on orchard,
ornamental, vegetable, grain, and other crops. It is prepared as dust in various
particle sizes and applied as such, or it may be formulated with various minerals
to improve flowability, or applied as an aqueous emulsion or wettable powder.



Toxicology



Elemental sulfur is moderately irritating to the skin and is associated with
occupationally related irritant dermatitis.39 Airborne dust is irritating to the
eyes and the respiratory tract. In hot sunny environments, there may be some
oxidation of foliage-deposited sulfur to gaseous sulfur oxides, which are very
irritating to the eyes and respiratory tract.



Ingested sulfur powder induces catharsis, and has been used medicinally
(usually with molasses) for that purpose. Some hydrogen sulfide is formed in
the large intestine and this may present a degree of toxic hazard. The character-
istic smell of rotten eggs may aid in the diagnosis. An adult has survived inges-
tion of 200 grams.40



Ingested colloidal sulfur is efficiently absorbed by the gut and is promptly
excreted in the urine as inorganic sulfate.
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Treatment



1. Skin decontamination. Wash skin with soap and water. Contamination of
the eyes should be removed by prolonged flushing with clean saline or water. If
eye irritation persists, obtain ophthamologic care.



2. Gastrointestinal decontamination. Unless an extraordinary amount of
sulfur (several grams) has been ingested shortly prior to treatment, there is
probably no need for gastrointestinal decontamination. Adsorbability of sulfur
on activated charcoal has not been tested.



The most serious consequence of sulfur ingestion is likely to be that of
catharsis, resulting in dehydration and electrolyte depletion, particularly in chil-
dren. If diarrhea is severe, oral or intravenous administration of glucose and/or
electrolyte solutions may be appropriate.
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CHAPTER 9



Chlorophenoxy Herbicides



Chlorophenoxy compounds are sometimes mixed into commercial fertilizers
to control growth of broadleaf weeds. Several hundred commercial products
contain chlorophenoxy herbicides in various forms, concentrations, and com-
binations. In some cases, the same name is used for products with different
ingredients. The exact composition must therefore be determined from the
product label. Sodium, potassium, and alkylamine salts are commonly formu-
lated as aqueous solutions, while the less water-soluble esters are applied as
emulsions. Low molecular weight esters are more volatile than the acids, salts,
or long-chain esters.



Toxicology



Some of the chlorophenoxy acids, salts, and esters are moderately irritating
to skin, eyes, and respiratory and gastrointestinal linings. In a few individuals,
local depigmentation has apparently resulted from protracted dermal contact
with chlorophenoxy compounds.



Chlorophenoxy compounds are well absorbed from the gastrointestinal
tract.1 They are less well absorbed from the lung. Cutaneous absorption appears
to be minimal.2 The compounds are not significantly stored in fat. Excretion
occurs almost entirely by way of urine. Apart from some conjugation of the
acids, there is limited biotransformation in the body.1,2 The compounds are
highly protein bound.2 The average residence half-life of 2,4-D in humans is
between 13 and 39 hours,1,3,4,5 while that of 2,4,5-T is about 24 hours. Excre-
tion is greatly enhanced in alkaline urine,4,5,6 and with a half-life as prolonged
as 70-90 hours with acidic urine.6 Half-life is also longer with large doses and
prolonged exposure.



Given in large doses to experimental animals, 2,4-D causes vomiting, diar-
rhea, anorexia, weight loss, ulcers of the mouth and pharynx, and toxic injury
to the liver, kidneys, and central nervous system. Myotonia (stiffness and inco-
ordination of hind extremities) develops in some species and is apparently due
to CNS damage: demyelination has been observed in the dorsal columns of the
cord, and EEG changes have indicated functional disturbances in the brains of
heavily-dosed experimental animals.



Ingestion of large amounts of chlorophenoxy acids has resulted in severe
metabolic acidosis in humans. Such cases have been associated with electrocar-



HIGHLIGHTS



Signs and Symptoms:



• Irritating to skin and
mucous membranes



• Vomiting, diarrhea,
headache, confusion,
bizarre or aggressive
behavior, peculiar odor on
breath



• Metabolic acidosis, renal
failure, tachycardia



Treatment:



• Washing, GI
decontamination



• Administer IV



• Forced alkaline diuresis
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diographic changes, myotonia, muscle weakness, myoglobinuria, and elevated
serum creatine phosphokinase, all reflecting injury to striated muscle.
Chlorophenoxy acids are weak uncouplers of oxidative phosphorylation; there-
fore, extraordinary doses may produce hyperthermia from increased produc-
tion of body heat.5



In the manufacture of some of these herbicides, other more toxic sub-
stances can be formed at excessive temperatures. These include chlorinated
dibenzo dioxin (CDD) and chlorinated dibenzo furan (CDF). The 2,3,7,8-
tetra CDD form is extraordinarily toxic to multiple mammalian tissues; it is
formed only in the synthesis of 2,4,5-T. Hexa-, hepta-, and octa-compounds
exhibit less systemic toxicity, but are the likely cause of chloracne (a chronic,
disfiguring skin condition) seen in workers engaged in the manufacture of
2,4,5-T and certain other chlorinated organic compounds.7 Although toxic
effects, notably chloracne, have been observed in manufacturing plant workers,
these effects have not been observed in formulators or applicators regularly
exposed to 2,4,5-T or other chlorophenoxy compounds. All uses of 2,4,5-T in
the U.S. have been cancelled.



The medical literature contains reports of peripheral neuropathy following
what seemed to be minor dermal exposures to 2,4-D.8 It is not certain that
exposures to other neurotoxicants were entirely excluded in these cases. Single
doses of 5 mg/kg body weight of 2,4-D and 2,4,5-T have been administered to
human subjects without any adverse effects. One subject consumed 500 mg of
2,4-D per day for 3 weeks without experiencing symptoms or signs of illness.



Signs and Symptoms of Poisoning



Chlorophenoxy compounds are moderately irritating to skin and mucous
membranes. Inhalation of sprays may cause burning sensations in the nasophar-
ynx and chest, and coughing may result. Prolonged inhalation sometimes causes
dizziness. Adjuvant chemicals added to enhance foliage penetration might ac-
count for the irritant effects of some formulations.



Manifestations of systemic toxicity of chlorophenoxy compounds are known
mainly from clinical experience with cases of deliberate suicidal ingestion of
large quantities. Most reports of fatal outcomes involve renal failure, acidosis,
electrolyte imbalance, and a resultant multiple organ failure.3,6,9 The agents most
often involved in these incidents have been 2,4-D and mecoprop. The toxic
effects of other chlorophenoxy compounds are probably similar but not identical.



Patients will present within a few hours of ingestion with vomiting, diar-
rhea, headache, confusion, and bizarre or aggressive behavior. Mental status
changes occur with progression to coma in severe cases.4,5,6 A peculiar odor is
often noticed on the breath. Body temperature may be moderately elevated,
but this is rarely a life-threatening feature of the poisoning. The respiratory
drive is not depressed. Conversely, hyperventilation is sometimes evident, prob-



Commercial Products



2,4-dichlorophenoxyacetic acid
(2,4-D)



2,4-dichlorophenoxypropionic
acid (2,4-DP)
dichlorprop



2,4-dichlorophenoxybutyric
acid (2,4-DB)



2,4,5-trichlorophenoxy acetic
acid (2,4,5-T)



MCPA
MCPB
mecoprop (MCPP)
2-methyl-3, 6 dichlorobenzoic
acid
Banvel
Dicamba
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ably secondary to the metabolic acidosis that occurs. Muscle weakness and
peripheral neuropathy have been reported after occupational exposure.6 Con-
vulsions occur very rarely. With effective urinary excretion of the toxicant,
consciousness usually returns in 48-96 hours.4,5,6



As mentioned above, chlorophenoxy compounds cause significant meta-
bolic changes. Metabolic acidosis is manifest as a low arterial pH and bicarbon-
ate content. The urine is usually acidic. Skeletal muscle injury, if it occurs, is
reflected in elevated creatine phosphokinase, and sometimes myoglobinuria.
Moderate elevations of blood urea nitrogen and serum creatinine are com-
monly found as the toxicant is excreted. Cases of renal failure are reported,
often with an accompanying hyperkalemia or hypocalcemia that was thought
to result in the cardiovascular instability that led to death.3,9 Tachycardia is com-
monly observed, and hypotension has also been reported.3,4,6 T-wave flattening
has also been observed.5 Mild leukocytosis and biochemical changes indicative
of liver cell injury have been reported.



Myotonia and muscle weakness may persist for months after acute poison-
ing.5 Electromyographic and nerve conduction studies in some recovering pa-
tients have demonstrated a mild proximal neuropathy and myopathy.



Confirmation of Poisoning



Gas-liquid chromatographic methods are available for detecting
chlorophenoxy compounds in blood and urine. These analyses are useful in
confirming and assessing the magnitude of chlorophenoxy absorption. Poison-
ing characterized by unconsciousness has shown initial blood chlorophenoxy
concentrations ranging from 80 to more than 1000 mg per liter.4 Urine samples
should be collected as soon as possible after exposure because the herbicides
may be almost completely excreted in 24-72 hours under normal conditions.
Urine samples can also confirm overexposure. In a study of asymptomatic her-
bicide applicators, their urinary excretion of chlorophenoxy compounds rarely
exceeded 1-2 mg/L.10 The half-life may be much longer in cases of intoxica-
tion depending on the extent of absorption and urine pH.



Analyses can be performed at special laboratories usually known to local poi-
son control centers. If the clinical scenario indicates that excessive exposure to
chlorophenoxy compounds has occurred, initiate appropriate treatment measures
immediately. Do not wait for chemical confirmation of toxicant absorption.



Treatment



1. Precautions. Individuals with chronic skin disease or known sensitivity to
these herbicides should either avoid using them or take strict precautions to
avoid contact (respirator, gloves, etc.).
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2. Respiratory protection. If any symptoms of illness occur during or fol-
lowing inhalation of spray, remove victim from contact with the material for at
least 2-3 days. Allow subsequent contact with chlorophenoxy compounds only
if effective respiratory protection is practiced.



3. Skin decontamination. Flush contaminating chemicals from eyes with
copious amounts of clean water for 10-15 minutes. If irritation persists, an
ophthalmologic examination should be performed.



4. Gastrointestinal decontamination. If substantial amounts of chlorophenoxy
compounds have been ingested, spontaneous emesis may occur. Gastric decon-
tamination procedures may be considered, as outlined in Chapter 2.



5. Intravenous fluids. Administer intravenous fluids to accelerate excretion of
the chlorophenoxy compound, and to limit concentration of the toxicant in
the kidney. A urine flow of 4-6 mL/minute is desirable. Intravenous saline/
dextrose has sufficed to rescue comatose patients who drank 2,4-D and mecoprop
several hours before hospital admission.



Caution: Monitor urine protein and cells, BUN, serum creatinine, serum
electrolytes, and fluid intake/output carefully to insure that renal function re-
mains unimpaired and that fluid overload does not occur.



6. Diuresis. Forced alkaline diuresis has been used successfully in management
of suicidal ingestions of chlorophenoxy compounds, especially when initiated
early.4,5,6 Alkalinizing the urine by including sodium bicarbonate (44-88 mEq
per liter) in the intravenous solution accelerates excretion of 2,4-D dramati-
cally and mecoprop excretion substantially. Urine pH should be maintained
between 7.6 and 8.8. Include potassium chloride as needed to offset increased
potassium losses: add 20-40 mEq of potassium chloride to each liter of intrave-
nous solution. It is crucial to monitor serum electrolytes carefully, especially
potassium and calcium.



There may possibly be some hazard to the kidneys when urine concentra-
tions of toxicant are very high, so the integrity of renal function and fluid
balance should be monitored carefully as the chlorophenoxy compound is ex-
creted. Renal failure has occurred in patients with severe intoxication during
alkaline diuresis. In one case, the diuresis was begun 26 hours after ingestion,6



and the other two were initiated a couple days after poisoning.3,9



7. Hemodialysis is not likely to be of significant benefit in poisonings by
chlorophenoxy compounds. It has been used in four patients who survived
intoxication.11 However, given the highly protein-bound nature of these herbi-
cides and lack of any other evidence, hemodialysis is not recommended.2
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8. Follow-up clinical examination should include electromyographic and
nerve conduction studies to detect any neuropathic changes and neuromuscu-
lar junction defects.



General Chemical Structure
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CHAPTER 10



Pentachlorophenol



Pentachlorophenol (PCP) is currently registered in the United States only as
a restricted use pesticide for use as a wood preservative. PCP has been used as
an herbicide, algacide, defoliant, wood preservative, germicide, fungicide, and
molluscicide.1 As a wood preservative, it is commonly applied as a 0.1% solu-
tion in mineral spirits, No. 2 fuel oil, or kerosene. It is used in pressure treat-
ment of lumber at 5% concentration. Weed killers have contained higher
concentrations.



Pentachlorophenol volatilizes from treated wood and fabric. It has a signifi-
cant phenolic odor, which becomes quite strong when the material is heated.
Excessively treated interior surfaces may be a source of exposure sufficient to
cause irritation of eyes, nose, and throat.



Technical PCP contains lower chlorinated phenols (4-12%) plus traces of
chlorobenzodioxins, chlorobenzofurans, and chlorobenzenes. Incomplete com-
bustion of PCP-treated wood may lead to the formation of these compounds.



Toxicology



PCP is readily absorbed across the skin, the lungs, and the gastrointestinal
lining. In animals, the dermal LD50 is of the same order of magnitude as the
oral. With acute exposure it is rapidly excreted, mainly in the urine, as un-
changed PCP and as PCP glucuronide. In chronic exposures, the elimination
half-life has been reported to be very long, up to 20 days.2 In another study,
three volunteers took consecutive oral doses of PCP, and a half-life of 20 days
was also found. The long half-life was attributed to the low urinary clearance
because of high protein binding.3 In the blood, a large fraction of absorbed
PCP is protein-bound. It is widely distributed to other tissues in the body,
including kidney, heart, and adrenal glands.



At certain concentrations, PCP is irritating to mucous membranes and
skin. Contact dermatitis is common among workers having contact with PCP.
In a study of employees involved in the manufacture of PCP, chloracne was
found in 7% of the workers, and the risk was significantly higher among em-
ployees with documented skin contact compared to employees without skin
contact.4 Urticaria has also been reported as an uncommon response in ex-
posed persons.



HIGHLIGHTS



• Absorbed by skin, lung, GI
lining



• Fatalities reported,
associated with intensive
exposure in hot
environments



Signs and Symptoms:



• Irritation of the nose,
throat, and eyes



• Hyperthermia, muscle
spasm, tremor, labored
breathing, and chest
tightness indicate serious
poisoning



Treatment:



• No specific antidote



• Control fever, replace fluids,
oxygen



• Decontaminate eyes, skin,
hair, clothing



• Monitor cardiac status,
control agitation



Contraindicated:



• Salicylates for fever control
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The primary toxicological mechanism is increased cellular oxidative me-
tabolism resulting from the uncoupling of oxidative phosphorylation. Heat pro-
duction is increased and leads to clinical hyperthermia. This clinical state may
mimic the signs and symptoms found in hyperthyroidism. Internally, large doses
are toxic to the liver, kidneys, and nervous system.



Based on laboratory experimentation on animals, PCP has been reported
to have fetotoxic and embrotoxic properties and to bind to various hormone
receptors.5, 6 Epidemiological evidence suggests exposed persons may be at risk
for miscarriages, reduced birth weight, and other malformations.7,8



Albuminuria, glycosuria, aminoaciduria, and elevated BUN reflect renal
injury. Liver enlargement, anemia, and leukopenia have been reported in some
intensively exposed workers. Elevated serum alkaline phosphatase, AST, and
LDH enzymes indicate significant insult to the liver, including both cellular
damage and some degree of biliary obstruction.



Signs and Symptoms of Poisoning



The most common effects of airborne PCP include local irritation of the
nose, throat, and eyes, producing a stuffy nose, scratchy throat, and tearing.
Dermal exposure is also common and may lead to irritation, contact dermatitis,
or more rarely, diffuse urticaria or chloracne. Individual cases of exfoliative
dermatitis of the hands and diffuse urticaria and angioedema of the hands have
been reported in intensively exposed workers. Several infant deaths occurred in
a nursery where a PCP-containing diaper rinse had been used.



Severe poisoning and death have occurred as a result of intensive PCP
exposure. Acute poisoning occurs with systemic absorption which can occur
by any route of sufficient dosage. Most occupational poisonings occur through
dermal contact. Hyperthermia, muscle spasm, tremor, labored breathing, and
chest tightness indicate serious poisoning. The patient may also complain of
abdominal pain, and exhibit vomiting, restlessness, and mental confusion. Ta-
chycardia and increased respiratory rate are usually apparent. Other commonly
reported signs and symptoms of systemic poisoning include profuse sweating,
weakness, dizziness, anorexia, and intense thirst. Workers exposed over long
periods may experience weight loss.



Most adult fatalities have occurred in persons working in hot environ-
ments where hyperthermia is poorly tolerated. Cases of aplastic anemia and
leukemia have been reported which were associated temporally with PCP ex-
posure. Causal relationships in these cases were not established.9 Peripheral neu-
ropathies have also been reported in some cases of long-term occupational
exposure; however, a causal relationship has not been supported by longitudi-
nal studies.10



Commercial Products



Chlorophen
PCP
Penchlorol
Penta
Pentacon
Penwar
Sinituho



The sodium salt is sodium
pentachlorophenate.
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Confirmation of Poisoning



If poisoning is strongly suspected on the basis of exposure, symptoms, and
signs, do not postpone treatment until diagnosis is confirmed.



PCP can be measured in blood, urine, and adipose tissue by gas-liquid
chromatography. Plasma levels can be much greater than urine levels (ratio of
blood to urine is 1.0 to 2.5) so care must be taken in interpreting results.10,11



There is no clear-cut determination of what constitutes an abnormally high
level of PCP, and there is great variability among different references. Most
information on the extent of serum levels in relation to toxicity is based on
individual cases or small series of patients. Reports exist of asymptomatic in-
fants with serum levels as high as 26 parts per million (ppm).11,12 However, most
reports of non-occupational exposure in the general public involve levels in the
parts per billion range.1,13-15 Food is probably the main source of this nano-
gram-level dosage.1 Serum levels among occupationally exposed persons often
exceed 1 ppm.1 A report of a lethal case describes a plasma level of 16 ppm,16



but most cases generally involve serum levels in the range of 100 ppm or
higher.11,17 It is reasonable to assume that levels greater than 1 ppm are consis-
tent with an unusual exposure and that levels approaching 100 ppm are cause
for great concern.



Treatment



1. Supportive treatment and hyperthermia control. There is no specific
antidote to the poisoning; therefore treatment is supportive in nature including
oxygen, fluid replacement, and most importantly, fever control.



Reduce elevated body temperature by physical means. Administer sponge
baths and use fans to increase evaporation.18 In fully conscious patients, admin-
ister cold, sugar-containing liquids by mouth as tolerated. Cooling blankets and
ice packs to body surfaces may also be used.



Antipyretic therapy with salicylates is strongly contraindicated as salicy-
lates also uncouple oxidative phosphorylation. Other antipyretics are thought
to be of no use because of the peripherally mediated mechanism of hyperther-
mia in poisoning of this nature. Neither the safety nor the effectiveness of the
other antipyretics has been tested.



Administer oxygen continuously by mask to minimize tissue anoxia. Un-
less there are manifestations of cerebral or pulmonary edema or of inadequate
renal function, administer intravenous fluids to restore hydration and support
physiologic mechanisms for heat loss and toxicant disposition. Monitor serum
electrolytes, adjusting IV infusions to stabilize electrolyte concentrations. Fol-
low urine contents of albumin and cells, and keep an accurate hourly record of
intake/output to forestall fluid overload if renal function declines.



Caution: In the presence of cerebral edema and/or impaired renal func-
tion, intravenous fluids must be administered very cautiously to avoid increased
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intracranial pressure and pulmonary edema. Central monitoring of venous and
pulmonary wedge pressures may be indicated. Such critically ill patients should
be treated in an intensive care unit.



2. Skin decontamination. Flush the chemical from eyes with copious amounts
of clean water. Perform skin decontamination as described in Chapter 2.



3. Cardiopulmonary monitoring. In severe poisonings, monitor pulmo-
nary status carefully to insure adequate gas exchange, and monitor cardiac sta-
tus by ECG to detect arrhythmias. The toxicant itself and severe electrolyte
disturbances may predispose to arrhythmias and myocardial weakness.



4. Neurological. To reduce production of heat in the body, control agitation and
involuntary motor activity with sedation. Lorazepam or other benzodiazepines
should be effective, although use of these drugs in these poisonings has not been
reported. If lorazepam is chosen, administer slowly, intravenously.



Dosage of Lorazepam:



• Adults: 2-4 mg/dose IV given over 2-5 minutes. Repeat if necessary
to a maximum of 8 mg in a 12-hour period.



• Adolescents: Same as adult dose, except maximum dose is 4 mg.



• Children under 12 years: 0.05-0.10 mg/kg IV over 2-5 minutes. Re-
peat if necessary 0.05 mg/kg 10-15 minutes after first dose, with a
maximum dose of 4 mg.



Caution: Be prepared to assist pulmonary ventilation mechanically if
respiration is depressed, to intubate the trachea if laryngospasm occurs,
and to counteract hypotensive reactions.



5. Gastrointestinal decontamination. If PCP has been ingested in a quan-
tity sufficient to cause poisoning and the patient presents within one hour,
consider gastric decontamination as outlined in Chapter 2.



6. Nutrition. During convalescence, administer a high-calorie, high-vitamin
diet to restore body fat and carbohydrates. Discourage subsequent contact with
the toxicant for 4-8 weeks (depending on severity of poisoning) to allow full
restoration of normal metabolic processes.
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Chemical Structure
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CHAPTER 11



Nitrophenolic and
Nitrocresolic Herbicides



These highly toxic chemicals have many uses in agriculture worldwide, as her-
bicides (weed-killing and defoliation), acaricides, nematocides, ovicides, and
fungicides. Relatively insoluble in water, most technical products are dissolved
in organic solvents and formulated for spray application as emulsions. There are
some wettable powder formulations. Only dinocap continues to have active
registrations in the United States.



Toxicology



Nitroaromatic compounds are highly toxic to humans and animals with
LD50s in the range of 25 to 50 mg/kg.1 Most nitrophenols and nitrocresols are
well absorbed by the skin, gastrointestinal tract, or lung when fine droplets are
inhaled.2 Fatal poisonings have occurred as a result of dermal contamination;
more common is a moderate irritation of the skin and mucous membranes.



Nitrophenols and nitrocresols undergo some biotransformation in humans,
chiefly reduction (one nitro group to an amino group) and conjugation at the
phenolic site. Although nitrophenols and metabolites appear consistently in
the urine of poisoned individuals, hepatic excretion is probably the main route
of disposition. Elimination is slow with a documented half-life in humans be-
tween 5 and 14 days.1 Blood and tissue concentrations tend to increase pro-
gressively if an individual is substantially exposed on successive days.



The basic mechanism of toxicity is stimulation of oxidative metabolism in
cell mitochondria, by the uncoupling of oxidative phosphorylation. This leads
to hyperthermia, tachycardia, headache, malaise, and dehydration, and in time,
depletes carbohydrate and fat stores. The major systems prone to toxicity are
the hepatic, renal, and nervous systems. The nitrophenols are more active as
uncouplers than chlorophenols such as pentachlorophenol (described in chap-
ter 10). Hyperthermia and direct toxicity on the brain cause restlessness and
headache, and in severe cases, seizures, coma, and cerebral edema. The higher
the ambient temperature, such as in an outdoor agricultural environment, the
more difficult it is to dissipate the heat.1,2 Liver parenchyma and renal tubules
show degenerative changes. Albuminuria, pyuria, hematuria, and azotemia are
signs of renal injury.



HIGHLIGHTS



• Highly toxic herbicides



• Affect hepatic, renal, and
nervous systems



Signs and Symptoms:



• Sweating, thirst, fever,
headache, confusion,
malaise, and restlessness



• Hyperthermia, tachycardia,
tachypnea in serious cases



• Characteristic bright yellow
staining of skin and hair
often present with topical
exposure



Treatment:



• No specific antidote



• Replace oxygen and fluids,
control temperature



• Decontaminate skin, hair,
clothing



Contraindicated:



• Antipyretic therapy with
salicylates



• Atropine
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 Cataracts occur in laboratory animals given nitrophenols, and have oc-
curred in humans, both as a result of ill-advised medicinal use and as a conse-
quence of chronic, occupational exposure.3 Cataract formation is sometimes
accompanied by glaucoma.



Signs and Symptoms of Poisoning



Most patients present within a few hours of exposure with generalized
non-specific signs and symptoms including profuse sweating, thirst, fever, head-
ache, confusion, malaise, and restlessness. The skin may appear warm and flushed
as hyperthermia develops, along with tachycardia, and tachypnea, all of which
indicate a serious degree of poisoning. Apprehension, anxiety, manic behavior,
seizures, and coma reflect cerebral injury; seizures and coma signify an immedi-
ately life-threatening intoxication. Labored breathing and cyanosis are conse-
quences of the stimulated metabolism and tissue anoxia. Renal failure may
occur early in cases of severe exposure. Liver damage is first manifested by
jaundice, and cell death can occur within 48 hours and is dose-dependent.4



Death may occur within 24 to 48 hours after exposure in cases of severe poi-
soning.2 In cases of survival of severe poisoning, complete resolution of symp-
toms may be slow due to the toxicant’s long half-life.1,5



A characteristic bright yellow staining of skin and hair is often present with
topical exposure and can be an important diagnostic clue to the clinician.1,2,5



Yellow staining of the sclerae and urine indicates absorption of potentially
toxic amounts. Weight loss occurs in persons continually exposed to relatively
low doses of nitrophenols or nitrocresols.1,3



Confirmation of Poisoning



If poisoning is probable, do not await confirmation before beginning treatment.
Save urine and blood specimens on ice at temperature below 20° C in the event
confirmation is necessary later on. Unmetabolized nitrophenols and nitrocresols
can be identified spectrophotometrically, or by gas-liquid chromatography, in the
serum at concentrations well below those that have been associated with acute
poisonings. The data on exposure and systemic levels of compounds in this group
are limited, and most reports specify the compound dinitro-ortho-cresol. In general,
blood levels of 10 mcg/dL or greater are usually seen when systemic toxicity is
evident.1,6 One fatal case occured with a level of 75 mcg/dL.6 Blood analysis is
useful in confirming the cause of poisoning. Monitoring of levels should be done
routinely during acute intoxication in order to establish a decay curve to determine
when therapy can be safely discontinued.



Commercial Products



dinitrocresol*
Chemsect DNOC
DNC
DNOC
Elgetol 30
Nitrador
Selinon
Sinox
Trifocide



dinitrophenol*
Chermox PE



dinobuton*
Acrex
Dessin
Dinofen
Drawinol
Talan



dinocap
Crotothane
Karathane



dinopenton
dinoprop*
dinosam*



Chemox General
DNAP



dinoseb*
Basanite
Caldon
Chemox General
Chemox PE
Chemsect DNBP
Dinitro
Dinitro-3
Dinitro General Dynamyte
Dinitro Weed Killer 5
DNBP
Elgetol 318
Gebutox
Hel-Fire
Kiloseb
Nitropone C
Premerge 3
Snox General
Subitex
Unicrop DNBP
Vertac
Vertac General Weed Killer
Vertac Selective Weed Killer



dinoseb acetate*
Aretit



dinoseb methacrylate*
Acricid
Ambox
binapacryl



(Continued on the next page)
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Treatment



1. Supportive treatment and hyperthermia control. There is no specific
antidote to poisoning with nitrophenolic or nitrocresolic herbicides. Treatment
is supportive in nature and includes oxygen, fluid replacement, and tempera-
ture control.



Reduce elevated body temperature by physical means. Administer
sponge baths and ice packs, and use a fan to promote air flow and evaporation.7



In fully conscious patients, administer cold, sugar-containing liquids by mouth
as tolerated.



2. Contraindications. Antipyretic therapy with salicylates is strongly
contraindicated as salicylates also uncouple oxidative phosphorylation. Other
antipyretics are thought to be of no use because of the peripherally mediated
mechanism of hyperthermia in poisoning of this nature. Neither the safety nor
the effectiveness of other antipyretics has been tested.



Atropine is also absolutely contraindicated! It is essential not to con-
fuse the clinical signs for dinitrophenol with manifestations for cholinesterase
inhibition poisoning.2



3. Skin decontamination. If poisoning has been caused by contamination of
body surfaces, bathe and shampoo contaminated skin and hair promptly and
thoroughly with soap and water, or water alone if soap is not available. Wash the
chemical from skin folds and from under fingernails. Care should be taken to
prevent dermal contamination of hospital staff. See Chapter 2.



4. Other Treatment. Other aspects of treatment are identical to management
of pentachlorophenol poisoning, detailed in Chapter 10.



General Chemical Structure
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Commercial Products
(Continued)



Dapacryl
Endosan
FMC 9044
Hoe 002784
Morrocid
NIA 9044



dinosulfon*
dinoterb acetate*
dinoterb salts*
dinoterbon*



* All U.S. registrations have
been cancelled
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CHAPTER 12



Paraquat and Diquat



The dipyridyl compounds paraquat and diquat are non-selective contact
herbicides that are relatively widely-used, primarily in agriculture and by
government agencies and industries for control of weeds. While paraquat is a
restricted-use pesticide in most forms for most uses in the United States, its
wide usage leads to significant potential for misuse and accidental and inten-
tional poisonings. In the past few decades, paraquat has been a popular agent
for suicide, but recent experience indicates a decline in such intentional
poisonings. Paraquat and diquat are highly toxic compounds and management
of poisonings requires a great deal of skill and knowledge of proper manage-
ment procedures.



PARAQUAT



Toxicology



When ingested in adequate dosage (see below), paraquat has life-threaten-
ing effects on the gastrointestinal tract, kidney, liver, heart, and other organs.
The LD



50
 in humans is approximately 3-5 mg/kg, which translates into as little



as 10-15 mL of a 20% solution.1,2



The lung is the primary target organ of paraquat, and pulmonary effects
represent the most lethal and least treatable manifestation of toxicity. However,
toxicity from inhalation is rare. The primary mechanism is through the genera-
tion of free radicals with oxidative damage to lung tissue.1,2 While acute pul-
monary edema and early lung damage may occur within a few hours of severe
acute exposures,3,4 the delayed toxic damage of pulmonary fibrosis, the usual
cause of death, most commonly occurs 7-14 days after the ingestion.5 In pa-
tients who ingested a very large amount of concentrated solution (20%), some
have died more rapidly (within 48 hours) from circulatory failure.5



Both types I and II pneumatocytes appear to selectively accumulate paraquat.
Biotransformation of paraquat in these cells results in free-radical production
with resulting lipid peroxidation and cell injury.1,2,4 Hemorrhage proteinaceous
edema fluid and leukocytes infiltrate the alveolar spaces, after which there is rapid
proliferation of fibroblasts. There is a progressive decline in arterial oxygen tension
and CO2 diffusion capacity. Such a severe impairment of gas exchange causes
progressive proliferation of fibrous connective tissue in the alveoli and eventual
death from asphyxia and tissue anoxia.6 One prospective study of survivors suggests



HIGHLIGHTS



• Life-threatening effects on
GI tract, kidney, liver, heart,
other organs



• Pulmonary fibrosis is the
usual cause of death in
paraquat poisoning (but not
diquat)



Signs and Symptoms:



• Paraquat and diquat
(ingestion): burning pain in
the mouth, throat, chest,
upper abdomen; pulmonary
edema, pancreatitis, other
renal, CNS effects



• Paraquat (dermal): dry and
fissured hands, horizontal
ridging or loss of fingernails,
ulceration and abrasion



• Diquat: neurologic toxicity



Treatment:



• Immediate GI
decontamination with
Bentonite, Fuller’s Earth, or
activated charcoal



• Maintain urinary output by
administering IV, but
monitor fluids in case of
renal failure



• Decontaminate eyes and
skin



Contraindicated:



• No supplemental oxygen
unless patient develops
severe hypoxemia
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that some of the fibrous toxic damage may be reversible as evidence exists of
markedly improved pulmonary function three months after survival.7



Local skin damage includes contact dermatitis. Prolonged contact will pro-
duce erythema, blistering, abrasion and ulceration, and fingernail changes.8,9



Although absorption across intact skin is slow, abraded or eroded skin allows
efficient absorption.



The gastrointestinal (GI) tract is the site of initial or phase I toxicity to the
mucosal surfaces following ingestion of the substance. This toxicity is manifested
by swelling, edema, and painful ulceration of the mouth, pharynx, esophagus,
stomach, and intestine. With higher levels, other GI toxicity includes centrizonal
hepatocellular injury which can cause elevated bilirubin, and hepatocellular en-
zymes such as AST, ALT, and LDH.



Damage to the proximal renal tubule is often more reversible than the
destruction to lung tissue. However, impaired renal function may play a critical
role in determining the outcome of paraquat poisoning. Normal tubule cells
actively secrete paraquat into the urine, efficiently clearing it from the blood.
However, high blood concentrations poison the secretory mechanism and may
destroy the cells. Diquat poisoning typically results in greater renal injury com-
pared to paraquat.



Focal necrosis of the myocardium and skeletal muscle are the main features
of toxicity to any type of muscle tissue, and typically occur as a second phase.
Ingestion has also been reported to cause cerebral edema and brain damage.10



 Although much concern has been expressed about the effects of smoking
paraquat-contaminated marijuana, toxic effects caused by this mechanism have
been either very rare or nonexistent. Most paraquat that contaminates marijuana
is pyrolyzed during smoking to dipyridyl, which is a product of combustion of
the leaf material itself (including marijuana) and presents little toxic hazard.



Signs and Symptoms of Poisoning



Initial clinical signs depend upon the route of exposure. Early symptoms
and signs of poisoning by ingestion are burning pain in the mouth, throat,
chest, and upper abdomen, due to the corrosive effect of paraquat on the mu-
cosal lining. Diarrhea, which is sometimes bloody, can also occur. Giddiness,
headache, fever, myalgia, lethargy, and coma are other examples of CNS and
systemic findings. Pancreatitis may cause severe abdominal pain. Proteinuria,
hematuria, pyuria, and azotemia reflect renal injury. Oliguria/anuria indicate
acute tubular necrosis.



Because the kidney is almost the exclusive route of paraquat elimination
from body tissues, renal failure fosters a build-up of tissue concentrations, in-
cluding those in the lung. Unfortunately, this pathogenic sequence may occur
in the first several hours following paraquat ingestion, generating lethal con-
centrations of paraquat in lung tissue before therapeutic measures to limit ab-
sorption and enhance disposition have taken effect. It is probably for this reason



Commercial Products



Paraquat



Liquid Concentrates:
Cekuquat
Crisquat
Dextrone
Esgram
Goldquat
Gramocil
Gramonol
Gramoxone



In combination with other
herbicides:
With diquat:



Actor
Preeglone
Preglone
Weedol (a 2.5% soluble
granule formulation)



With diuron:
Dexuron
Gramuron
Para-col
Tota-col



With monolinuron:
Gramonol



With simazine:
Pathclear
Terraklene



Diquat



Aquacide
Dextrone
Ortho Diquat
Reglone
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that methods for enhancing paraquat disposition several hours following inges-
tion have had little effect on mortality.



Cough, dyspnea, and tachypnea usually appear 2-4 days following paraquat
ingestion, but may be delayed as long as 14 days. Progressive cyanosis and dys-
pnea reflect deteriorating gas exchange in the damaged lung. In some cases, the
coughing up of frothy sputum (pulmonary edema) is the early and principal
manifestation of paraquat lung injury.



Clinical experience has offered a rough dose-effect scale on which to base
prognosis in cases of paraquat ingestion:9



• Less than 20 mg paraquat ion per kg body weight (less than 7.5
mL of 20% [w/v] paraquat concentrate): No symptoms or only
gastrointestinal symptoms occur. Recovery is likely.



• Twenty to 40 mg paraquat ion per kg body weight (7.5-15.0 mL
of 20% [w/v] paraquat concentrate): Pulmonary fibroplasia ensues.
Death occurs in most cases, but may be delayed 2-3 weeks.



• More than 40 mg paraquat ion per kg body weight (more than
15.0 mL of 20% [w/v] paraquat concentrate): Multiple organ
damage occurs as in class II, but is more rapidly progressive. Often
characterized by marked ulceration of the oropharynx. Mortality is
essentially 100% in 1-7 days.



Dermal signs are common among agriculture workers with acute paraquat
toxicity. Particularly in concentrated form, paraquat causes localized injury to
tissues with which it comes into contact. Fatal poisonings are reported to
have occurred as a result of protracted dermal contamination by paraquat, but
this is likely to occur only when the skin is abraded, eroded, or diseased,
when more efficient systemic absorption can occur. With an intact dermal
barrier, paraquat leaves the skin of the hands dry and fissured, can cause hori-
zontal ridging of the fingernails, and may even result in the loss of fingernails.
Prolonged contact with skin will create ulceration and abrasion, sufficient to
allow systemic absorption.



In addition, some agriculture workers can be exposed through prolonged
inhalation of spray droplets, and develop nosebleeds due to local damage.
However, inhalation has not resulted in systemic toxicity, due to the low
vapor pressure and lower concentration of paraquat field formulations. Eye
contamination with diquat concentrate or stronger solutions results in severe
conjunctivitis and sometimes protracted corneal opacification.



The hepatic injury from paraquat may be severe enough to cause jaun-
dice, which signifies severe injury. However, hepatotoxicity is rarely a major
determinant to clinical outcome. No other hepatic signs or symptoms are
present other than the abnormal laboratory values mentioned in the Toxicol-
ogy section.
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DIQUAT



Toxicology



Diquat poisoning is much less common than paraquat poisoning, so that
human reports and animal experimental data for diquat poisoning are less ex-
tensive than for paraquat. Systemically absorbed diquat is not selectively con-
centrated in lung tissue, as is paraquat, and pulmonary injury by diquat is less
prominent. In animal studies, diquat causes mild, reversible injury to type I
pneumatocytes, but does not injure the type II cells. No progressive pulmonary
fibrosis has been noted in diquat poisoning.11-13



However, diquat has severe toxic effects on the central nervous system that
are not typical of paraquat poisoning.12,13 While laboratory experimentation has
suggested that diquat is not directly neurotoxic, there have been relatively con-
sistent pathologic brain changes noted in reported fatal cases of diquat poison-
ing. These consist of brain stem infarction, particularly involving the pons.12 It
is not clear whether these post-mortem changes represent direct toxicity or
secondary effects related to the systemic illness and therapy. (See Signs and
Symptoms section for CNS clinical effects.)



 There is probably significant absorption of diquat across abraded or ulcer-
ated skin.



Signs and Symptoms of Poisoning



In many human diquat poisoning cases, clinical signs of neurologic toxicity
are the most important.  These include nervousness, irritability, restlessness, com-
bativeness, disorientation, nonsensical statements, inability to recognize friends
or family members, and diminished reflexes. Neurologic effects may progress to
coma, accompanied by tonic-clonic seizures, and result in the death of the
patient.12,13 Parkinsonism has also been reported following dermal exposure to
diquat.14



Except for the CNS signs listed in the preceding paragraph, early symp-
toms of poisoning by ingested diquat are similar to those from paraquat, reflect-
ing its corrosive effect on tissues. They include burning pain in the mouth,
throat, chest, and abdomen, intense nausea and vomiting, and diarrhea. If the
dosage was small, these symptoms may be delayed 1-2 days. Blood may appear
in the vomitus and feces. Intestinal ileus, with pooling of fluid in the gut, has
characterized several human poisonings by diquat.



The kidney is the principal excretory pathway for diquat absorbed into the
body. Renal damage is therefore an important feature of poisonings. Proteinuria,
hematuria, and pyuria may progress to renal failure and azotemia. Elevations of
serum alkaline phosphatase, AST, ALT, and LDH reflect liver injury. Jaundice
may develop.
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If the patient survives several hours or days, circulatory function may fail
due to dehydration. Hypotension and tachycardia can occur, with shock result-
ing in death. Other cardiorespiratory problems may develop, such as toxic car-
diomyopathy or a secondary infection such as bronchopneumonia.



Diquat is somewhat less damaging to the skin than paraquat, but irritant
effects may appear following dermal contamination with the concentrate. There
is probably significant absorption of diquat across abraded or ulcerated skin.



The great majority of poisonings by paraquat and diquat (discussed below)
have been caused by ingestion with suicidal intent in most cases, particularly in
Japan11 and many developing countries. Since 1987, there has been a decline in
most countries in the total numbers of suicidal deaths attributed to paraquat
and diquat. Nearly all of the few poisonings caused by occupational exposure
have been survived, but the mortality rate among persons who have swallowed
paraquat or diquat remains high.1,5 Avoidance of this mortality will probably
have to rely on preventive strategies or on stopping gastrointestinal absorption
very soon after the toxicant has been ingested.



Even though intestinal absorption of dipyridyls is relatively slow, lethal
uptake by critical organs and tissues apparently occurs within 18 hours, and
possibly within 6 hours, following ingestion of toxic quantities of paraquat or
diquat. Bipyridyls have large volumes of distribution. Once distribution to tis-
sues has occurred, measures to remove bipyridyls from the blood are very inef-
ficient in reducing the total body burden.



 Several strategies are being tested to reduce the frequency of these occur-
rences. These include the addition of emetics, stenching agents, gelling sub-
stances, and bittering agents such as sodim denatonium.



Confirmation of Poisoning: Paraquat and Diquat



At some treatment facilities, a simple colorimetric test is used to identify
paraquat and diquat in the urine, and to give a rough indication of the magni-
tude of absorbed dose. To one volume of urine, add 0.5 volume of freshly
prepared 1% sodium dithionite (sodium hydrosulfite) in one normal sodium
hydroxide (1.0 N NaOH). Observe color at the end of one minute. A blue
color indicates the presence of paraquat in excess of 0.5 mg per liter. Both
positive and negative controls should be run to ensure that the dithionite has
not undergone oxidation in storage.



When urine collected within 24 hours of paraquat ingestion is tested, the
dithionite test appears to have some prognostic value: concentrations less than
one milligram per liter (no color to light blue) generally predict survival, while
concentrations in excess of one milligram per liter (navy blue to dark blue)
often foretell a fatal outcome.



Diquat in urine yields a green color with the dithionite test. Although
there is less experience with this test in diquat poisonings, the association of
bad prognosis with intense color is probably similar.
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Paraquat and diquat can be measured in blood and urine by spectrophoto-
metric, gas chromatographic, liquid chromatographic, and radioimmunoassay
methods. These tests are available in numerous clinical reference laboratories
and sometimes by the manufacturing company. Survival is likely if plasma con-
centrations do not exceed 2.0, 0.6, 0.3, 0.16, and 0.1 mg per liter at 4, 6, 10, 16,
and 24 hours, respectively, after ingestion.15



Treatment



1. Skin and eye decontamination. Flush skin immediately with copious
amounts of water. Material splashed in the eyes must be removed by pro-
longed irrigation with clean water. Eye contamination should thereafter be
treated by an ophthalmologist. Mild skin reactions usually respond if there is no
further contact with the pesticide, but the irritation may take several weeks to
resolve. Severe injuries with inflammation, cracking, secondary infection, or
nail injury should be treated by a dermatologist.



2. Gastrointestinal decontamination. If paraquat or diquat have been in-
gested, immediate administration of adsorbent is the one therapeutic
measure most likely to have a favorable effect. Bentonite (7.5% suspension)
and Fuller’s Earth (15% suspension) are highly effective, but sometimes not
available.



Dosage of Bentonite and Fuller’s Earth:



• Adults and children over 12 years: 100-150 g.



• Children under 12 years: 2 gm/kg body weight.



Caution: Hypercalcemia and fecaliths have sometimes occurred fol-
lowing administration of Fuller’s Earth.



Activated charcoal is nearly as effective, and is widely available. See Chapter
2 for dosage of charcoal and further information on gastric decontamination.



Lavage has not been shown to be effective and should not be performed
unless the patient is seen within an hour of ingestion. Later lavage runs the risk
of inducing bleeding, perforation, or scarring due to additional trauma to al-
ready traumatized tissues. Repeated administration of charcoal or other absor-
bent every 2-4 hours may be beneficial in both children and adults, but use of
a cathartic such as sorbitol should be avoided after the first dose. Cathartics and
repeat doses of activated charcoal should not be administered if the gut is atonic.
Check frequently for bowel sounds. Ileus occurs commonly in diquat
poisoning, less often in paraquat poisoning.
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3. Samples. Secure a blood sample as soon as possible for paraquat analysis, and
urine samples for either paraquat and/or diquat. Serial samples of urine for either
agent and plasma for paraquat may be followed for prognostic information.



4. Respiration. Do not administer supplemental oxygen until the pa-
tient develops severe hypoxemia. High concentrations of oxygen in the lung
increase the injury induced by paraquat, and possibly by diquat as well. There
may be some advantage in placing the patient in a moderately hypoxic envi-
ronment, i.e., 15%-16% oxygen, although the benefit of this treatment measure
has not been established empirically in human poisonings. Inhalation of nitric
oxide has been suggested as a method to maintain tissue oxygenation at low
inspired oxygen concentrations, but its efficacy is unproven. When the lung
injury is so far advanced that there is no expectation of recovery, oxygen may
be given to relieve air hunger.



5. Intensive care. In serious poisonings, care should be provided in an inten-
sive care setting, to allow proper monitoring of body functions and skilled
performance of necessary invasive monitoring and procedures.



6. Fluids. It is essential to maintain adequate urinary output.4 Administer in-
travenous fluids: isotonic saline, Ringer’s solution, or 5% glucose in water. This
is highly advantageous early in poisonings as a means of correcting dehydra-
tion, accelerating toxicant excretion, reducing tubular fluid concentrations of
paraquat, and correcting any metabolic acidosis. However, fluid balance must
be monitored carefully to forestall fluid overload if renal failure develops. Monitor
the urine regularly for protein and cells, to warn of impending tubular necrosis.
Intravenous infusions must be stopped if renal failure occurs, and extracorpo-
real hemodialysis is indicated. Hemodialysis is not effective in clearing paraquat
or diquat from the blood and tissues.



7. Hemoperfusion over cellophane-coated activated charcoal may be consid-
ered. The procedure has been used in many paraquat poisonings because the
adsorbent does efficiently remove paraquat from the perfused blood. However,
recent reviews of effectiveness have failed to show any reduction in mortality as
a result of hemoperfusion.1,4 The apparent reason for this is the very small
proportion of paraquat body burden carried in the circulating blood even when
only a few hours have elapsed after ingestion. Theoretically, a patient who can
be hemoperfused within 10 hours of paraquat ingestion may derive some mar-
ginal benefit, but this has not been demonstrated.



If hemoperfusion is attempted, blood calcium and platelet concentrations
must be monitored. Calcium and platelets must be replenished if these con-
stituents are depleted by the procedure.
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8. Seizure control. Convulsions and psychotic behavior sometimes encoun-
tered in diquat poisoning may be best controlled by lorazepam, given slowly
intravenously, as outlined in Chapter 2. Control convulsions as outlined in
Chapter 2.



9. Other drugs. Many drugs have been tested in animals or given in human
bipyridyl poisonings without clear evidence of benefit or harm: corticoster-
oids, superoxide dismutase, propranolol, cyclophosphamide, vitamin E, ribofla-
vin, niacin, ascorbic acid, clofibrate, desferrioxamine, acetylcysteine, and terpin
hydrate. However, recent evidence regarding the use of cyclophosphamide
and methylprednisolone may be effective in reducing the mortality associ-
ated with moderate to severe paraquat poisoning. Two studies found a reduced
mortality associated with the treatment, while one study found no difference.16



The dosages used for cyclophosphamide and methylprednisolone were 1 gram
daily for two days and 1 gram daily for three days respectively, and were given
after hemoperfusion. Each drug was administered as a two hour infusion, and
white cell counts, serum creatinine levels, chest radiography, and liver function
tests were monitored.16



10. Pain management. Morphine sulfate is usually required to control the
pain associated with deep mucosal erosions of the mouth, pharynx, and esophagus,
as well as abdominal pain from pancreatitis and enteritis. Mouthwashes, cold
fluids, ice cream, or anesthetic lozenges may also help to relieve pain in the
mouth and throat.



Dosage of Morphine Sulfate:



• Adults and children over 12 years: 10-15 mg subcutaneously every 4
hours.



• Children under 12 years: 0.1 - 0.2 mg /kg body weight every 4 hours.



11. Transplantation. With severe pulmonary toxicity, recovery of the patient
may only be accomplished by lung transplantation. However, the transplanted
lung is susceptible to subsequent damage due to redistribution of paraquat.17
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General Chemical Structures
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CHAPTER 13



Other Herbicides



Many herbicides are now available for use in agriculture and for lawn and
garden weed control. This chapter discusses herbicides other than the
chlorophenoxys, nitrophenols and chlorophenols, arsenicals, and dipyridyls, which
are the subjects of separate chapters. Many modern herbicides kill weeds selec-
tively by impairing metabolic processes that are unique to plant life. For this
reason, their systemic toxicities in mammals are generally low.  Nonetheless,
some herbicides pose a significant risk of poisoning if handled carelessly, and
many are irritating to eyes, skin, and mucous membranes.



For several good reasons, all of the herbicides mentioned in this chapter
should be handled and applied only with full attention to safety measures that
minimize personal contact. Many formulations contain adjuvants (stabilizers,
penetrants, surfactants) that may have significant irritating and toxic effects. A
number of premixed formulations contain two or more active ingredients; the
companion pesticides may be more toxic than the principal herbicide. Good
hygienic practice should not be disregarded just because a pesticide is reported
to have a high LD50 in laboratory rodents.



Health professionals who may need to assess the consequences of prior
exposure should understand the fate of these compounds after absorption by
humans. The water-soluble herbicides are not retained in body tissues for long
periods, as were the old lipophilic organochlorine insecticides, such as DDT.
Most are excreted, mainly in the urine, within one to four days.



Toxicology



The table on the following pages lists the more commonly used herbicides
not discussed elsewhere in this manual. The rat acute oral LD



50
 is given as a



rough index of potential lethal toxicity. (If several values are reported by various
sources, the lowest is recorded here.) The adverse effect information is drawn
from many sources, including product labels, textbooks, published case histo-
ries, and some unpublished reports. The listing cannot be considered inclusive,
either of herbicide products or of effects.
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Aliphatic acids trichloroacetic
acid



dichloropropionic
acid (dalapon)



TCA



Dalapon,
Revenge



5,000



970



Irritating to
skin, eyes,
and respiratory
tract.



Benzamide pronamide Kerb, Rapier 8,350 Moderately
irritating to eyes



Benzoic,
anisic acid
derivatives



trichlorobenzoic
acid



dicamba



TCBA, Tribac,
2,3,6-TBA



Banvel



1,500



 2,700



Moderately
irritating to skin
and respiratory
tract.



Benzonitriles dichlobenil Casoron,
Dyclomec, Barrier



>4,460 Minimal toxic,
irritant effects



Benzothiadiazinone
dioxide



bentazone Basagran >1,000 Irritating to eyes
and respiratory
tract.



Carbamates and
Thiocarbamates
(herbicidal)



asulam



terbucarb



butylate



cycloate



pebulate



vernolate



EPTC



diallate



triallate



thiobencarb



Asulox



Azac, Azar



Sutan



Ro-Neet



Tillam, PEBC



Vernam



Eptam, Eradicane



Di-allate



Far-go



Bolero, Saturn



>5,000



>34,000



3,500



2,000



921



1,800



1,630



395



1,675



1,300



Some are
irritating to
eyes, skin, and
respiratory tract,
particularly in
concentrated
form.
Some may be
weak inhibitors
of cholinesterase.



Chemical Class Generic Name
Proprietary
Names



Acute Oral LD50



mg/kg



Known or
Suspected
Adverse Effects



Acetamides metolachlor Dual, Pennant,
others



2,780 Irritating
to eyes
and skin.



Anilides alachlor



propachlor



propanil



Lasso, Alanox



Ramrod, Bexton,
Prolex



DPA, Chem
Rice, Propanex,
Riselect, Stam,
Stampede



1,800



710



>2,500



Mild irritant.



Dermal irritant
and sensitizer.



Irritating to skin,
eyes, and
respiratory tract.



TOXICITY OF COMMON HERBICIDES
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Chemical Class Generic Name
Proprietary
Names



Acute Oral LD50



mg/kg



Known or
Suspected
Adverse Effects



Fluorodinitro-
toluidine
compounds



benfluralin



dinitramine



ethalfluralin



fluchloralin



profluralin



trifluralin



Benefin, Balan,
Balfin, Quilan



Cobex



Sonalan



Basalin



Tolban



Treflan



>10,000



3,000



>10,000



1,550



1,808



>10,000



May be mildly
irritating. These
herbicides do not
uncouple
oxidative
phosphorylation
or generate
methemoglobin.



Isoxazolidinone clomazone Command 1,369 May be
moderately
irritating.



Nicotinic acid
isopropylamine
derivative



imazapyr Arsenal >5,000 Irritating to eyes
and skin. Does
not contain
arsenic.



Oxadiazolinone oxadiazon Ronstar >3,500 Minimal toxic
and irritant
effects.



Phosphonates glyphosate



fosamine
ammonium



Roundup,
Glyfonox



Krenite



4,300



>5,000



Irritating to eyes,
skin, and upper
respiratory tract.



Irritating to eyes,
skin, and upper
respiratory tract.



TOXICITY OF COMMON HERBICIDES



Chloropyridinyl triclopyr Garlon, Turflon 630 Irritating to skin
and eyes.



Cyclohexenone
derivative



sethoxydim Poast 3,125 Irritating to skin
and eyes.



Dinitroamino-
benzene
derivative



butralin



pendimethalin



oryzalin



Amex
Tamex



Prowl, Stomp,
Accotab,
Herbodox,
Go-Go-San,
Wax Up



Surflan, Dirimal



12,600
>5,000



2,250



>10,000



May be
moderately
irritating.
These herbicides
do not uncouple
oxidative
phosphorylation
or generate
methemoglobin.



Carbanilates chlorpropham Sprout-Nip
Chloro-IPC



3,800 Skin irritants.
May generate
methemoglobin
at high dosage.
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Triazines ametryn



atrazine



cyanazine



desmetryn



metribuzin



prometryn



propazine



simazine



terbuthylazine



tertutryn



prometon



Ametrex, Evik,
Gesapax



Aatrex, Atranex,
Crisazina



Bladex, Fortrol



Semeron



Sencor, Lexone,
Sencoral, Sencorex



Caparol, Gesagard,
Prometrex



Milo-Pro,
Primatol, Prozinex



Gesatop, Princep,
Caliber 90



Gardoprim,
Primatol M



Ternit, Prebane,
Terbutrex



Gesafram 50



Pramitol 25E



1,750



1,780



288



1,390



1,100



5.235



>7,000



>5,000



2,000



2,500



2,980



Systemic
toxicity
is unlikely
unless large
amounts
have been
ingested.
Some
triazines
are moderately
irritating to
the eyes,
skin, and
respiratory
tract.



This particular
formulation of
prometon is
strongly irritating
to eyes, skin, and
respiratory tract.



Triazole amitrole,
aminotriazole



Amerol, Azolan,
Azole, Weedazol



>10,000 Minimal systemic
toxicity. Slight
irritant effect.



TOXICITY OF COMMON HERBICIDES



Chemical Class Generic Name
Proprietary
Names



Acute Oral LD50



mg/kg



Known or
Suspected
Adverse Effects



Picolinic acid
compound



picloram Tordon, Pinene 8,200 Irritating to skin,
eyes, and
respiratory tract.
Low systemic
toxicity.



Phthalates chlorthaldimethyl



endothall



Dachthal, DCPA



Aquathol



>10,000



51



Moderately
irritating to eyes.



Free acid is highly
toxic. Irritating to
skin, eyes and
respiratory tract.
See Chapter 18.
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Chemical Class Generic Name
Proprietary
Names



Acute Oral LD50



mg/kg



Known or
Suspected
Adverse Effects



Urea
derivatives



chlorimuron
ethyl



chlorotoluron



diuron



flumeturon



isoproturon



linuron



methabenz-
thiazuron



metobromuron



metoxuron



monolinuron



monuron



neburon



siduron



sulfemeturon-
methyl



tebuthiuron



Classic



Dicuran, Tolurex



Cekiuron,
Crisuron, Dailon,
Direx, Diurex,
Diuron,
Karmex, Unidron,
Vonduron



Cotoran,
cottonex



Alon, Arelon,
IP50, Tolkan



Afalon, Linex,
Linorox, Linurex,
Lorox, Sarclex



Tribunil



Pattonex



Deftor, Dosaflo,
Purivel, Sulerex



Aresin



Monuron



Granurex,
Neburex



Tupersan



Oust



Spike, Tebusan



>4,000



>10,000



>5,000



8,900



1,826



1,500



5,000



2,000



3,200



2,100



3,600



>11,000



>7,500



>5,000



644



Systemic
toxicity is
unlikely unless
large amounts
have been
ingested.



Many
substituted
ureas are
irritating to
eyes, skin, and
mucous
membranes.



TOXICITY OF COMMON HERBICIDES



Uracils bromacil



lenacil



terabacil



Hyvar



Venzar



Sinbar



5,200



>11,000



>5,000



Irritant to skin,
eyes, and
respiratory tract.
Moderately
irritating.
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Confirmation of Poisoning



Although there are analytical methods for residues of many of the herbi-
cides mentioned in this chapter and for some of the mammalian metabolites
generated from them, these procedures are not generally available to confirm
human absorption of the chemicals. Exposure must be determined from a re-
cent history of occupational contact or accidental or deliberate ingestion.



Treatment



1. Skin decontamination. Skin contamination should be treated promptly
by washing with soap and water. Contamination of the eyes should be treated
immediately by prolonged flushing of the eyes with large amounts of clean
water. If dermal or ocular irritation persists, medical attention should be ob-
tained without delay. See Chapter 2.



2. Gastrointestinal decontamination. Ingestions of these herbicides are likely
to be followed by vomiting and diarrhea due to their irritant properties. Man-
agement depends on: (1) the best estimate of the quantity ingested, (2) time
elapsed since ingestion, and (3) the clinical status of the subject.



Activated charcoal is probably effective in limiting irritant effects and
reducing absorption of most or all of these herbicides. Aluminum hydroxide
antacids may be useful in neutralizing the irritant actions of more acidic agents.
Sorbitol should be given to induce catharsis if bowel sounds are present and if
spontaneous diarrhea has not already commenced. Dehydration and electrolyte
disturbances may be severe enough to require oral or intravenous fluids.



There are no specific antidotes for poisoning by these herbicides. In the
case of suicidal ingestions, particularly, the possibility must always be kept in
mind that multiple toxic substances may have been swallowed.



If large amounts of herbicide have been ingested and the patient is seen
within an hour of the ingestion, gastrointestinal decontamination should be
considered, as outlined in Chapter 2.



If the amount of ingested herbicides was small, if effective emesis has al-
ready occurred, or if treatment is delayed, administer activated charcoal and
sorbitol by mouth.



3. Intravenous fluids. If serious dehydration and electrolyte depletion have
occurred as a result of vomiting and diarrhea, monitor blood electrolytes and
fluid balance and administer intravenous infusions of glucose, normal saline, Ringer’s
solution, or Ringer’s lactate to restore extracellular fluid volume and electrolytes.
Follow this with oral nutrients as soon as fluids can be retained.
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4. Supportive measures are ordinarily sufficient for successful management
of excessive exposures to these herbicides (endothall is an exception—see Chap-
ter 18, p. 187). If the patient’s condition deteriorates in spite of good supportive
care, the operation of an alternative or additional toxicant should be suspected.











Section IV



O T H E R  P E S T I C I D E S
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CHAPTER 14



Arsenical Pesticides



Many arsenic compounds have been discontinued in the United States as a
result of government regulations. However, arsenical pesticides are still widely
available in some countries, and many homes and farms have leftover supplies
that continue to represent some residual risk.



Arsine gas is discussed separately on page 132.



Toxicology



Arsenic is a natural element that has both metal and nonmetal physical/
chemical properties. In some respects, it resembles nitrogen, phosphorus, anti-
mony, and bismuth in its chemical behavior. In nature, it exists in elemental,
trivalent (-3 or +3), and pentavalent (+5) states. It binds covalently with most
nonmetals (notably oxygen and sulfur) and with metals (for example, calcium
and lead). It forms stable trivalent and pentavalent organic compounds. In bio-
chemical behavior, it resembles phosphorus, competing with phosphorus ana-
logs for chemical binding sites.



Toxicity of the various arsenic compounds in mammals extends over a
wide range, determined in part by the unique biochemical actions of each
compound, but also by absorbability and efficiency of biotransformation and
disposition. Overall, arsines present the greatest toxic hazard, followed closely
by arsenites (inorganic trivalent compounds). Inorganic pentavalent compounds
(arsenates) are somewhat less toxic than arsenites, while the organic (methy-
lated) pentavalent compounds represent the least hazard of the arsenicals that
are used as pesticides.1



The pentavalent arsenicals are relatively water soluble and absorbable across
mucous membranes. Trivalent arsenicals, having greater lipid solubility, are more
readily absorbed across the skin.2 However, poisonings by dermal absorption of
either form have been extremely rare. Ingestion has been the usual basis of
poisoning; gut absorption efficiency depends on the physical form of the com-
pound, its solubility characteristics, the gastric pH, gastrointestinal motility, and
gut microbial transformation. Arsine exposure occurs primarily through inha-
lation, and toxic effects may also occur with other arsenicals through inhalation
of aerosols.



Once absorbed, many arsenicals cause toxic injury to cells of the nervous
system, blood vessels, liver, kidney, and other tissues. Two biochemical mecha-



HIGHLIGHTS



• Life-threatening effects
on CNS, blood vessels,
kidney, liver



Signs and Symptoms:



• In acute cases, garlic odor
of the breath and feces,
metallic taste in mouth,
adverse GI symptoms



• In chronic cases, muscle
weakness, fatigue,
weight loss,
hyperpigmentation,
hyperkeratosis, Mees
lines



Treatment:



• GI decontamination



• Chelation therapy
Dimercaprol (BAL) or
DMPS to accelerate
arsenic excretion
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nisms of toxicity are recognized: (1) reversible combination with thiol groups
contained in tissue proteins and enzymes, and (2) substitution of arsenic anions
for phosphate in many reactions, including those critical to oxidative phosphory-
lation. Arsenic is readily metabolized in the kidney to a methylated form, which
is much less toxic and easily excreted. However, it is generally safest to manage
cases of arsenical pesticide ingestion as though all forms are highly toxic.



The unique toxicology of arsine gas is described later in this chapter.



Signs and Symptoms of Poisoning



Manifestations of acute poisoning are distinguishable from those of chronic
poisoning.



Acute arsenic poisoning: Symptoms and signs usually appear within
one hour after ingestion, but may be delayed several hours. Garlic odor of the
breath and feces may help to identify the toxicant in a severely poisoned pa-
tient. There is often a metallic taste in the mouth. Adverse gastrointestinal (GI)
effects predominate, with vomiting, abdominal pain, and rice-water or bloody
diarrhea being the most common. Other GI effects include inflammation, vesicle
formation and eventual sloughing of the mucosa in the mouth, pharynx, and
esophagus.3 These effects result from the action of an arsenical metabolite on
blood vessels generally, and the splanchnic vasculature in particular, causing
dilation and increased capillary permeability.



The central nervous system is also commonly affected during acute expo-
sure. Symptoms may begin with headache, dizziness, drowsiness, and confusion.
Symptoms may progress to include muscle weakness and spasms, hypothermia,
lethargy, delirium, coma, and convulsions.1 Renal injury is manifest as pro-
teinuria, hematuria, glycosuria, oliguria, casts in the urine, and, in severe poi-
soning, acute tubular necrosis. Cardiovascular manifestations include shock,
cyanosis, and cardiac arrhythmia,4,5 which are due to direct toxic action and
electrolyte disturbances. Liver damage may be manifested by elevated liver en-
zymes and jaundice. Injury to blood-forming tissues may cause anemia, leuko-
penia, and thrombocytopenia.



Death usually occurs one to three days following onset of symptoms and is
often the result of circulatory failure, although renal failure also may contrib-
ute.1 If the patient survives, painful paresthesias, tingling, and numbness in the
hands and feet may be experienced as a delayed sequela of acute exposure. This
sensorimotor peripheral neuropathy, which may include muscle weakness and
spasms, typically begins 1-3 weeks after exposure.6 The muscle weakness may
be confused with Guillain-Barre syndrome.7



Chronic arsenic poisoning from repeated absorption of toxic amounts
generally has an insidious onset of clinical effects and may be difficult to diag-
nose. Neurologic, dermal, and nonspecific manifestations are usually more promi-
nent than the gastrointestinal effects that characterize acute poisoning. Muscle



Commercial Products
(Many have been discontinued)



arsenic acid
Hi-Yield Dessicant H-10
Zotox



arsenic trioxide
cacodylic acid (sodium



cacodylate)
Bolate
Bolls-Eye
Bophy
Dilie
Kack
Phytar 560
Rad-E-Cate 25
Salvo



calcium acid methane arsonate
(CAMA)
Calar
Super Crab-E-Rad-Calar
Super Dal-E-Rad



calcium arsenate
Spra-cal
tricalcium arsenate
Turf-Cal



calcium arsenite
London purple
mono-calcium arsenite



copper acetoarsenite
Emerald green
French green
Mitis green
Paris green
Schweinfurt green



copper arsenite (acid copper
arsenite)



disodium methane arsonate
Ansar 8100
Arrhenal
Arsinyl
Crab-E-Rad
Di-Tac
DMA
DSMA
Methar 30
Sodar
Weed-E-Rad 360



lead arsenate
Gypsine
Soprabel



methane arsonic acid (MAA)
monoammonium methane



arsonate (MAMA)
monosodium methane arsonate



(MSMA)
Ansar 170



(Continued on the next page)
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weakness and fatigue can occur, as can anorexia and weight loss. Hyperpig-
mentation is a common sign, and tends to be accentuated in areas that are
already more pigmented, such as the groin and areola. Hyperkeratosis is an-
other very common sign, especially on the palms and soles.8,9 Subcutaneous
edema of the face, eyelids, and ankles, stomatitis, white striations across the nails
(Mees lines), and sometimes loss of nails or hair are other signs of chronic,
continuous exposure.1,9 On occasion, these hyperkeratotic papules have under-
gone malignant transformation.8 Years after exposure, dermatologic findings
include squamous cell and basal cell carcinoma, often in sun-protected areas.



Neurologic symptoms are also common with chronic exposure. Peripheral
neuropathy, manifested by paresthesia, pain, anesthesia, paresis, and ataxia, may
be a prominent feature. It may often begin with sensory symptoms in the lower
extremities and progress to muscular weakness and eventually paralysis and
muscle wasting. Although less common, encephalopathy can develop with speech
and mental disturbances very much like those seen in thiamine deficiency
(Wernicke’s syndrome).



Other organ systems are affected with arsenic toxicity. Liver injury reflected
in hepatomegaly and jaundice may progress to cirrhosis, portal hypertension,
and ascites.  Arsenic has direct glomerular and tubular toxicity resulting in oliguria,
proteinuria, and hematuria. Electrocardiographic abnormalities (prolongation
of the Q-T interval) and peripheral vascular disease have been reported. The
latter includes acrocyanosis, Raynaud’s phenomenon, and frank gangrene.1,10



Hematologic abnormalities include anemia, leukopenia, and thrombocytopenia.1



Late sequelae of protracted high intakes of arsenic include skin cancer as described
above and an increased risk of lung cancer.1,8



Confirmation of Poisoning



Measurement of 24-hour urinary excretion of arsenic (micrograms per
day) is the most common way to confirm excessive absorption and is the
preferred method to follow serial levels and evaluate chronic exposure.1,11



Spot urine arsenic analysis expressed as a ratio with urinary creatinine is the
recommended method to evaluate occupational exposures.12 Methods to de-
termine blood arsenic concentration are available; however blood levels tend
to poorly correlate with exposure except in the initial acute phase.11,13 Spe-
cial metal-free acid-washed containers should be used for sample collection.
Arsenic excretion above 100 mcg per day should be viewed with suspicion
and the test should be repeated.



Excretions above 200 mcg per day reflect a toxic intake, unless seafood was
ingested.11,13,14,15 Diets rich in seafood, primarily shellfish in the previous 48
hours, may generate 24-hour urine excretion levels as high as 200 mcg per day
and sometimes more.3,14 The majority of marine arsenic that is excreted is in
the methylated form (arsenobetaine) and is not considered acutely toxic. How-



Commercial Products
(Continued)



Arsonate Liquid
Bueno 6
Daconate 6
Dal-E-Rad
Drexar 530
Herbi-All
Merge 823
Mesamate
Target MSMA
Trans-Vert
Weed-E-Rad
Weed-Hoe



sodium arsenate
disodium arsenate
Jones Ant Killer



sodium arsenite
Prodalumnol Double
Sodanit



zinc arsenate
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ever, a recent study supports that some of the arsenic released from mussels may
contain higher amounts of arsenic trioxide than previously thought.14 Urinary
arsenic may be speciated into inorganic and organic fractions to help deter-
mine the source of the exposure and to help guide treatment.



Concentrations of arsenic in blood, urine, or other biologic materials can be
measured by either wet or dry ashing, followed by colorimetric or atomic ab-
sorption spectrometric analysis. The latter method is preferred. Blood concentra-
tions in excess of about 100 mcg per liter probably indicate excessive intake or
occupational exposure, provided that seafood was not ingested before the sample
was taken.3,11,13,15 Blood samples tend to correlate with urine samples during the
early stages of acute ingestion,11 but because arsenic is rapidly cleared from the
blood, the 24-hour urine sample remains the preferred method for detection and
for ongoing monitoring.1,11,13 Hair has been used for evaluation of chronic expo-
sure. Levels in unexposed people are usually less than 1 mg/kg; levels in individu-
als with chronic poisoning range between 1 and 5 mg/kg.15 Hair samples should
be viewed with caution because external environmental contamination such as
air pollution may artificially elevate arsenic levels.



Special tests for arsine toxicosis are described on page 132 under “Arsine
Gas.”



Treatment



The following discussion applies principally to poisonings by arsenicals in
solid or dissolved form. Treatment of poisoning by arsine gas requires special
measures described below on page 132.



1. Skin decontamination. Wash arsenical pesticide from skin and hair with
copious amounts of soap and water. Flush contaminant from eyes with clean
water. If irritation persists, specialized medical treatment should be obtained.
See Chapter 2.



2. Gastrointestinal decontamination. If arsenical pesticide has been in-
gested within the first hour of treatment, consideration should be given to GI
decontamination, as outlined in Chapter 2. Because poisoning by ingested ar-
senic almost always results in profuse diarrhea, it is generally not appropriate to
administer a cathartic.



3. Intravenous fluids. Administer intravenous fluids to restore adequate hy-
dration, support urine flow, and correct electrolyte imbalances. Monitor in-
take/output continuously to guard against fluid overload. If acute renal failure
occurs, monitor blood electrolytes regularly. Blood transfusions and oxygen by
mask may be needed to combat shock.











130  •  ARSENICALS



4. Cardiopulmonary monitoring. Monitor cardiac status by ECG to detect
ventricular arrhythmias including prolonged Q-T interval and ventricular ta-
chycardia, and toxic myocardiopathy (T wave inversion, long S-T interval).



5. Chelation therapy. Administration of Dimercaprol (BAL) is usually indi-
cated in symptomatic arsenic poisonings, although DMPS, where available, may
prove to be a better antidote. The following dosage schedule has proven to be
effective in accelerating arsenic excretion.



Monitor urinary arsenic excretion while any chelating agent is being ad-
ministered. When 24-hour excretion falls below 50 mcg per day, it usually is
advisable to discontinue the chelation therapy.



RECOMMENDED INTRAMUSCULAR DOSAGE OF BAL
(DIMERCAPROL) IN ARSENIC POISONING



Severe Poisoning Mild Poisoning



1st day 3.0 mg/kg q4h 2.5 mg/kg q6h
(6 injections) (4 injections)



2nd day 3.0 mg/kg q4h 2.5 mg/kg q6h
(6 injections) (4 injections)



3rd day 3.0 mg/kg q6h 2.5 mg/kg q12h
(4 injections) (2 injections)



Each of the following 3.0 mg/kg q12 hr 2.5 mg/kg qd
days for 10 days, or (2 injections) (1 injection)
until recovery



BAL is provided as a 100 mg/mL solution in oil. Dosages in the table are in terms of BAL
itself, not of the solution. Dosages for children are consistent with the “Mild Poisoning”
schedule and can be between 2.5 and 3.0 mg/kg per dose.16



Caution: Disagreeable side effects often accompany the use of BAL: nausea,
headache, burning and tingling sensations, sweating, pain in the back and abdo-
men, tremor, restlessness, tachycardia, hypertension, and fever. Coma and con-
vulsions occur at very high dosage. Sterile abscesses may form at injection sites.
Acute symptoms usually subside in 30-90 minutes. Antihistamine drugs or an
oral dose of 25-50 mg ephedrine sulfate or pseudoephedrine provide relief.
These are more effective if given a few minutes before the injection of BAL.
BAL may potentially have other adverse effects. In rabbits, treatment of arsenite
exposure with BAL increased brain arsenic levels.17



6. Oral treatments. After the gastrointestinal tract is reasonably free of arsenic,
oral administration of d-penicillamine, Succimer (DMSA), or DMPS should
probably replace BAL therapy. However, d-penicillamine has demonstrated lim-
ited effectiveness for arsenic exposure in experimental models.18
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Dosage of d-penicillamine:



• Adults and children over 12 years: 0.5 g every 6 hours, given 30-60
minutes before meals and at bedtime for about 5 days.



• Children under 12 years: 0.1 g/kg body weight, every 6 hours, given
30-60 minutes before meals and at bedtime for about 5 days. Not to
exceed 1.0 g per day.



Caution: Adverse reactions to short-term therapy are rare. However,
persons allergic to penicillin should not receive d-penicillamine
as they may suffer allergic reactions to it.



Succimer (DMSA) has been shown to be an effective chelator of arsenic,
though it is not labeled for this indication.19 In Europe, DMPS has been used
successfully in treatment of arsenic poisoning. In light of the lack of effective-
ness of d-penicillamine, coupled with the low toxicity and high therapeutic
index of DMPS and DMSA, it appears that the latter two agents may be the
preferred method for chronic toxicity or when oral chelation is acceptable.18,19



Dosage of DMSA (Succimer):



• Adults and Children: 10 mg/kg every 8 hours for 5 days, followed by
10 mg/kg every 12 hours for an additional 14 days. (Maximum 500
mg per dose). Should be given with food.



Dosage of DMPS:



• Adults: 100 mg every 8 hours for 3 weeks to 9 months.



7. Hemodialysis. Extracorporeal hemodialysis, used in combination with
BAL therapy, has limited effectiveness in removing arsenic from the blood.
Hemodialysis is clearly indicated to enhance arsenic elimination and main-
tain extracellular fluid composition if acute renal failure occurs.



8. Renal function. In patients with intact renal function, alkalinization of
the urine by sodium bicarbonate to maintain urine pH >7.5 may help pro-
tect renal function in the face of hemolysis occurring as part of the acute
poisoning.
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ARSINE GAS



Arsine is not used as a pesticide. However, some poisonings by arsine
have occurred in pesticide manufacturing plants and metal refining op-
erations when arsenicals came into contact with mineral acids or strong
reducing agents.



Toxicology
Arsine is a powerful hemolysin, a toxic action not exhibited by other



arsenicals. In some individuals, very little inhalation exposure is required to
cause a serious hemolytic reaction. Exposure times of 30 minutes at 25-50
parts per million are considered lethal.20 Symptoms of poisoning usually
appear 1-24 hours after exposure: headache, malaise, weakness, dizziness,
dyspnea, nausea, abdominal pain, and vomiting. Dark red urine (hemoglo-
binuria) is often passed 4-6 hours after exposure. Usually 1-2 days after
hemoglobinuria appears, jaundice is evident. Hemolytic anemia, sometimes
profound, usually provides diagnostic confirmation and can cause severe
weakness. Abdominal tenderness and liver enlargement are often apparent.
Basophilic stippling of red cells, red cell fragments, and ghosts are seen in
the blood smear. Methemoglobinemia and methemoglobinuria are evi-
dent. Elevated concentrations of arsenic are found in the urine, but these
are not nearly as high as are found in poisonings by solid arsenicals. Plasma
content of unconjugated bilirubin is elevated.



Renal failure due to direct toxic action of arsine and to products of
hemolysis represents the chief threat to life in arsine poisoning.21



Polyneuropathy and a mild psycho-organic syndrome are reported to
have followed arsine intoxication after a latency of 1-6 months.



Treatment
1. Remove the victim to fresh air.
2. Administer intravenous fluids to keep the urine as dilute as possible and to
support excretion of arsenic and products of hemolysis. Include sufficient
sodium bicarbonate to keep the urine alkaline (pH greater than 7.5).



Caution: Monitor fluid balance carefully to avoid fluid overload if
renal failure supervenes. Monitor plasma electrolytes to detect disturbances
(particularly hyperkalemia) as early as possible.
3. Monitor urinary arsenic excretion to assess severity of poisoning. The
amount of arsine that must be absorbed to cause poisoning is small, and
therefore high levels of urinary arsenic excretion may not always occur,
even in the face of significant poisoning.21,22



4. If poisoning is severe, exchange blood transfusion may be considered.
It was successful in rescuing one adult victim of arsine poisoning.
5. Extracorporeal hemodialysis may be necessary to maintain normal extra-
cellular fluid composition and to enhance arsenic elimination if renal failure
occurs, but it is not very effective in removing arsine carried in the blood.



HIGHLIGHTS



• Powerful hemolysin



Signs and Symptoms:



• Malaise, dizziness, nausea,
abdominal pain



• Hemoglobinuria and
jaundice.



Treatment:



• Supportive



• Exchange transfusion may
be considered
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INORGANIC TRIVALENT



Arsenic trioxide



Sodium arsenite



Calcium arsenite



Copper arsenite
(Acid copper arsenite)



Copper acetoarsenite



Arsine



“White arsenic.” Arsenous oxide. Has been
discontinued but still may be available
from prior registrations.



Mono-calcium arsenite, London purple.
Flowable powder for insecticidal use on
fruit.  All uses discontinued in the U.S.



Wettable powder, for use as insecticide,
wood preservative.  All uses discontinued
in the U.S.



Insecticide. Paris green, Schweinfurt green,
Emerald green, French green, Mitis green.
No longer used in the U.S.; still used
outside U.S.



Sodanit, Prodalumnol Double.  All uses
discontinued in the U.S.



INORGANIC PENTAVALENT



Arsenic acid



Sodium arsenate



Hi-Yield Dessicant H-10, Zotox. Water
solutions used as defoliants, herbicides, and
wood preservatives.



Disodium arsenate. Jones Ant Killer. All
uses discontinued, but may still be
encountered from old registration.



Not a pesticide. Occasionally generated
during manufacture of arsenicals.
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Calcium arsenate



Lead arsenate



Zinc arsenate



Gypsine, Soprabel. Limited use in the
U.S.; wettable powder used as insecticide
outside the U.S.



Non-selective herbicide, defoliant,
silvicide. Bolate, Bolls-Eye, Bophy, Dilic,
Kack, Phytar 560, Rad-E-Cate 25, Salvo.



ORGANIC (PENTAVALENT)



Cacodylic acid (sodium cacodylate)



Methane arsonic acid



Monosodium methane arsonate



Disodium methane arsonate



Monoammonium methane arsonate



MAA. Non-selective herbicide.



MSMA. Non-selective herbicide,
defoliant, silvicide. Ansar 170, Arsonate
Liquid, Bueno 6, Daconate 6, Dal-E-Rad,
Drexar 530, Herbi-All, Merge 823,
Mesamate, Target MSMA, Trans-Vert,
Weed-E-Rad, Weed-Hoe.



DSMA. Selective post-emergence
herbicide, silvicide. Ansar 8100, Arrhenal,
Arsinyl, Crab-E-Rad, Di-Tac, DMA,
Methar 30, Sodar, Weed-E-Rad 360.



MAMA. Selective post-emergence
herbicide. No longer used in the U.S.



Powder once used in U.S. as insecticide
on potatoes and tomatoes.
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CHAPTER 15



Fungicides



Fungicides are extensively used in industry, agriculture, and the home and gar-
den for a number of purposes, including: protection of seed grain during stor-
age, shipment, and germination; protection of mature crops, berries, seedlings,
flowers, and grasses in the field, in storage, and during shipment; suppression of
mildews that attack painted surfaces; control of slime in paper pulps; and pro-
tection of carpet and fabrics in the home.



Fungicides vary enormously in their potential for causing adverse effects in
humans. Historically, some of the most tragic epidemics of pesticide poisoning
occurred because of mistaken consumption of seed grain treated with organic
mercury or hexachlorobenzene. However, most fungicides currently in use are
unlikely to cause frequent or severe systemic poisonings for several reasons.
First, many have low inherent toxicity in mammals and are inefficiently ab-
sorbed. Second, many fungicides are formulated as suspensions of wettable pow-
ders or granules, from which rapid, efficient absorption is unlikely. And third,
methods of application are such that relatively few individuals are intensively
exposed. Apart from systemic poisonings, fungicides as a class are probably re-
sponsible for a disproportionate number of irritant injuries to skin and mucous
membranes, as well as dermal sensitization.



The following discussion covers the recognized adverse effects of widely
used fungicides. For fungicides that have caused systemic poisoning, recom-
mendations for management of poisonings and injuries are set forth. For fungi-
cides not known to have caused systemic poisonings in the past, only general
guidelines can be offered.



The discussion of fungicide-related adverse effects proceeds in this order:



• Substituted Benzenes



• Thiocarbamates



• Ethylene Bis Dithiocarbamates



• Thiophthalimides



• Copper Compounds



• Organomercury Compounds



• Organotin Compounds



• Cadmium Compounds



• Miscellaneous Organic Fungicides



HIGHLIGHTS



• Numerous fungicides in use
with varying levels of
toxicity



• Other than organomercury
compounds, most
fungicides are unlikely to be
absorbed enough to cause
systemic poisonings



Signs and Symptoms:



• Variable



Treatment:



• Dermal and eye
decontamination



• GI decontamination



• Intravenous fluids



Contraindicated:



• Atropine. Fungicides are
not cholinesterase
inhibitors











138  •  FUNGICIDES



Commercial Products



SUBSTITUTED BENZENES



chloroneb
Terraneb SP



chlorothalonil
Bravo
Clorto Caffaro
Clortosip
Daconil 2787
Exotherm Termil
Tuffcide
others



dicloran
Allisan
Clortran
DCNA



hexachlorobenzene*
Anticarie
Ceku C.B.
HCB
No Bunt



pentachloronitrobenzene
Avicol
Earthcide
Folosan
Kobu
Kobutol
PCNB
Pentagen
quintozene
Tri-PCNB
others



* Discontinued in the U.S.



SUBSTITUTED BENZENES



Toxicology



Chloroneb is supplied as wettable powder for treatment of soil and seed.
This agent exhibits very low oral toxicity in mammals. It may be moderately
irritating to skin and mucous membranes. The metabolite dichloromethoxy-
phenol is excreted in the urine. No cases of systemic poisoning in humans have
been reported.



Chlorothalonil is available as wettable powder, water dispersible granules,
and flowable powders. Chlorothalonil has caused irritation of skin and mucous
membranes of the eye and respiratory tract on contact. Cases of allergic contact
dermatitis have been reported. There is one report of immediate anaphylactoid
reaction to skin contact.1 It is apparently poorly absorbed across the skin and
the gastrointestinal lining. No cases of systemic poisoning in humans have been
reported.



Dicloran is a broad-spectrum fungicide widely used to protect perishable
produce. It is formulated as wettable powder, dusts, and flowable powders.
Dicloran is absorbed by occupationally exposed workers, but it is promptly
eliminated, at least partly in the urine. Biotransformation products include
dichloroaminophenol, which is an uncoupler of oxidative phosphorylation (en-
hances heat production). Extraordinary doses of dicloran given to laboratory
animals cause liver injury and corneal opacities.



Based on laboratory animal studies and effects of similar compounds, large
doses might be expected to cause liver injury, pyrexia, corneal opacities, and
possibly methemoglobinemia. None of these have been observed in humans
exposed to DCNA.



Hexachlorobenzene.Principal formulations are dusts and powders.
Hexachlorobenzene differs chemically and toxicologically from hexachlorocy-
clohexane, the gamma isomer of which (lindane) is still a widely-used insecticide.



Although this seed protectant fungicide has only slight irritant effects and
relatively low single-dose toxicity, long-term ingestion of HCB-treated grain
by Turkish farm dwellers in the late 1950s caused several thousand cases of
toxic porphyria resembling porphyria cutanea tarda.2 This condition was due
to impaired hemoglobin synthesis, leading to toxic end-products (porphyrins)
in body tissues. The disease was characterized by excretion of red-tinged (por-
phyrin-containing) urine, bullous lesions of light-exposed skin, scarring and
atrophy of skin with overgrowth of hair, liver enlargement, loss of appetite,
arthritic disease, and wasting of skeletal muscle mass. Although most adults
ultimately recovered after they stopped consuming the HCB-treated grain, some
infants nursed by affected mothers died.



Hexachlorobenzene is effectively dechlorinated and oxidized in humans;
trichlorophenols are the major urinary excretion products. Disposition is suffi-
ciently prompt that occupationally exposed workers usually show only slight











FUNGICIDES  •  139



elevation of blood HCB concentrations. HCB is sometimes present in blood
specimens from “non-occupationally exposed” persons in concentrations of up
to 5 mcg per liter. Residues in food are the probable cause.



Pentachloronitrobenzene is used to dress seed and treat soil. Formula-
tions include emulsifiable concentrates, wettable powders, and granules.
Hexachlorobenzene is a minor contaminant to technical PCNB.



High concentrations in prolonged contact with skin have caused sensitiza-
tion in some tested volunteers, but neither irritation nor sensitization has been
reported in occupationally exposed workers. One case of conjunctivitis and keratitis
occurred following eye contamination. This resolved slowly but completely.



Systemic poisonings have not been reported. Clearance in laboratory ani-
mals is slow, probably due to enterohepatic recirculation. Excretion is chiefly
biliary, with some conversion to pentachloroaniline, pentachlorophenol, and
other metabolites in the liver. Although a methemoglobinemic effect might be
suspected (as from nitrobenzene), this has not been reported in humans or
animals, nor has toxic porphyria (as from hexachlorobenzene) been reported.



Confirmation of Poisoning



Hexachlorobenzene (HCB) can be measured in blood by gas chromatog-
raphy. Chlorophenol metabolites can be measured in the urine. Although in-
herited disease and a number of exogenous agents may cause porphyrins to
appear in the urine, a test for porphyrins may be useful for toxicological diag-
nosis if there has been a known exposure to HCB or if a patient exhibits signs
suggestive of porphyria cutanea tarda.



Gas chromatography can be used to measure PCNB and metabolites,
chlorothalonil, and chloroneb, but the analysis is not widely available. Methods
have also been described for analysis of dicloran, but they are not widely available.



Treatment



1. Skin decontamination. Dermal contamination should be washed off with
soap and water. Flush contamination from the eyes with copious amounts of
water. If irritation persists, specialized medical care should be obtained. See
Chapter 2.



2. Gastrointestinal decontamination. If a large amount of the fungicide has
been ingested in the last few hours, and if copious vomiting has not already
occurred, it may be reasonable to consider GI decontamination. Activated char-
coal can be used along with the addition of the cathartic sorbitol to the char-
coal slurry. If sorbitol is given separately, it should be diluted with an equal
volume of water before administration. No more than one dose of sorbitol is
recommended and it should be used with caution in children and the elderly.
See Chapter 2 for appropriate dosages.
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Commercial Products



THIOCARBAMATES



ferbam
Carbamate WDG
Ferbam
Ferberk
Hexaferb
Knockmate
Trifungol



metam-sodium
A7 Vapam
Busan 1020
Karbation
Maposol
Metam-Fluid BASF
Nemasol
Solasan 500
Sometam
Trimaton
Vapam
VPM



thiram
Aules
Chipco Thiram 75
Fermide 850
Fernasan
Hexathir
Mercuram
Nomersam
Polyram-Ultra
Pomarsol forte
Spotrete-F
Spotrete WP 75
Tetrapom
Thimer
Thioknock
Thiotex
Thiramad
Thirasan
Thiuramin
Tirampa
TMTD
Trametan
Tripomol
Tuads



ziram
Cuman
Hexazir
Mezene
Tricarbamix
Triscabol
Vancide MZ-96
Zincmate
Ziram F4
Ziram Technical
Zirberk
Zirex 90
Ziride
Zitox



If contact with the toxicant has been minimal (for example, oral contami-
nation only, promptly flushed out of the mouth), administration of charcoal
without a cathartic, followed by careful observation of the patient, probably
represents optimal management.



3. Porphyria. Persons affected by porphyria should avoid sunlight, which ex-
acerbates the dermal injury by porphyrins.



THIOCARBAMATES
Thiocarbamates are commonly formulated as dusts, wettable powders, or water
suspensions. They are used to protect seeds, seedlings, ornamentals, turf, veg-
etables, fruit, and apples. Unlike the N-methyl carbamates (Chapter 5),
thiocarbamates have very little insecticidal potency. A few exhibit weak anti-
cholinesterase activity, but most have no significant effect on this enzyme. Overall,
they are less of a threat to human health than the insecticidal carbamates. Fun-
gicidal thiocarbamates are discussed in this section, while those used as herbi-
cides are considered in Chapter 13.



METAM-SODIUM



Metam-sodium is formulated in aqueous solutions for application as a soil
biocide and fumigant to kill fungi, bacteria, weed seeds, nematodes, and insects.
All homeowner uses have been cancelled in the United States.



Toxicology



Metam-sodium can be very irritating to the skin. Poisonings by ingestion
of metam-sodium have not been reported. Although animal feeding studies do
not indicate extraordinary toxicity of metam-sodium by ingestion, its decom-
position in water yields methyl isothiocyanate, a gas that is extremely irritating
to respiratory mucous membranes, to the eyes, and to the lungs. Inhalation of
methyl isothiocyanate may cause pulmonary edema (severe respiratory distress,
coughing of bloody, frothy sputum). For this reason, metam-sodium is consid-
ered a fumigant. It must be used in outdoor settings only, and stringent precau-
tions must be taken to avoid inhalation of evolved gas.



Theoretically, exposure to metam-sodium may predispose the individual
to Antabuse reactions if alcohol is ingested after exposure. (See Thiram.) How-
ever, no such occurrences have been reported.
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Confirmation of Poisoining



No tests for metam-sodium or its breakdown products in body fluids are
available.



Treatment



1. Skin decontamination. Skin contamination should be washed off with
soap and water. Flush contamination from the eyes with copious amounts of
water to avoid burns and corneal injury. If dermal or eye irritation persists,
specialized medical treatment should be obtained. See Chapter 2.



2. Gastrointestinal decontamination. If a large amount has been ingested
recently, consider gastric emptying or charcoal and cathartic. See Chapter 2 for
appropriate dosages.



3. Pulmonary edema. If pulmonary irritation or edema occur as a result of
inhaling methyl isothiocyanate, transport the victim promptly to a medical fa-
cility. Treatment for pulmonary edema should proceed as outlined in Chapter
16, Fumigants.



4. Contraindicated: Metam-sodium is not a cholinesterase inhibitor. Atro-
pine is not an antidote.



THIRAM



Thiram is a common component of latex and possibly responsible for
some of the allergies attributed to latex.



Toxicology



Thiram dust is moderately irritating to human skin, eyes, and respiratory
mucous membranes. Contact dermatitis has occurred in occupationally ex-
posed workers. A few individuals have experienced sensitization to thiram.3



Systemic human poisonings by thiram itself have been very few, probably
due to limited absorption in most circumstances involving human exposure.
Those which have been reported have been similar clinically to toxic reactions
to disulfiram (Antabuse), the ethyl analogue of thiram which has been exten-
sively used in alcohol aversion therapy.3 In laboratory animals, thiram at high
dosage has effects similar to those of disulfiram (hyperactivity, ataxia, loss of
muscle tone, dyspnea, and convulsions), but thiram appears to be about 10
times as toxic as disulfiram.
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Neither thiram nor disulfiram are cholinesterase inhibitors. Both, however,
inhibit the enzyme acetaldehyde dehydrogenase, which is critical to the
conversion of acetaldehyde to acetic acid. This is the basis for the “Antabuse
reaction” that occurs when ethanol is consumed by a person on regular disulfiram
dosage. The reaction includes symptoms of nausea, vomiting, pounding headache,
dizziness, faintness, mental confusion, dyspnea, chest and abdominal pain, profuse
sweating, and skin rash. In rare instances,  Antabuse reactions may have occurred
in workers who drank alcohol after previously being exposed to thiram.



Confirmation of Poisoning



Urinary xanthurenic acid excretion has been used to monitor workers
exposed to thiram. The test is not generally available.



Treatment: Thiram Toxicosis



1. Skin decontamination. Wash thiram from the skin with soap and water.
Flush contamination from the eyes with copious amounts of clean water. If irri-
tation of skin or eyes persists, specialized medical treatment should be obtained.



2. Gastrointestinal decontamination. If a large amount of thiram has been
swallowed within 60 minutes of presentation, and effective vomiting has not
already occurred, the stomach may be emptied by intubation, aspiration, and
lavage, taking all precautions to protect the airway from aspiration of vomitus.
Lavage should be followed by instillation of activated charcoal and cathartic. If
only a small amount of thiram has been ingested and/or treatment has been
delayed, oral administration of activated charcoal and cathartic probably repre-
sents optimal management.



3. Intravenous fluids. Appropriate IV fluids should be infused, especially if
vomiting and diarrhea are severe. Serum electrolytes and glucose should be
monitored and replaced as needed.



Treatment: Acetaldehyde Toxicosis (Antabuse Reaction)



1. Immediate management. Oxygen inhalation, Trendelenburg position-
ing, and intravenous fluids are usually effective in relieving manifestations of
Antabuse reactions.



2. Alochol avoidance. Persons who have absorbed any significant amount of
thiocarbamates must avoid alcoholic beverages for at least three weeks. Dispo-
sition of thiocarbamates is slow, and their inhibitory effects on enzymes are
slowly reversible.
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ZIRAM AND FERBAM



These are formulated as flowable and wettable powders, used widely on
fruit and nut trees, apples, vegetables, and tobacco.



Toxicology



Dust from these fungicides is irritating to the skin, respiratory tract, and
eyes. Prolonged inhalation of ziram is said to have caused neural and visual
disturbances, and, in a single case of poisoning, a fatal hemolytic reaction. Theo-
retically, exposure to ziram or ferbam may predispose the individual to Antabuse
reactions if alcohol is ingested after exposure. (See Thiram.) However, no such
occurrences have been reported.



Confirmation of Poisoning



No tests for these fungicides or their breakdown products in body fluids
are available.



Treatment



1. Skin decontamination. Skin contamination should be washed off with
soap and water. Flush contamination from the eyes with copious amounts of
water. If dermal or eye irritation persists, specialized medical treatment should
be obtained. See Chapter 2.



2. Gastrointestinal decontamination. If substantial amounts of ferbam or
ziram have been ingested recently, consideration should be given to gastric
emptying. If dosage was small and/or several hours have elapsed since inges-
tion, oral administration of charcoal and a cathartic probably represents optimal
management.



3. Hemolysis. If hemolysis occurs, intravenous fluids should be administered,
and induction of diuresis considered.
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ETHYLENE BIS DITHIOCARBAMATES
(EBDC COMPOUNDS)



MANEB, ZINEB, NABAM, AND MANCOZEB



Maneb and zineb are formulated as wettable and flowable powders. Nabam
is provided as a soluble powder and in water solution. Mancozeb is a coordina-
tion product of zinc ion and maneb. It is formulated as a dust and as wettable
and liquid flowable powders.



Toxicology



These fungicides may cause irritation of the skin, respiratory tract, and eyes.
Both maneb and zineb have apparently been responsible for some cases of chronic
skin disease in occupationally exposed workers, possibly by sensitization.



Although marked adverse effects may follow injection of EBDC compounds
into animals, systemic toxicity by oral and dermal routes is generally low. Nabam
exhibits the greatest toxicity, probably due to its greater water solubility and
absorbability. Maneb is moderately soluble in water, but mancozeb and zineb
are essentially water insoluble. Absorption of the latter fungicides across skin
and mucous membranes is probably very limited. Systemic poisonings of humans
have been extremely rare. However, zineb apparently precipitated an episode of
hemolytic anemia in one worker predisposed by reason of multiple red cell
enzyme deficiencies.4 Maneb exposure has been reported in one person who
developed acute renal failure and was treated with hemodialysis.5 Another person
developed behavioral and neurological symptoms including tonic-clonic seizures
after handling maneb. He recovered uneventfully with supportive care.6



The EBDC compounds are not inhibitors of cholinesterase or of acetalde-
hyde dehydrogenase. They do not induce cholinergic illness or “Antabuse” re-
actions.



Confirmation of Poisoining



No tests for these fungicides or their breakdown products in body fluids
are available.



Treatment



See Treatment for Substituted Benzenes, p. 139.



Commercial Products



ETHYLENE BIS
DITHIOCARBAMATES
(EBDC COMPOUNDS)



mancozeb
Dithane
Mancozin
manzeb
Manzin
Nemispor
Penncozeb
Ziman-Dithane



maneb
Kypman 80
Maneba
Manex
Manex 80
M-Diphar
Sopranebe
Trimangol



nabam
Chem Bam
DSE
Parzate
Spring Bak



zineb
Aspor
Dipher
Hexathane
Kypzin
Parzate C
Tritoftorol
Zebtox
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THIOPHTHALIMIDES



CAPTAN, CAPTAFOL, AND FOLPET



These agents are widely used to protect seed, field crops, and stored pro-
duce. They are formulated as dusts and wettable powders. Captafol is no longer
registered for use in the United States.



Toxicology



All of these fungicides are moderately irritating to the skin, eyes, and
respiratory tract. Dermal sensitization may occur; captafol appears to have been
responsible for several episodes of occupational contact dermatitis.7,8 No systemic
poisonings by thiophthalimides have been reported in humans, although captafol
has been reported to have exacerbated asthma after occupational exposure.9



Laboratory animals given very large doses of captan exhibit hypothermia,
irritability, listlessness, anorexia, hyporeflexia, and oliguria, the latter with
glycosuria and hematuria.



Confirmation of Poisoning



Captan fungicides are metabolized in the body to yield two metabolites
that can be measured in the urine.10



Treatment



See Treatment for Substituted Benzenes, p. 139.



COPPER COMPOUNDS



INORGANIC AND ORGANIC COMPOUNDS



Insoluble compounds are formulated as wettable powders and dusts. Soluble
salts are prepared as aqueous solutions. Some organometallic compounds are
soluble in mineral oils.



A great many commercial copper-containing fungicides are available. Some
are mixtures of copper compounds. Others include lime, other metals, and
other fungicides. Compositions of specific products can usually be provided by
manufacturers or by poison control centers.



Copper-arsenic compounds such as Paris green may still be used in agri-
culture outside the U.S.  Toxicity of these compounds is chiefly due to arsenic
content (see Chapter 14,  Arsenical Pesticides).



Commercial Products



THIOPHTHALIMIDES



captafol*
Crisfolatan
Difolatan
Foltaf
Haipen
Merpafol
Mycodifol
Sanspor



captan
Captaf
Captanex
Merpan
Orthocide
Vondcaptan



folpet
Folpan
Fungitrol II
Phaltan
Thiophal



COPPER COMPOUNDS



Inorganic Copper Compounds
copper acetate
copper ammonium carbonate
copper carbonate, basic
copper hydroxide
copper lime dust
copper oxychloride
copper potassium sulfide
copper silicate
copper sulfate
cupric oxide
cuprous oxide
tribasic



Bordeaux Mixture



Organic Copper Compunds
copper linoleate
copper naphthenate
copper oleate
copper phenyl salicylate
copper quinolinolate
copper resinate



* Discontinued in the U.S.
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Toxicology



The dust and powder preparations of copper compounds are irritating to the
skin, respiratory tract, and particularly to the eyes. Soluble copper salts (such as
the sulfate and acetate) are corrosive to mucous membranes and the cornea.
Limited solubility and absorption probably account for the generally low sys-
temic toxicity of most compounds. The more absorbable organic copper com-
pounds exhibit the greatest systemic toxicity in laboratory animals. Irritant effects
from occupational exposures to copper-containing fungicides have been fairly
frequent. Most of what is known about mammalian toxicity of copper com-
pounds has come from veterinary toxicology (livestock seem uniquely vulner-
able) and poisonings in humans due to deliberate ingestion of copper sulfate or to
consumption of water or food that had been contained in copper vessels.



Early signs and symptoms of copper poisoning include a metallic taste,
nausea, vomiting, and epigastric pain. In more severe poisonings, the gastrointes-
tinal irritation will worsen with hemetemesis and melanotic stools. Jaundice
and hepatomegaly are common.11,12 Hemolysis can occur, resulting in circula-
tory collapse and shock. Methemoglobinemia has been reported in these
cases.11,13,14 Acute renal failure with oliguria can also occur. Shock is a primary
cause of death early in the course, and renal failure and hepatic failure contrib-
ute to death more than 24 hours after poisoning.15



Treatment



Management of poisonings by ingestion of copper-containing fungicides
depends entirely on the chemical nature of the compound: the strongly ionized
salts present the greatest hazard; the oxides, hydroxides, oxychloride, and
oxysulfate are less likely to cause severe systemic poisoning.



1. Skin decontamination. Dust and powder should be washed from the skin
with soap and water. Flush the eyes free of irritating dust, powder, or solution,
using clean water or saline. If eye or dermal irritation persists, specialized medi-
cal treatment should be obtained. Eye irritation may be severe. See Chapter 2.



2. Anti-corrosive. Give water or milk as soon as possible to dilute the toxicant
and mitigate corrosive action on the mouth, esophagus, and gut.



3. Gastrointestinal decontamination. Vomiting is usually spontaneous in
acute copper ingestion. Further induction of emesis is contraindicated because
the corrosive nature of some copper salts can cause further damage to the
esophagus. Further GI decontamination should be determined on a case-by-
case basis, as outlined in Chapter 2. Gastric lavage may cause further damage.15



Charcoal has not been widely studied in metal poisonings as an effective
adsorbant.
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Caution: Gastric intubation may pose a serious risk of esophageal perfo-
ration if corrosive action has been severe. In this event, it may be best to avoid
gastric intubation.



4. Intravenous fluids. If indications of systemic illness appear, administer in-
travenous fluids containing glucose and electrolytes. Monitor fluid balance, and
correct blood electrolyte concentrations as needed. If shock develops, give blood
transfusions and vasopressor amines, as required.



5. Hemolysis. Monitor plasma for evidence of hemolysis (free hemoglobin)
and the red cells for methemoglobin. If hemolysis occurs, alkalinize the urine
to about pH 7.5 by adding sodium bicarbonate to the intravenous infusion
fluid. Also, mannitol diuresis may be considered. If methemoglobinemia is se-
vere (> 30%), or the patient is cyanotic, administer methylene blue. The dosage
for adults/child is 1-2 mg/kg/dose, given as a slow IV push over a few minutes,
every 4 hours as needed.15



6. Pain management. Severe pain may require the administration of mor-
phine.



7. Chelating agents. The value of chelating agents in copper poisoning has
not been established.16 However, BAL appears to accelerate copper excretion
and may alleviate illness. D-penicillamine is the treatment for Wilson’s disease
due to chronic copper toxicity; however, in the context of severe vomiting
and/or mental status changes from an acute ingestion, BAL would be a more
likely initial choice.13,15 For a recommended schedule of dosage for initial therapy
with BAL and subsequent penicillamine administration, see Chapter 14, Ar-
senical Pesticides.



8. Hemodialysis. Although hemodialysis is indicated for patients with renal
failure, copper is not effectively removed in the dialysate.11



ORGANOMERCURY COMPOUNDS



METHYL MERCURY AND METHOXYETHYL
MERCURY COMPOUNDS, PHENYLMERCURIC ACETATE



These fungicides have been formulated as aqueous solutions and dusts.
They have been used chiefly as seed protectants. Use of alkyl mercury fungicides
in the United States has been virtually prohibited for several years. Phenyl-
mercuric acetate is no longer permitted to be used in the United States.



Commercial Products



ORGANOMERCURY
COMPOUNDS



Methyl Mercury
Compounds



methyl mercury acetate
propionate
quinolinolate



Methoxyethyl Mercury
Compounds



methoxyethyl mercury acetate
MEMA
Panogen
Panogen M



methoxyethyl mercury chloride
Ceresan
Emisan 6
MEMC



Phenylmercuric Acetate
Agrosan
Setrete
Gallotox
PMAA
Shimmer-ex
Tag HL 331
Unisan
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Toxicology



 The mercurial fungicides are among the most toxic pesticides ever
developed, for both chronic and acute hazards. Epidemics of severe, often fatal,
neurologic disease have occurred when indigent residents of less developed
countries consumed methyl mercury-treated grain intended for planting of
crops.17,18 Poisoning has also occurred from eating meat from animals fed
mercury-treated seed.19 Most of what is known of poisoning by organic mercurial
fungicides has come from these occurrences.



Organic mercury compounds are efficiently absorbed across the gut and
possibly across the skin. Volatile organic mercury is readily taken up across the
pulmonary membrane. Methyl mercury is selectively concentrated in the tissue
of the nervous system, and also in red blood cells. Other alkyl mercury com-
pounds are probably distributed similarly. Excretion occurs almost entirely by
way of the bile into the bowel. The residence half-life of methyl mercury in
humans is about 65 days.20 There is significant conversion of organic mercury
to inorganic mercury in the red cell.



Early symptoms of poisoning are metallic taste in the mouth, numbness
and tingling of the digits and face, tremor, headache, fatigue, emotional lability,
and difficulty thinking. Manifestations of more severe poisoning are incoordi-
nation, slurred speech, loss of position sense, hearing loss, constriction of visual
fields, spasticity or rigidity of muscle movements, and deterioration of mental
capacity. Many poisonings caused by ingestion of organic mercurials have ter-
minated fatally, and a large percentage of survivors have suffered severe perma-
nent neurologic damage.17-19



Phenylmercuric acetate is not as extremely toxic as the alkyl mercury com-
pounds. It is not as efficiently absorbed from the gut as methyl mercury.21 Phenyl-
mercuric acetate had been used to prevent fungal growth in latex paint. There
have been reports of acrodynia in persons exposed to mercury vapor from use of
interior latex paint. Symptoms include fever, erythema and desquamation of hands
and feet, muscular weakness, leg cramps, and personality changes.22 Phenyl-
mercuric compounds have since been banned from latex paint.20



Confirmation of Poisoning



Mercury content of blood and tissues can be measured by atomic absorp-
tion spectrometry. Blood levels of 5 mcg/dL or greater are considered elevated
for acute exposure.21 Special procedures are needed for extraction and mea-
surement of organic mercury compounds specifically.
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Treatment



Every possible precaution should be taken to avoid exposure to organic
mercury compounds. Ingestion of an organic mercury compound, even at low
dosage, is life threatening, and management is difficult. Very little can be done
to mitigate neurologic damage caused by organic mercurials.



Persons experiencing symptoms (metallic taste in mouth) after inhalation of
volatile organic mercury compounds (methyl mercury is the most volatile) should
be removed promptly from the contaminated environment and observed closely
for indications of neurologic impairment. Following are the basic steps in man-
agement of poisoning:



1. Skin decontamination. Skin and hair contaminated by mercury-contain-
ing dust or solution should be cleansed with soap and water. Flush contamina-
tion from the eyes with clean water. If irritation persists, specialized medical
care should be obtained. See Chapter 2.



2. Gastrointestinal decontamination. Consider gastrointestinal decontami-
nation as outlined in Chapter 2.



3. Chelation is an essential part of the management of mercury poisoning. For
dosages of specific agents, see Chapter 14, Arsenical Pesticides. Succimer (DMSA)
appears to be the most effective agent available in the United States. Dimerca-
prol (BAL) is contraindicated in these poisonings due to its potential to in-
crease brain levels of mercury.20 EDTA is apparently of little value in poisonings
by organic mercury. D-penicillamine is probably useful, is available in the United
States, and has proven effective in reducing the residence half-life of methyl
mercury in poisoned humans.20 2,3-dimercaptopropane-1-sulfonate acid
(DMPS) and N-acetyl-D,L-penicillamine (NAP) are probably also useful but
are not currently approved for use in the United States.



4. Hemodialysis. Extracorporeal hemodialysis and hemoperfusion may be
considered, although experience to date has not been encouraging.



ORGANOTIN COMPOUNDS
These compounds are formulated as wettable and flowable powders for use



mainly as fungicides to control blights on field crops and orchard trees. Fentin
chloride was also prepared as an emulsifiable concentrate for use as a mollusci-
cide (Aquatin 20 EC, discontinued 1995). Tributyltin salts are used as fungi-
cides and antifouling agents on ships. They are somewhat more toxic by the
oral route than triphenyltin, but toxic actions are otherwise probably similar.



Commercial Products



ORGANOTIN
COMPOUNDS



fentin acetate*
Batasan
Brestan
Phenostat-A
Phentinoacetate
Suzu
TPTA



fentin chloride*
Tinmate



fentin hydroxide
Super Tin
Suzu-H
Tubotin



triphenyl tin



* Discontinued in the U.S.
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Toxicology



 These agents are irritating to the eyes, respiratory tract, and skin. They are
probably absorbed to a limited extent by the skin and gastrointestinal tract. Manifes-
tations of toxicity are due principally to effects on the central nervous system:
headache, nausea, vomiting, dizziness, and sometimes convulsions and loss of
consciousness. Photophobia and mental disturbances occur. Epigastric pain is
reported, even in poisoning caused by inhalation. Elevation of blood sugar, suffi-
cient to cause glycosuria, has occurred in some cases. The phenyltin fungicides
are less toxic than ethyltin compounds, which have caused cerebral edema,
neurologic damage, and death in severely poisoned individuals who were
exposed dermally to a medicinal compound of this type.23 No deaths and very
few poisonings have been reported as a result of occupational exposures to phenyltin
compounds.



Treatment



1. Skin decontamination. Skin contamination should be removed by wash-
ing with soap and water. Flush contaminants from the eyes with clean water or
saline. If irritation persists, specialized medical treatment should be obtained.
See Chapter 2.



2. Gastrointestinal decontamination. If large amounts of phenyltin com-
pound have been ingested in the past hour, measures may be taken to decon-
taminate the gastrointestinal tract, as outlined in Chapter 2.



3. Chelating agents. Neither BAL, penicillamine, nor other chelating agents
have been effective in lowering tissue stores of organotin compounds in ex-
perimental animals.



CADMIUM COMPOUNDS
Cadmium salts have been used to treat fungal diseases affecting turf and the



bark of orchard trees. They were formulated as solutions and emulsions. Miller
531 and Crag Turf Fungicide 531 were complexes of cadmium, calcium, cop-
per, chromium, and zinc oxides. They are now marketed as a generic fungicide.
Kromad is a mixture of cadmium sebacate, potassium chromate, and thiram.
Cad-Trete is a mixture of cadmium chloride and thiram. All cadmium fungi-
cides in the U.S. have been discontinued.



Commercial Products



CADMIUM
COMPOUNDS



cadmium chloride*
   Caddy
cadmium succinate*
   Cadminate
cadmium sulfate*



Cad-Trete
Crag Turf Fungicide
Kromad
Miller 531



* Discontinued in the U.S.
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Toxicology



Cadmium salts and oxides are very irritating to the respiratory and gas-
trointestinal tracts. Inhaled cadmium dust or fumes can cause respiratory toxic-
ity after a latency period of several hours, including a mild, self-limited illness
of fever, cough, malaise, headaches, and abdominal pain, similar to metal fume
fever. A more severe form of toxicity includes chemical pneumonitis, and is
associated with labored breathing, chest pain, and a sometimes fatal hemor-
rhagic pulmonary edema.24,25 Symptoms may persist for weeks.



Ingested cadmium causes nausea, vomiting, diarrhea, abdominal pain, and
tenesmus. Relatively small inhaled and ingested doses produce serious symp-
toms. Protracted absorption of cadmium has led to renal damage (proteinuria
and azotemia), anemia, liver injury (jaundice), and defective bone structure
(pathologic fractures) in chronically exposed persons. Prolonged inhalation of
cadmium dust has contributed to chronic obstructive pulmonary disease.26



Confirmation of Poisoning



 Cadmium can be measured in body fluids by appropriate extraction, fol-
lowed by flame absorption spectrometry. It is reported that blood cadmium
concentrations tend to correlate with acute exposure and urine levels tend to
reflect total body burden. Blood levels exceeding 5 mcg/dL suggest excessive
exposure.25 Urinary excretion in excess of 100 mcg per day suggests an unusu-
ally high body burden.



Treatment



1. Skin decontamination. Skin contamination should be removed by wash-
ing with soap and water. Flush contamination from the eyes with copious
amounts of clean water or saline. If irritation persists, specialized medical treat-
ment should be obtained. See Chapter 2.



2. Pulmonary edema. Respiratory irritation resulting from inhalation of
small amounts of cadmium dust may resolve spontaneously, requiring no
treatment. More severe reactions, including pulmonary edema and pneumonitis,
may require aggressive measures, including positive pressure mechanical
pulmonary ventilation, monitoring of blood gases, administration of diuretics,
steroid medications, and antibiotics.25 Codeine sulfate may be needed to control
cough and chest pain.



3. Gastrointestinal decontamination. The irritant action of ingested cadmium
products on the gastrointestinal tract is so strong that spontaneous vomiting
and diarrhea often eliminate nearly all unabsorbed cadmium from the gut. If
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retention of some cadmium in the lower GI tract is suspected, further
gastrointestinal decontamination may be considered, as outlined in Chapter 2.



4. Intravenous fluids may be required to overcome dehydration caused by
vomiting and diarrhea. Also, fluids limit cadmium toxicity affecting the kidneys
and liver. However, great care must be taken to monitor fluid balance and
blood electrolyte concentrations, so that failing renal function does not lead to
fluid overload.



5. Chelation therapy with calcium disodium EDTA may be considered for
acute poisoning, depending on measured cadmium in blood and urine, and the
status of renal function. Its therapeutic value in cadmium poisoning has not
been established, and use of the agent carries the risk that unduly rapid transfer
of cadmium to the kidney may precipitate renal failure. Urine protein and
blood urea nitrogen and creatinine should be carefully monitored during therapy.
The dosage should be 75 mg/kg/day in three to six divided doses for 5 days.
The total dose for the 5-day course should not exceed 500 mg/kg.27 Succimer
(DMSA) has also been used in this poisoning, but has not been demonstrated
to be efficacious.



6. Contraindications: Dimercaprol (BAL) is not recommended for treatment
of cadmium poisoning, chiefly because of the risk of renal injury by mobilized
cadmium.



7. Liver function. Monitor urine content of protein and cells regularly, and
perform liver function tests for indications of injury to these organs.



MISCELLANEOUS ORGANIC FUNGICIDES
Some modern organic fungicides are widely used. Reports of adverse ef-



fects on humans are few. Some of the known properties of these agents are
listed below.



Anilazine is supplied as wettable and flowable powders. Used on veg-
etables, cereals, coffee, ornamentals, and turf. This product has caused skin irri-
tation in exposed workers. Acute oral and dermal toxicity in laboratory animals
is low. Human systemic poisonings have not been reported.



Benomyl is a synthetic organic fungistat having little or no acute toxic
effect in mammals. No systemic poisonings have been reported in humans.
Although the molecule contains a carbamate grouping, benomyl is not a cho-
linesterase inhibitor. It is poorly absorbed across skin; whatever is absorbed is
promptly metabolized and excreted.



Skin injuries to exposed individuals have occurred, and dermal sensitiza-
tion has been found among agricultural workers exposed to foliage residues.



Commercial Products



MISCELLANEOUS
ORGANIC FUNGICIDES



anilazine*
Dyrene



benomyl
Benex
Benlate
Tersan 1991



cycloheximide*
naramycin



dodine
Carpene
Curitan
Melprex
Venturol



etridiazole
Aaterra
Ethazol
Koban
Pansoil
Terrazole
Truban



iprodione
Glycophene
Rovral



metalaxyl
Ridomil
Subdue



thiabendazole
Apl-Luster
Arbotect
Mertect
Tecto
Thibenzole



triadimefon
Amiral
Bayleton



triforine
Denarin
Funginex
Saprol



* Discontinued in the U.S.
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Cycloheximide is formulated as wettable powder, sometimes combined
with other fungicides. Cycloheximide is a product of fungal culture, effective
against fungal diseases of ornamentals and grasses. It is selectively toxic to rats,
much less toxic to dogs and monkeys. No human poisonings have been reported.
Animals given toxic doses exhibit salivation, bloody diarrhea, tremors, and
excitement, leading to coma and death due to cardiovascular collapse.
Hydrocortisone increases the rate of survival of deliberately poisoned rats.
Atropine, epinephrine, methoxyphenamine, and hexamethonium all relieved
the symptoms of poisoning, but did not improve survival.



Dodine is formulated as a wettable powder. It is commonly applied to
berries, nuts, peaches, apples, pears, and to trees afflicted with leaf blight. Dodine
is a cationic surfactant with antifungal activity. It is absorbed across the skin and
is irritating to skin, eyes, and gastrointestinal tract. Acute oral and dermal toxic-
ity in laboratory animals is moderate. Poisonings in humans have not been
reported. Based on animal studies, ingestion would probably cause nausea, vom-
iting, and diarrhea.



Iprodione is supplied as wettable powder and other formulations. It is
used on berries, grapes, fruit, vegetables, grasses, and ornamentals, and as a seed
dressing. Iprodione exhibits low acute oral and dermal toxicity in laboratory
animals. No human poisonings have been reported.



Metalaxyl is supplied as emulsifiable and flowable concentrates. It is used
to control soil-borne fungal diseases on fruit trees, cotton, hops, soybeans, pea-
nuts, ornamentals and grasses. Also used as seed dressing. Metalaxyl exhibits low
acute oral and dermal toxicity in laboratory animals. No human poisonings
have been reported.



Etridiazole is supplied as wettable powder and granules for application to
soil as a fungicide and nitrification inhibitor. Contact may result in irritation of
skin and eyes. Systemic toxicity is low. Human poisonings have not been re-
ported.



Thiabendazole is widely used as an agricultural fungicide, but most ex-
perience with its toxicology in humans has come from medicinal use against
intestinal parasites. Oral doses administered for this purpose are far greater than
those likely to be absorbed in the course of occupational exposure. Thiabenda-
zole is rapidly metabolized and excreted in the urine, mostly as a conjugated
hydroxy-metabolite. Symptoms and signs that sometimes follow ingestion are:
dizziness, nausea, vomiting, diarrhea, epigastric distress, lethargy, fever, flushing,
chills, rash and local edema, headache, tinnitus, paresthesia, and hypotension.
Blood enzyme tests may indicate liver injury. Persons with liver and kidney
disease may be unusually vulnerable to toxic effects.  Adverse effects from use of
thiabendazole as a fungicide have not been reported.



Triadimefon is supplied as wettable powder, emulsifiable concentrate, sus-
pension concentrate, paste, and dry flowable powder. Used on fruit, cereals,
vegetables, coffee, ornamentals, sugarcane, pineapple, and turf, triadimefon ex-
hibits moderate acute oral toxicity in laboratory animals, but dermal toxicity is
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low. It causes irritation if eyes are contaminated. Triadimefon is absorbed across
the skin. Overexposures of humans are said to have resulted in hyperactivity
followed by sedation.



Triforine is supplied as emulsifiable concentrate and wettable powder.
Used on berries, fruit, vegetables, and ornamentals, triforine exhibits low acute
oral and dermal toxicity in laboratory animals. Mammals rapidly excrete it
chiefly as a urinary metabolite. No human poisonings have been reported.



Confirmation of Poisoining



There are no generally available laboratory tests for these organic fungi-
cides or their metabolites in body fluids.



Treatment



See Treatment for Substituted Benzenes, p. 139.
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CHAPTER 16



Fumigants



Fumigants have remarkable capacities for diffusion, a property essential to their
function. Some readily penetrate rubber and neoprene personal protective gear,
as well as human skin. They are rapidly absorbed across the pulmonary mem-
brane, gut, and skin. Special adsorbents are required in respirator canisters to
protect exposed workers from airborne fumigant gases. Even these may not
provide complete protection when air concentrations of fumigants are high.



The packaging and formulation of fumigants are complex. Fumigants which
are gases at room temperature (methyl bromide, ethylene oxide, sulfur dioxide,
hydrogen cyanide, sulfuryl fluoride) are provided in compressed gas cylinders. Liq-
uids are marketed in cans or drums. Solids which sublime, such as naphthalene,
must be packaged so as to prevent significant contact with air before they are used.



Mixtures of fumigants have several advantages. Carbon tetrachloride re-
duces the explosiveness of carbon disulfide and acrylonitrile. Chloropicrin, having
a strong odor and irritant effect, is often added as a “warning agent” to other
liquid fumigants.



Liquid halocarbons and carbon disulfide evaporate into the air while naph-
thalene sublimes. Paraformaldehyde slowly depolymerizes to formaldehyde.
Aluminum phosphide slowly reacts with water vapor in the air to liberate phos-
phine, an extremely toxic gas. Metam sodium, also a fumigant, is covered under
thiocarbamates in Chapter 15, Fungicides.



Toxicology (in alphabetical order)



Acrolein (acrylaldehyde) is an extremely irritating gas used as a fumigant
and an aquatic herbicide. The vapor causes lacrimation and upper respiratory
tract irritation, which may lead to laryngeal edema, bronchospasm, and delayed
pulmonary edema. The consequences of ingestion are essentially the same as
those that follow ingestion of formaldehyde. Contact with the skin may cause
blistering.



Acrylonitrile is biotransformed in the body to hydrogen cyanide. Toxic-
ity and mechanisms of poisoning are essentially the same as for cyanide (see
under hydrogen cyanide below), except that acrylonitrile is irritating to the
eyes and to the upper respiratory tract.



Carbon disulfide vapor is only moderately irritating to upper respiratory
membranes, but it has an offensive “rotten cabbage” odor. Acute toxicity is due



HIGHLIGHTS



• Easily absorbed in lung, gut,
skin



Signs and Symptoms:



• Highly variable based on
agent



• Many are irritants



• Carbon disulfide,
chloroform, hydrogen
cyanide, and naphthalene
may have serious CNS
effects



• Methyl bromide and
aluminum phosphide
(phosphine gas) cause
pulmonary edema



• Hydrogen cyanide causes
severe hypoxia without
cyanosis in early stages



Treatment:



• Skin and eye
decontamination



• Oxygen and diuresis for
pulmonary edema



• Specific measures needed
for various agents



Contraindicated:



• Ipecac should not be used
in cyanide poisoning
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chiefly to effects on the central nervous system. Inhalation of high concentra-
tions for short periods has caused headache, dizziness, nausea, hallucinations,
delirium, progressive paralysis, and death from respiratory failure. More pro-
longed exposure to lesser amounts has lead to blindness, deafness, paresthesia,
painful neuropathy, and paralysis. Carbon disulfide is a potent skin irritant,
often causing severe burns. Long-term occupational exposures have been shown to
accelerate atherosclerosis, leading to ischemic myocardiopathy, polyneuropathy,
and gastrointestinal dysfunction.1 Toxic damage to the liver and kidneys may
result in severe functional deficits of these organs. Reproductive failure has
been noted.



Carbon tetrachloride is less toxic than chloroform as a central nervous
system depressant, but is much more severely hepatotoxic, particularly follow-
ing ingestion. Liver cell damage is apparently due to free radicals generated in
the process of initial dechlorination.2 Cardiac arrhythmias, progressing to
fibrillation, may follow inhalation of high concentrations of carbon tetra-
chloride or ingestion of the liquid. Kidney injury also occurs sometimes with
minimal hepatic toxicity. The kidney injury may be manifested by acute tubular
necrosis or by azotemia and general renal failure. Even topical exposure has
resulted in acute renal toxicity.3



Chloroform has an agreeable sweet odor and is only slightly irritating to
the respiratory tract. It is well absorbed from the lungs and is also absorbed
from the skin and gastrointestinal tract. It is a powerful central nervous system
depressant (in fact, an anesthetic).4 Inhalation of toxic concentrations in air
leads to dizziness, loss of sensation and motor power, and then unconsciousness.
Inhalation of large amounts causes cardiac arrhythmias, sometimes progressing
to ventricular fibrillation. Large absorbed doses damage the functional cells of
the liver and kidney. Ingestion is more likely to cause serious liver and kidney
injury than is inhalation of the vapor.



Chloropicrin is severely irritating to the upper respiratory tract, eyes, and
skin. Inhalation of an irritant concentration sometimes leads to vomiting. In-
gestion could be expected to cause a corrosive gastroenteritis.



Dibromochloropropane is irritating to skin, eyes, and the respiratory
tract. Eye damage has resulted from repeated exposure to the vapors. When
absorbed, it causes headache, nausea, vomiting, ataxia, and slurred speech. Liver
and kidney damage are prominent features of acute poisoning. Chronic
exposure to relatively low concentrations has led to temporary or permanent
sterility of workers in a manufacturing plant, by causing diffuse necrosis of
seminiferous tubule cells. Because it is much less odiferous than ethylene
dibromide, exposure of workers to toxic concentrations of DBCP is more likely.
Its use has been cancelled in the U.S.



Dichloropropene and dichloropropane are strongly irritating to the
skin, eyes, and respiratory tract. Bronchospasm may result from inhalation of
high concentrations. Liver, kidney, and cardiac toxicity are seen in animals, but
there are limited data in humans. It appears that risk of such toxicity is relatively
low for humans except via ingestion of large quantities.



Commercial Products



HALOCARBONS



carbon tetrachloride*
chloroform*



trichloromethane
chloropicrin



Aquinite
Dojyopicrin
Dolochlor
Larvacide
Pic-Clor



dibromochloropropane*
Nemafume
Nemanax
Nemaset



1,2-dichloropropane*
propylene dichloride



1,3-dichloropropene
D-D92
Telone II Soil Fumigant



ethylene dibromide*
Bromofume
Celmide
dibromoethane
E-D-Bee
EDB
Kopfume
Nephis



ethylene dichloride*
dichloroethane
EDC



methyl bromide
Celfume
Kayafume
Meth-O-Gas
MeBr
Sobrom 98



methylene chloride*
paradichlorobenzene



HYDROCARBONS



naphthalene



NITROGEN COMPOUNDS



acrylonitrile*
hydrogen cyanide*



hydrocyanic acid
prussic acid



(Continued on the next page)
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Ethylene dibromide is a severe irritant to skin, eyes, and respiratory tract.
The liquid causes blistering and erosion of skin, and is corrosive to the eyes.
Once absorbed, it may cause pulmonary edema and central nervous system
depression. Damage to testicular tissue has occurred in animals.5 Long-term
exposure may have some damaging effect on testicular tissue. Persons poisoned
by ingestion have suffered chemical gastroenteritis, liver necrosis, and renal tu-
bular damage. Death is usually due to respiratory or circulatory failure. A pow-
erful disagreeable odor is advantageous in warning occupationally exposed
workers of the presence of this gas.



Ethylene dichloride is moderately irritating to the eyes and respiratory
tract. Respiratory symptoms may have a delayed onset. It depresses the central
nervous system, induces cardiac arrhythmias, and damages the liver and kidney,
in much the same way as carbon tetrachloride. Symptoms and signs of poison-
ing include headache, nausea, vomiting, dizziness, diarrhea, hypotension, cy-
anosis, and unconsciousness.



Ethylene oxide and propylene oxide are irritants to all tissues they
contact. Aqueous solutions of ethylene oxide cause blistering and erosion of the
affected skin. The area of skin may thereafter be sensitized to the fumigant.
Inhalation of high concentrations is likely to cause pulmonary edema and car-
diac arrhythmias. Headache, nausea, vomiting, weakness, and a persistent cough
are common early manifestations of acute poisoning. Coughing of bloody, frothy
sputum is characteristic of pulmonary edema.



Airborne formaldehyde is irritating to the eyes and to membranes of the
upper respiratory tract. In some individuals, it is a potent sensitizer, causing aller-
gic dermatitis. In addition, it has been associated with asthma-like symptoms,
though there remains some controversy as to whether these represent true aller-
gic asthma caused by formaldehyde.6,7,8 High air concentrations may cause laryn-
geal edema, asthma, or tracheobronchitis, but apparently not pulmonary edema.
Aqueous solutions in contact with the skin cause hardening and roughness, due
to superficial coagulation of the keratin layer. Ingested formaldehyde attacks the
membrane lining of the stomach and intestine, causing necrosis and ulceration.
Absorbed formaldehyde is rapidly converted to formic acid. The latter is partly
responsible for the metabolic acidosis that is characteristic of formaldehyde poi-
soning. Circulatory collapse and renal failure may follow the devastating effects of
ingested formaldehyde on the gut, leading to death. Paraformaldehyde is a poly-
mer which slowly releases formaldehyde into the air. Toxicity is somewhat less
than that of formaldehyde, because of the slow evolution of gas.



Hydrogen cyanide gas causes poisoning by inactivating cytochrome oxi-
dase, the final enzyme essential to mammalian cellular respiration. The patient
will have signs of severe hypoxia, however, and in some cases may not appear
cyanotic. This is due to the failure of hemoglobin reduction in the face of loss
of cellular respiration. This will result in a pink or red color to the skin and
arteriolization of retinal veins. In addition to the suggestive physical findings,



Commercial Products
(Continued)



OXIDES AND ALDEHYDES



acrolein
Magnacide B
Magnacide H



1,2-epoxyethane
ethylene oxide



ETO
formaldehyde
oxirane
paraformaldehyde



PHOSPHORUS COMPOUNDS



phosphine (liberated from
aluminum phosphide or
magnesium phosphide)



Agtoxin
Alphos
Fumex
Fumitoxin
Phostoxin
Quickfos
Sanifume
Shaphos
others



SULFUR COMPOUNDS



carbon disulfide*
sulfur dioxide
sulfuryl fluoride



Vikane



* Discontinued in the U.S.
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one may also find an unusually high pO2 on a venous blood gas.9 Cyanosis is a
late sign and indicates circulatory collapse.



The cells of the brain appear to be the most vulnerable to cyanide action.
Presenting signs are nonspecific and can be found with many poisonings.
Unconsciousness and death may occur immediately following inhalation of a
high cyanide concentration, respiratory failure being the principal mechanism.
Metabolic acidosis is another common presenting sign. Lesser exposures cause
a constriction and numbness in the throat, stiffness of the jaw, salivation, nausea,
vomiting, lightheadedness, and apprehension. Worsening of the poisoning
is manifest as violent tonic or clonic convulsions. Fixed, dilated pupils,
bradycardia, and irregular gasping respiration (or apnea) are typical of profound
poisoning. The heart often continues to beat after breathing has stopped.9,10



A bitter almond odor to the breath or vomitus may be a clue to poisoning, but
not all individuals are able to detect this odor.9



Methyl bromide is colorless and nearly odorless, but is severely irritating
to the lower respiratory tract, sometimes inducing pulmonary edema, hemor-
rhage, or a confluent pneumonia. The onset of respiratory distress may be
delayed 4-12 hours after exposure. It is a central nervous system depressant, but
may also cause convulsions. Early symptoms of acute poisoning include
headache, dizziness, nausea, vomiting, tremor, slurred speech, and ataxia. The
more severe cases of poisoning exhibit myoclonic and generalized tonic clonic
seizures, which are sometimes refractory to initial therapy. Residual neurologi-
cal deficits including myoclonic seizures, ataxia, muscle weakness, tremors,
behavioral disturbances, and diminished reflexes may persist in more severely
poisoned patients.11,12 If liquid methyl bromide contacts the skin, severe
burning, itching, and blister formation occur. Skin necrosis may be deep and
extensive.



Methylene chloride is one of the less toxic halocarbons. It is absorbed by
inhalation and to a limited extent across the skin. Exposure to high concentra-
tions may cause central nervous system depression, manifested as fatigue,
weakness, and drowsiness. Some absorbed methylene chloride is degraded to
carbon monoxide in humans, yielding increased blood concentrations of
carboxyhemoglobin. However, concentrations are rarely high enough to cause
symptoms of carbon monoxide poisoning. Ingestion has caused death from
gastrointestinal hemorrhage, severe liver damage, coma, shock, metabolic
acidosis, and renal injury. In laboratory animals, extraordinary dosage has caused
irritability, tremor, and narcosis, leading to death. When heated to that point of
decomposition, one of the products is the highly toxic phosgene gas that has
caused a significant acute pneumonitis.13



 Naphthalene is a solid white hydrocarbon long used in ball, flake, or cake
form as a moth repellent. It sublimes slowly. The vapor has a sharp, pungent odor
that is irritating to the eyes and upper respiratory tract. Inhalation of high con-
centrations causes headache, dizziness, nausea, and vomiting. Intensive prolonged
inhalation exposure, or ingestion or dermal exposure (from contact with heavily
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treated fabric) may cause hemolysis, particularly in persons afflicted with glu-
cose-6-phosphate dehydrogenase deficiency.14 The inheritance of glucose-6-
phosphate dehydrogenase (G-6-PD) deficiency is by a sex-linked gene with
intermediate dominance. For this reason it is most commonly expressed in
heterozygous males. However, homozygous females, who are far less common,
will have a similar expression. Heterozygous females have only a mild depres-
sion of this enzyme. This illness is most common in non-white African and
African-American ethnic groups. It is also seen in some Mediterranean ethnic
populations.



It is actually the metabolites of naphthalene that are responsible for the hemoly-
sis.15 Secondary renal tubular damage may ensue from the naphthol and from the
products of hemolysis. Convulsions and coma may occur, particularly in children.
In infants, high levels of hemoglobin, methemoglobin, and bilirubin in the plasma
may lead to encephalopathy. Kernicterus has been specifically described as a com-
plication of exposure to naphthalene with severe hemolysis and resulting hyper-
bilirubinemia. Some individuals exhibit dermal sensitivity to naphthalene.



Paradichlorobenzene is solid at room temperature, and is now widely
used as a moth repellent, air freshener, and deodorizer in homes and in public
facilities. The vapor is only mildly irritating to the nose and eyes. Liver injury
and tremor may occur following ingestion of large amounts. Although acci-
dental ingestions, especially by children, have been fairly common, symptom-
atic human poisonings have been rare. Other stereoisomers of dichlorobenzene
are more toxic than the para-isomer.



Phosphine gas is extremely irritating to the respiratory tract. It also pro-
duces severe systemic toxicity. It is used as a fumigant by placing solid aluminum
phosphide (phostoxin) near produce or in other storage spaces. Through hy-
drolysis, phosphine gas is slowly released. Most severe acute exposures have in-
volved ingestion of the solid aluminum phosphide, which is rapidly converted to
phosphine by acid hydrolysis in the stomach. Poisoning due to ingestion carries a
high mortality rate (50 to 90%). 16,17 Mechanisms of toxicity are not well under-
stood. Extracellular magnesium levels have been found to be slightly elevated,
suggesting a depletion of intracellular magnesium from myocardial damage.18



Poisonings had become quite frequent during the late 1980s and early
1990s in some parts of India.16,17 The principal manifestations of poisoning are
fatigue, nausea, headache, dizziness, thirst, cough, shortness of breath, tachycar-
dia, chest tightness, paresthesia, and jaundice. Cardiogenic shock is present in
more severe cases. Pulmonary edema is a common cause of death. In other
fatalities, ventricular arrythmias, conduction disturbances, and asystole devel-
oped.16,19 Odor is said to resemble that of decaying fish.



Sulfur dioxide is a highly irritant gas, so disagreeable that persons inhal-
ing it are usually prompted to seek uncontaminated air as soon as possible.
However, laryngospasm and pulmonary edema have occurred, occasionally lead-
ing to severe respiratory distress and death. It is sometimes a cause of reactive
airways disease in occupationally exposed persons.
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Sulfuryl fluoride has been used extensively for structural fumigation.
Although use experience has generally been good, some fatalities have oc-
curred when fumigated buildings have been prematurely reentered by unpro-
tected individuals.20 Since this material is heavier than air, fatal hypoxia may
follow early reentry. Manifestations of poisoning have been nose, eye, and throat
irritation, weakness, nausea, vomiting, dyspnea, cough, restlessness, muscle twitch-
ing, and seizures. Renal injury may induce proteinuria and azotemia.



Confirmation of Poisoning



There are no practical tests for absorbed alkyl oxides, aldehydes, or
phosphine that would be helpful in diagnosis of poisoning.



Carbon disulfide can be measured in urine by gas chromatography, but
the test is not generally available.



Cyanide ion from cyanide itself or acrylonitrile can be measured in
whole blood and urine by an ion-specific electrode or by colorimetry. Symp-
toms of toxicity may appear at blood levels above 0.10 mg per liter.10 Urine
cyanide is usually less than 0.30 mg per liter in nonsmokers, but as much as 0.80
mg per liter in smokers. Thiocyanate, the metabolite of cyanide, can also be
measured in blood and urine. It is elevated at blood levels exceeding 12 mg per
liter.10 Urine thiocyanate is usually less than 4 mg per liter in nonsmokers, but
may be as high as 17 mg per liter in smokers.



Methyl bromide yields inorganic bromide in the body. Methyl bromide
itself has a short half-life and is usually not detectable after 24 hours. The bromide
anion is slowly excreted in the urine (half-life about 10 days), and is the preferred
method of serum measurement.11 The serum from persons having no excep-
tional exposure to bromide usually contains less than 1 mg bromide ion per 100
mL. The possible contributions of medicinal bromides to elevated blood content
and urinary excretion must be considered, but if methyl bromide is the exclusive
source, serum bromide exceeding 6 mg per 100 mL probably means some ab-
sorption, and 15 mg per 100 mL is consistent with symptoms of acute poisoning.
Inorganic bromide is considerably less toxic than methyl bromide; serum con-
centrations in excess of 150 mg per 100 mL occur commonly in persons taking
inorganic bromide medications. In some European countries, blood bromide
concentrations are monitored routinely in workers exposed to methyl bromide.
Blood levels over 3 mg per 100 mL are considered a warning that personal pro-
tective measures must be improved. A bromide concentration over 5 mg per 100
mL requires that the worker be removed from the fumigant-contaminated envi-
ronment until blood concentrations decline to less than 3 mg per 100 mL.



Methylene chloride is converted to carbon monoxide in the body, gener-
ating carboxyhemoglobinemia, which can be measured by clinical laboratories.



Naphthalene is converted mainly to alpha naphthol in the body and promptly
excreted in conjugated form in the urine. Alpha naphthol can be measured by gas
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chromatography. Many halocarbons can be measured in blood by gas chromato-
graphic methods. Some can be measured in the expired air as well.



Paradichlorobenzene is metabolized mainly to 2,5-dichlorophenol, which
is conjugated and excreted in the urine. This product can be measured chro-
matographically.



A serum fluoride concentration of 0.5 mg per liter was measured in one
fatality from sulfuryl fluoride fumigation. Serum fluoride in persons not
exceptionally exposed rarely exceeds 0.1 mg per liter.



 Large industrial concerns sometimes monitor human absorption of
halocarbons by analysis of expired air. Similar technology is available in some
departments of anesthesiology. These analyses are rarely needed to identify the
offending toxicant, because this is known from the exposure history. In managing
difficult cases of poisoning, however, it may be helpful to monitor breath concen-
trations of toxic gas to evaluate disposition of the fumigant. Testing of the urine
for protein and red cells is needed to detect renal injury. Free hemoglobin in
urine most likely reflects hemolysis, as from naphthalene. Elevations of alkaline
phosphatase, lactate dehydrogenase (LDH), serum GGT, ALT, AST, and certain
other enzymes are sensitive indices of insult to liver cells. More severe damage
increases plasma concentrations of bilirubin. The chest x-ray may be used to
confirm the occurrence of pulmonary edema. Electromyography may be useful
in evaluating peripheral nerve injury. Sperm counts may be appropriate for workers
exposed to dibromochloropropane and ethylene dibromide.



Some occupational health agencies now urge periodic neurologic and
neuropsychologic testing of workers heavily exposed to fumigants and solvents
to detect injury to the nervous system as early as possible. This would be par-
ticularly desirable in the case of exposures to such agents as methyl bromide
and carbon disulfide which have well-documented chronic neurotoxic effects.



Treatment



1. Skin decontamination. Flush contaminating fumigants from the skin and
eyes with copious amounts of water or saline for at least 15 minutes. Some
fumigants are corrosive to the cornea and may cause blindness. Specialized
medical treatment should be obtained promptly following decontamination.
Skin contamination may cause blistering and deep chemical burns. Absorption
of some fumigants across the skin may be sufficient to cause systemic poisoning
in the absence of fumigant inhalation. For all these reasons, decontamination of
eyes and skin must be immediate and thorough. See Chapter 2.



2. Physical placement. Remove victims of fumigant inhalation to fresh air
immediately. Even though initial symptoms and signs are mild, keep the victim
quiet, in a semi-reclining position. Minimum physical activity limits the likeli-
hood of pulmonary edema.











FUMIGANTS  •  163



3. Respiration. If victim is not breathing, clear the airway of secretions and
resuscitate with positive pressure oxygen apparatus. If this is not available, use
chest compression to sustain respiration. If victim is pulseless, employ cardiac
resuscitation.



4. Pulmonary edema. If pulmonary edema is evident, there are several mea-
sures available to sustain life. Medical judgment must be relied upon, however,
in the management of each case. The following procedures are generally
recommended:



• Put the victim in a sitting position with a backrest.



• Use intermittent and/or continuous positive pressure oxygen to
relieve hypoxemia. (Do not give oxygen at greater concentrations
or longer periods than necessary, because it may exaggerate the fu-
migant injury to lung tissue. Monitor arterial pO



2
.)



• Slowly administer furosemide, 40 mg, intravenously (0.5-1 mg/kg
in children up to 20 mg), to reduce venous load by inducing diure-
sis. Consult package insert for additional directions and warnings.



Some patients may benefit from careful administration of anxiolytic drugs.
Whenever possible, such patients should be managed by intensivists in an in-
tensive care center. Limit victim’s physical activity for at least 4 weeks. Severe
physical weakness usually indicates persistent pulmonary injury. Serial pulmo-
nary function testing may be useful in assessing recovery.



5. Shock. Combat shock by placing victim in the Trendelenburg position and
administering plasma, whole blood, and/or electrolyte and glucose solutions
intravenously, with great care, to avoid pulmonary edema. Central venous pres-
sure should be monitored continuously. Vasopressor amines must be given with
great caution, because of the irritability of the myocardium.



6. Control convulsions. Seizures are most likely to occur in poisonings by
methyl bromide, hydrogen cyanide, acrylonitrile, phosphine, and carbon disul-
fide. See Chapter 2 for seizure management. In some cases of methyl bromide,
seizures have been refractory to benzodiazepines and diphenylhydantoin, and
the authors resorted to anesthesia using thiopental.11



7. Gastrointestinal decontamination. If a fumigant liquid or solid has been
ingested less than an hour prior to treatment, consider gastric emptying, fol-
lowed by activated charcoal, as suggested in Chapter 2.



8. Fluid balance should be monitored, and urine sediment should be checked
regularly for indications of tubular injury. Measure serum alkaline phosphatase,
LDH, ALT, AST, and bilirubin to assess liver injury.
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9. Extracorporeal hemodialysis may be needed to regulate extracellular
fluid composition if renal failure supervenes. It is probably not very effective in
removing lipophilic fumigant compounds from blood, but it is, of course, effec-
tive in controlling extracellular fluid composition if renal failure occurs.



10. Specific fumigants. Certain specific measures are recommended in poi-
sonings by particular fumigants (carbon disulfide, carbon tetrachloride, naph-
thalene, phosphine gas, and hydrogen cyanide and acrylonitrile):



• Carbon Disulfide: Mild poisonings by carbon disulfide inhalation
may be managed best by no more than careful observation, even
though sensory hallucinations, delirium, and behavioral aberrations
can be alarming. Severe poisonings may require specific measures. If
manic behavior threatens the safety of the victim, diazepam (5-10
mg in adults, 0.2-0.4 mg/kg in children), administered slowly, intra-
venously, may be helpful as a tranquilizer. Give as much as is neces-
sary to achieve sedation. Do not give catecholamine-releasing agents
such as reserpine and amphetamines.



• Carbon Tetrachloride: For carbon tetrachloride poisoning, sev-
eral treatment measures have been suggested to limit the severity of
hepatic necrosis. Hyperbaric oxygen has been used with some suc-
cess.2 Oral administration of N-acetyl cysteine (MucomystR) may
be worthwhile as a means of reducing free radical injury.21 Dilute
the proprietary 20% product 1:4 in a carbonated beverage, and give
about 140 mg/kg body weight of the diluted solution as a loading
dose. Then give 70 mg/kg every 4 hours after the loading dose for a
total of 17 doses. (This dosage schedule is used for acetaminophen
poisonings.) Administration via duodenal tube may be necessary in
a few patients who cannot tolerate Mucomyst.22 Intravenous ad-
ministration of N-acetyl cysteine may be used; more information is
available through poison control centers.



• Naphthalene: Naphthalene toxicosis caused by vapor inhalation
can usually be managed simply by removing the individual to fresh
air. Skin contamination should be removed promptly by washing
with soap and water. Eye contamination should be removed by flush-
ing with copious amounts of clean water. Eye irritation may be
severe, and if it persists, should receive ophthalmalogic attention.



Examine the plasma for evidence of hemolysis: a reddish-brown
tinge, especially in the blood smear for “ghosts” and Heinz bodies. If
present, monitor red blood cell count and hematocrit for anemia,
urine for protein and cells. Measure direct-and indirect-reacting bi-
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lirubin in the plasma. Monitor fluid balance and blood electrolytes.
If possible, monitor urinary excretion of naphthol to assess severity
of poisoning and clinical progress.



If hemolysis is clinically significant, administer intravenous fluids
to accelerate urinary excretion of the naphthol metabolite and pro-
tect the kidney from products of hemolysis. Use Ringer’s lactate or
sodium bicarbonate to keep urine pH above 7.5. Consider the use
of mannitol or furosemide to promote diuresis. If urine flow de-
clines, intravenous infusions must be stopped to prevent fluid over-
load and hemodialysis should be considered.15 If anemia is severe,
blood transfusions may be needed.



• Phosphine Gas: Recent experience in India suggests that therapy
with magnesium sulfate may decrease the likelihood of a fatal out-
come.16,19,23 The mechanism is unclear, but may possibly be due to
the membrane stabilization properties of magnesium in protecting
the heart from fatal arrythmias. In one series of 90 patients, magne-
sium sulfate was found to decrease the mortality from 90% to 52%.16



Two controlled studies have been done, one of which showed a
reduction in mortality from 52% to 22%.23 The other study found
no effect on mortality.24 The dosage for magnesium sulfate is: 3
grams during the first 3 hours as a continous infusion, followed by 6
grams per 24 hours for the next 3 to 5 days.16



• Hydrogen Cyanide and Acrylonitrile: Poisonings by hydrogen
cyanide and acrylonitrile gases or liquids are treated essentially the
same as poisoning by cyanide salts. Because cyanide is so promptly
absorbed following ingestion, treatment should commence with
prompt administration of oxygen and antidotes. Gastrointestinal
decontamination should be considered if the patient presents within
a short interval after ingestion, and only after the above life-saving
treatment has commenced. Ipecac should be avoided due to the
potential for rapid onset of loss of consciousness.



The three antidotes — amyl nitrite, sodium nitrite, and sodium thio-
sulfate — are available as a kit called the Lilly Cyanide Antidote Kit,
available from Eli Lilly and Company, Indianapolis, IN. The dosages
vary between adults and children and are outlined below.
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Dosage of Cyanide Antidotes



Adults:



• Administer oxygen continuously. Hyperbaric oxygen has been evalu-
ated as effective in this condition.25 If respiration fails, maintain pul-
monary ventilation mechanically.



• Administer amyl nitrite ampules by inhalation for 15-30 seconds
of every minute, while a fresh solution of 3% sodium nitrite is being
prepared. This solution is ready prepared in commercial cyanide
antidote kits.



• As soon as solution is available, inject intravenously 10 mL of 3%
sodium nitrite solution over a 5-minute interval, keeping the needle
in place.



Caution: Monitor pulse and blood pressure during administration of amyl
nitrite and sodium nitrite. If systolic blood pressure falls below 80 mm Hg,
slow or stop nitrite administration until blood pressure recovers.



• Follow sodium nitrite injection with an infusion of 50 mL of 25%
aqueous solution of sodium thiosulfate administered over a 10-
minute period. Initial adult dose should not exceed 12.5 g.



• If symptoms persist or recur, treatment by sodium nitrite and so-
dium thiosulfate should be repeated at half the dosages listed above.



• Measure hemoglobin and methemoglobin in blood. If more than
50% of total hemoglobin has been converted to methemoglobin,
blood transfusion or exchange transfusion should be considered, be-
cause conversion back to normal hemoglobin proceeds slowly.



Children:



• Give amyl nitrite, oxygen, and mechanical respiratory support as
recommended for adults. The following dosages of antidotes have
been recommended for children.26



• Children over 25 kg body weight should receive adult dosages of
sodium nitrite and sodium thiosulfate.



• Children less than 25 kg body weight should first have two 3-4 mL
samples of blood drawn and then, through the same needle, receive
0.15-0.33 mL/kg up to 10 mL of the 3% solution of sodium nitrite
injected over a 5-minute interval. Following sodium nitrite, admin-
ister an infusion of 1.65 mL/kg of 25% sodium thiosulfate at a rate
of 3-5 mL per minute.



... continued
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• At this point, determine the hemoglobin content of the pretreat-
ment blood sample. If symptoms and signs of poisoning persist or
return, give supplemental infusions of sodium nitrite and sodium
thiosulfate based on hemoglobin level, as presented in the table. These
recommended quantities are calculated to avoid life-threatening
methemoglobinemia in anemic children. They are aimed at con-
verting approximately 40% of circulating hemoglobin to methemo-
globin. If possible, monitor blood methemoglobin concentrations as
treatment proceeds.



RECOMMENDED DOSAGES OF SUPPLEMENTAL SODIUM
NITRITE AND SODIUM THIOSULFATE BASED ON
HEMOGLOBIN LEVEL



Initial Dose



Hemoglobin Volume of 3% 25% Sodium
Concentration Sodium Nitrite Thiosulfate
g/100 mL mL/kg mL/kg



14.0 0.20 1.00



12.0 0.16 0.83



10.0 0.14 0.68



8.0 0.11 0.55



Although various cobalt salts, chelates, and organic combinations have shown
some promise as antidotes to cyanide, they are not generally available in the
United States. None has been shown to surpass the nitrite-thiosulfate regimen
in effectiveness.
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CHAPTER 17



Rodenticides



A wide variety of materials are used as rodenticides. They pose particular risks for
accidental poisonings for several reasons. First, as agents specifically designed to
kill mammals, often their toxicity is very similar for the target rodents and for
humans. (Warfarin and other anticoagulant rodenticides were initially developed
to overcome this problem by creating compounds that were highly toxic to ro-
dents, particularly after repeated exposures, but much less toxic to humans.) Sec-
ond, since rodents usually share environments with humans and other mammals,
the risk of accidental exposure is an integral part of the placement of baits for the
rodents. Finally, as rodents have developed resistance to existing rodenticides, there
is a continuous need to develop new and potentially more toxic rodenticides. As
rodents have become resistant to warfarin baits, for example, the development of
“superwarfarins” has increased the risk to humans.1,2 It is important to be familiar
with use patterns and development of more toxic compounds and to make every
effort to identify the actual agent used in order to institute the most appropriate
management for these poisonings.



COUMARINS AND INDANDIONES



Toxicology



Warfarin and related compounds (coumarins and indandiones) are the most
commonly ingested rodenticides in the United States, with 13,345 exposures
reported in 1996.3 Gastrointestinal absorption of these toxicants is efficient.
Warfarin can be absorbed across the skin, but this has occurred only under
extraordinary circumstances.



Coumarins and indandiones depress the hepatic synthesis of vitamin K
dependent blood-clotting factors (II (prothrombin), VII, IX, and X). The anti-
prothrombin effect is best known, and is the basis for detection and assessment
of clinical poisoning. The agents also increase permeability of capillaries through-
out the body, predisposing the animal to widespread internal hemorrhage. This
generally occurs in the rodent after several days of warfarin ingestion due to the
long half-lives of the vitamin K dependent clotting factors,1,2 although lethal
hemorrhage may follow smaller doses of the modern, more toxic compounds.1



The lengthened prothrombin time (PT) from a toxic dose of coumarins or
indandiones may be evident within 24 hours, but usually reaches a maximum



HIGHLIGHTS



• Newer “superwarfarins”
are widely available and
toxic at much lower doses
than conventional warfarin



Signs and Symptoms:



• Variable depending on
agent



• Warfarin compounds cause
bleeding



• Pulmonary edema results
from phosphine gas (from
zinc phosphide)



• Cardiovascular, GI, and CNS
effects predominate with
thallium



• Seizures are primary
manifestation of strychnine
and fluoroacetamide



Treatment:



• Specific to agent



• Vitamin K1 (phytonadione)
for warfarin-related
compounds



• Control seizures



• Proceed with
decontamination
concurrently with life-saving
measures



Contraindicated:



• Neither Vitamins K3 nor K4



may be used as a substitute
for Vitamin K1



• Chelating agents are not
effective in thallium
poisoning
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in 36-72 hours.1,4,5 Lengthened PT occurs in response to doses much lower
than that necessary to cause hemorrhage. There is concern that the more toxic
modern compounds, such as brodifacoum and difenacoum, may cause serious
poisoning of nontarget mammals, including humans, at much lower dosage.
Brodifacoum, one of the superwarfarins, is much more toxic, with a dose as low
as 1 mg in an adult or 0.014 mg/kg in a child sufficient to produce toxicity.1



Symptomatic poisoning, with prolonged symptoms due to the long half-
lives of superwarfarins, has been reported even with single exposures; however,
these are usually intentional and are large single dosages.2 Because of their
toxicity in relation to warfarin, patients may require higher dosages of vitamin
K and will require longer monitoring of their PT. One patient required vita-
min K for several months following discharge.6 Another patient was released
from the hospital with significant clinical improvement and only slightly el-
evated coagulation studies after brodifacoum ingestion. Two and a half weeks
later, he presented in a comatose state and was found to have massive intracra-
nial hemorrhage.7



Clinical effects of these agents usually begin several days after ingestion, due
to the long half-life of the factors. Primary manifestations include nosebleeds,
bleeding gums, hematuria, melena, and extensive ecchymoses.1,2,6,7,8 Patients may
also have symptoms of anemia, including fatigue and dyspnea on exertion.8 If the
poisoning is severe, the patient may progress to shock and death.



Unlike the coumarin compounds, some indandiones cause symptoms and
signs of neurologic and cardiopulmonary injury in laboratory rats leading to
death before hemorrhage occurs. These actions may account for the greater
toxicity of indandiones in rodents. Neither neurologic nor cardiopulmonary
manifestations have been reported in human poisonings.



Confirmation of Poisoning



Coumarin or indandione poisoning results in an increase in prothrombin
time, the result of reduced plasma prothrombin concentration. This is a reliable
test for absorption of physiologically significant doses. Detectable reduction in
prothrombin occurs within 24-48 hours of ingestion and persists for 1-3 weeks.1,4,5



The manufacturers can often measure blood levels of the more toxic coumarins.8



Treatment



1. Determine quantity ingested. If it is certain that the patient ingested no
more than a mouthful or two of warfarin- or indandione-treated bait, or a
single swallow or less of bait treated with the more toxic brodifacoum or
bromadiolone compounds, medical treatment is probably unnecessary.



Commercial Products



COUMARINS



brodifacoum
Havoc
Klerat
Ratak Plus
Talon
Volid



bromadiolone
Bromone,
Contrac
Maki



coumachlor
Famarin



coumatetralyl
Racumin



difenacoum
Frunax-DS
Ratak



warfarin
Co-Rax
coumafene
Cov-R-Tox
Kypfarin
Liqua-Tox
RAX
Tox-Hid
zoocoumarin



INDANDIONES



chlorophacinone
Caid
Liphadione
Microzul
Ramucide
Ratomet
Raviac
Rozol
Topitox



diphacinone
diphacin
Ditrac
Ramik
Tomcat



pivalyn*
pindone
pival
pivaldione



*Discontinued in the U.S.
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2. Vitamin K
1
. A patient presenting within 24 hours after ingestion will likely



have a normal PT. However, in a study of 110 children who were poisoned by
superwarfarins, primarily brodifacoum, a child’s PT was significantly more likely
to be prolonged at 48 hours after having a normal PT at 24 hours.5 Therefore, for
suicidal ingestions with large amounts taken, if there is uncertainty about the
amount of bait ingested or the general health of the patient, phytonadione (vita-
min Kl) given orally protects against the anticoagulant effect of these rodenti-
cides, with essentially no risk to the patient. In accidental ingestions with healthy
children involving only a taste or single swallow, no medical treatment is re-
quired, but children should be observed for bleeding and bruising. If a larger
amount may have been ingested, PT should be monitored at 24 and 48 hours,
with phytonadione therapy initiated for elevated PT or clinical signs of bleeding.



Caution: Phytonadione, specifically, is required. Neither vitamin K3 (me-
nadione, HykinoneR) nor vitamin K4 (menadiol) is an antidote for these anti-
coagulants.



Dosage of Phytonadione (oral):



• Adults and children over 12 years: 15-25 mg.



• Children under 12 years: 5-10 mg.



Alternatively, a colloidal preparation of phytonadione,  AquamephytonR,
may be given intramuscularly. For adults and children over 12 years,
give 5-10 mg; for children under 12, give 1-5 mg.



Ensure that patients (especially children) are carefully observed for
at least 4-5 days after ingestion. The indandiones and some of the more
recently introduced coumarins may have other toxic effects.



3. Gastrointestinal decontamination. If  large amounts of anticoagulant
have been ingested within several hours prior to treatment, consider gastric
decontamination procedures as outlined Chapter 2.



4. Determine prothrombin time. If anticoagulant has been ingested any
time in the preceding 15 days, determination of the PT provides a basis for
judging the severity of poisoning. Patients who ingest large amounts, particu-
larly of the superwarfarin compounds, will likely have a very prolonged period
of decreased prothrombin activity. Patients may need to be treated for as long as
3 or 4 months.6,7



If the prothrombin time is significantly lengthened, give AquamephytonR



intramuscularly. See next page for dosage.
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Dosage of AquamephytonR (intramuscular):



• Adults and children over 12 years: 5-10 mg.



• Children under 12 years: 1-5 mg.



Decide dose within these ranges according to the degree of prothrom-
bin time lengthening and, in children, the age and weight of the child.
Substantially higher doses of phytonadione (50 to 125 mg) have been
required in some poisonings with brodifacoum when bleeding and PT
elevation persisted despite therapy.6,7,9



Repeat prothrombin time in 24 hours. If it has not decreased from
the original value, repeat AquamephytonR dosage.



5. Bleeding. If victim is bleeding as a result of anticoagulant poisoning, ad-
minister AquamephytonR intravenously: up to 10 mg in adults and children
over 12 years, and up to 5 mg in children under 12 years. Initial dosage should
be decided chiefly on the basis of the severity of bleeding. Subsequent dosages
may need to be adjusted based on response, especially in the case of the
superwarfarins.6,7,9 Repeat intravenous AquamephytonR in 24 hours if bleeding
continues. Inject at rates not exceeding 5% of the total dose per minute. Intra-
venous infusion of the AquamephytonR diluted in saline or glucose solution is
recommended. Bleeding is usually controlled in 3-6 hours.



Caution: Adverse reactions, some fatal, have occurred from intravenous
phytonadione injections, even when recommended dosage limits and injection
rates were observed. For this reason, the intravenous route should be used only
in cases of severe poisoning. Flushing, dizziness, hypotension, dyspnea, and cy-
anosis have characterized adverse reactions.



Antidotal therapy in cases of severe bleeding should be supplemented with
transfusion of fresh blood or plasma. Use of fresh blood or plasma represents the
most rapidly effective method of stopping hemorrhage due to these anticoagu-
lants, but the effect may not endure. Therefore, the transfusions should be given
along with phytonadione therapy.



Determine PT and hemoglobin concentrations every 6-12 hours to assess
effectiveness of antihemorrhagic measures. When normal blood coagulation is
restored, it may be advisable to drain large hematomata.



Ferrous sulfate therapy may be appropriate in the recuperative period to
rebuild lost erythrocyte mass.
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INORGANIC RODENTICIDES



Toxicology



Thallium sulfate is well absorbed from the gut and across the skin. It
exhibits a very large volume of distribution (tissue uptake) and is distributed
chiefly to the kidney and liver, both of which participate in thallium excretion.
Most blood-borne thallium is in the red cells. Elimination half-life from blood
in the adult human is about 1.9 days. Most authors report the LD50 in humans
to be between 10 and 15 mg/kg.10



Unlike other inorganic rodenticides like yellow phosphorus and zinc phos-
phide, thallium poisoning tends to have a more insidious onset with a wide
variety of toxic manifestations. Alopecia is a fairly consistent feature of thallium
poisoning that is often helpful diagnostically; however, it occurs two weeks or
more after poisoning and is not helpful early in the presentation.10,11 In addi-
tion to hair loss, the gastrointestinal system, central nervous system, cardiovas-
cular system, renal system, and skin are prominently affected by toxic intakes.



Early symptoms include abdominal pain, nausea, vomiting, bloody diar-
rhea, stomatitis, and salivation. Ileus may appear later on. Elevated liver enzymes
may occur, indicating tissue damage. Other patients experience signs of central
nervous system toxicity including headache, lethargy, muscle weakness,
paresthesias, tremor, ptosis, and ataxia. These usually occur several days to more
than a week after exposure.10,12 Extremely painful paraesthesias, either in the
presence or absence of gastrointestinal signs, may be the primary presenting
complaint.11,13 Myoclonic movements, convulsions, delirium, and coma reflect
more severe neurologic involvement. Fever is a bad prognostic indication of
brain damage.



Cardiovascular effects include early hypotension, due at least in part to a
toxic myocardiopathy. Ventricular arrythmias may occur. Hypertension occurs
later and is probably a result of vasoconstriction. The urine may show protein
and red cells. Patients may also develop alveolar edema and hyaline membrane
formation in the lungs, consistent with a diagnosis of Acute Respiratory Dis-
tress Syndrome.14 Death from thallium poisoning may be caused by respiratory
paralysis or cardiovascular collapse. Absorption of nonlethal doses of thallium
has caused protracted painful neuropathies and paresis, optic nerve atrophy,
persistent ataxia, dementia, seizures, and coma.11



Yellow phosphorus (also known as white phosphorus) is a corrosive agent
and damages all tissues it comes in contact with, including skin and the gut
lining. Initial symptoms usually reflect mucosal injury and occur a few minutes
to 24 hours following ingestion. The first symptoms include severe vomiting
and burning pain in the throat, chest, and abdomen. The emesis may be bloody
(either red, brown, or black)15 and on occasion may have a garlic smell.16,17 In
some cases, central nervous system signs such as lethargy, restlessness, and irrita-



Commercial Products



INORGANICS
thallium sulfate
yellow phosphorus
zinc phosphide



Phosvin
Ridall-Zinc
Zinc-Tox



Yellow phosphorus is not sold
in the United States. Zinc
phosphide is still registered in
the United States, and can be
found in U.S. retail stores.
Thallium sulfate is no longer
registered for pesticidal use,
but is used by government
agencies only.
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bility are the earliest symptoms, followed by symptoms of gastrointestinal in-
jury. Shock and cardiopulmonary arrest leading to death may occur early in
severe ingestions.17



If the patient survives, a relatively symptom-free period of a few hours or
days may occur, although this is not always the case.15 The third stage of toxicity
then ensues with systemic signs indicating severe injury to the liver, myocar-
dium, and brain. This is due to phosphine gas (PH3) formed in and absorbed
from the gut. Nausea and vomiting recur. Hemorrhage occurs at various sites
reflecting a depression of clotting factor synthesis in the damaged liver. Also,
thrombocytopenia may contribute. Hepatomegaly and jaundice appear. Hypo-
volemic shock and toxic myocarditis may develop. Brain injury is manifested by
convulsions, delirium, and coma. Anuric renal failure commonly develops due
to shock and to the toxic effects of phosphorus products and accumulating
bilirubin on renal tubules. The mortality rate of phosphorus poisonings may be
as high as 50 percent.15



Zinc phosphide is much less corrosive to skin and mucous membranes
than yellow phosphorus, but inhalation of dust may induce pulmonary edema.
The emetic effect of zinc released in the gut may provide a measure of protection;
however, phosphine will be produced in the gut and absorbed along with the
zinc. Nausea and vomiting, excitement, chills, chest tightness, dyspnea, and cough
may progress to pulmonary edema. Patients face many of the same systemic tox-
icities as encountered with yellow phosphorus, including hepatic failure with
jaundice and hemorrhage, delirium, convulsions, and coma (from toxic encepha-
lopathy), tetany from hypocalcemia, and anuria from renal tubular damage. Ven-
tricular arrythmias from cardiomyopathy and shock also occur and are another
common cause of death.16,18 Inhalation of phosphine gas from improper use of
phosphide rodenticides has resulted in pulmonary edema, myocardial injury, and
multisystem involvement.19 For more information about the effects of phosphine
gas poisoning, see the section on phosphine in Chapter 16, Fumigants.



Confirmation of Poisoning



Phosphorus and phosphides sometimes impart a foul rotten fish odor
to vomitus, feces, and sometimes the breath. Luminescence of vomitus or feces
is an occasional feature of phosphorus ingestion. Hyperphosphatemia and hy-
pocalcemia occur in some cases, but are not consistent findings.



Thallium can be measured in the serum, urine, and hair. Hair analysis is
likely to be useful only in establishing protracted prior absorption. Serum con-
centration does not exceed 30 mcg per liter in non-exposed persons. The most
reliable method for diagnosis is considered a 24-hour urine excretion. The
normal value is less than 10 mcg/liter per 24 hours.10,13
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Treatment: Thallium Sulfate



1. Gastrointestinal decontamination. If thallium sulfate was swallowed less
than an hour prior to treatment, consider gastrointestinal decontamination as
outlined in Chapter 2. Multiple doses of activated charcoal may be helpful in
increasing thallium elimination.13



2. Electrolyte and glucose solutions should be given by intravenous infu-
sion to support urinary excretion of thallium by diuresis. Monitor fluid balance
carefully to insure that fluid overload does not occur. If shock develops, give
whole blood, plasma, or plasma expanders. Pressor amines must be used very
carefully in light of myocardial injury. Monitor ECG for arrhythmias.



3. Convulsions. Control seizures and myoclonic jerking as outlined in Chap-
ter 2.



4. Combined hemodialysis and hemoperfusion has proven moderately
effective in reducing the body burden of thallium in victims of severe poison-
ing. In one case, peritoneal dialysis was not effective.



5. Chelation therapy. Several methods for chelating and/or accelerating dis-
position of thallium have been tested and found either relatively ineffective or
hazardous. Chelating agents are not recommended in thallium poisoning. Po-
tassium chloride has been recommended. However it has been reported to
increase toxicity to the brain,11,14 and has not shown to increase elimination in
some cases.20



6. Potassium ferric ferrocyanide (Prussian Blue) orally enhances fecal
excretion of thallium by exchange of potassium for thallium in the gut. It is not
available or approved for use in humans in the United States. Reports of its use
in humans are anecdotal and do not strongly support its use.



Treatment: Yellow Phosphorus and Zinc Phosphide



1. Skin decontamination. Brush or scrape non-adherent phosphorus from
the skin. Wash skin burns with copious amounts of water. Make sure all par-
ticles of phosphorus have been removed. If burned area is infected, cover with
an antimicrobial creme. See Chapter 2.



2. Supportive management. Poisonings by ingested yellow phosphorus or
zinc phosphide are extremely difficult to manage. Treatment is basically sup-
portive and symptomatic. Control of airway and convulsions must be estab-
lished prior to considering gastrointestinal decontamination as described in
Chapter 2.
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Caution: Highly toxic phosphine gas may evolve from emesis, lavage fluid,
and feces of victims of these poisons. The patient’s room should be well venti-
lated. Persons attending the patient must wear gloves to avoid contact with the
phosphorus.



3. Lavage with 1:5000 potassium permanganate solution has been used in the
management of ingested phosphorus compounds in the past; however, there is
not sufficient evidence for its efficacy and we do not recommend it.



4. Catharsis is probably not indicated, but there may be some benefit in ad-
ministering mineral oil. Dosage is 100 mL for adults and children over 12 years,
and 1.5 mL/kg body weight in children under 12 years. Do not give vegetable
oils or fats.



5. Transfusions. Combat shock and acidosis with transfusions of whole blood
and appropriate intravenous fluids. Monitor fluid balance and central venous
pressure to avoid fluid overload. Monitor blood electrolytes, glucose, and pH to
guide choice of intravenous solutions. Administer 100% oxygen by mask or
nasal tube.



6. Oxygen. Combat pulmonary edema with intermittent or continuous posi-
tive pressure oxygen.



7. Renal protection. Monitor urine albumin, glucose, and sediment to detect
early renal injury. Extracorporeal hemodialysis will be required if acute renal
failure occurs, but it does not enhance excretion of phosphorus. Monitor ECG
to detect myocardial impairment.



8. Liver damage. Monitor serum alkaline phosphatase, LDH, ALT, AST, pro-
thrombin time, and bilirubin to evaluate liver damage. Administer
AquamephytonR (vitamin K1) if prothrombin level declines.



9. Pain management. Morphine sulphate may be necessary to control pain.
Adult dose: 2-15 mg IM/IV/SC Q 2-6 hours prn. Child’s dose: 0.1-0.2 mg/
kg/dose Q 2-4 hours.



10. Phosphine gas. For specific therapy due to phosphine gas, refer to the
treatment of phosphine poisoning in Chapter 16, Fumigants.
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CONVULSANTS



Toxicology



Crimidine is a synthetic chlorinated pyrimidine compound that, in adequate
dosage, causes violent convulsions similar to those produced by strychnine.



Sodium fluoroacetate and fluoroacetamide are readily absorbed by
the gut, but only to a limited extent across skin. The toxic mechanism is distinct
from that of fluoride salts. Three molecules of fluoroacetate or fluoroacetamide
are combined in the liver to form a molecule of fluorocitrate, which poisons
critical enzymes of the tricarboxylic acid (Krebs) cycle, blocking cellular
respiration. The heart, brain, and kidneys are the organs most prominently a
ffected. The effect on the heart is to cause arrhythmias, progressing to ventri-
cular fibrillation, which is a common cause of death. Metabolic acidosis, shock,
electrolyte imbalance, and respiratory distress are all poor prognostic signs.
Neurotoxicity is expressed as violent tonic-clonic convulsions, spasms, and
rigor, sometimes not occurring for hours after ingestion.21



Strychnine is a natural toxin (nux vomica) which causes violent convul-
sions by direct excitatory action on the cells of the central nervous system,
chiefly the spinal cord. Death is caused by convulsive interference with pulmo-
nary function, by depression of respiratory center activity, or both. Strychnine
is detoxified in the liver. Residence half-life is about 10 hours in humans. On-
set of symptoms is usually within 15-20 minutes of ingestion. Lethal dose in
adults is reported to be between 50 and 100 mg, although as little as 15 mg can
kill a child.22



Confirmation of Poisoning



There are no generally available tests to confirm poisoning by the convul-
sant rodenticides.



Treatment: Sodium Fluoroacetate and Fluoroacetamide



Poisonings by these compounds have occurred almost entirely as a result of
accidental and suicidal ingestions. If the poison was ingested shortly before
treatment and convulsions have not yet occurred, the first step in treatment is
to remove the toxicant from the gut. If the victim is already convulsing, how-
ever, it is necessary first to control the seizures before gastric lavage and cathar-
sis are undertaken.



1. Control seizures as outlined in Chapter 2. Seizure activity from these
compounds may be so severe that doses necessary for seizure control may para-
lyze respiration. For this reason, it is best to intubate the trachea as early as



Commercial Products



CONVULSANTS



crimidine
Castrix



fluoroacetamide*
Compound 1081



sodium fluoroacetate
Compound 1080



strychnine



* Discontinued in the U.S.



Only specially trained
personnel are allowed to use
strychnine. Crimidine and
sodium fluoroacetate are no
longer registered for use as
pesticides.
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possible in the course of seizure control, and support pulmonary ventilation
mechanically. This has the added advantage of protecting the airway from aspi-
ration of regurgitated gastric contents.



2. Gastrointestinal decontamination. If the patient is seen within an hour
of exposure and is not convulsing, consider gastrointestinal decontamination as
outlined in Chapter 2.



3. Administer intravenous fluids cautiously to support excretion of ab-
sorbed toxicant. It is especially important to avoid fluid overload in the pres-
ence of a weak and irritable myocardium.



4. Monitor electocardiogram for arrhythmias and, if detected, treat with an
appropriate antiarrhythmic drug. Facilities for electroshock cardioversion should
be at hand. Some victims of fluoroacetate poisoning have been rescued after
repeated cardioversions.



5. Calcium gluconate (10% solution) given slowly intravenously should be
given to relieve hypocalcemia. Care must be taken to avoid extravasation.



Dosage of Calcium Gluconate:
Supplied as 100 mg/mL (10% solution)



• Adults and children over 12 years: 10 mL of 10% solution, given slowly,
intravenously. Repeat as necessary.



• Children under 12 years: 200-500 mg/kg/24 hr divided Q6 hr. For
cardiac arrest, 100 mg/kg/dose. Repeat dosage as needed.



6. Other therapies. Antidotal efficacy of glycerol monacetate and ethanol,
observed in animals, has not been substantiated in humans. These therapies are
not recommended in humans.



Treatment: Strychnine or Crimidine



Strychnine and crimidine cause violent convulsions shortly following in-
gestion of toxic doses. Both poisons are probably well adsorbed onto charcoal.
If the patient is seen fully conscious and not convulsing a few moments after
the ingestion, great benefit may derive from the immediate ingestion of acti-
vated charcoal. If the patient is already obtunded or convulsing, the involuntary
motor activity must be controlled before steps are taken to empty the gut and
limit toxicant absorption.
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1. Control seizures as outlined in Chapter 2.



2. Gastrointestinal decontamination. Consider gastrointestinal decontami-
nation if patient is seen within an hour of ingestion.



3. Administer intravenous fluids to support excretion of absorbed toxi-
cants. Inclusion of sodium bicarbonate in the infusion fluid counteracts meta-
bolic acidosis generated by convulsions. Effectiveness of hemodialysis and
hemoperfusion has not been tested.



MISCELLANEOUS RODENTICIDES:
RED SQUILL AND CHOLECALCIFEROL



Toxicology



Red squill is a little-used rodenticide, consisting of the inner portions of a
small cabbage plant grown in eastern Mediterranean countries. Its toxic prop-
erties have been known since ancient times and are probably due to cardiac
glycosides. For several reasons, mammals other than rodents are unlikely to be
poisoned: (1) red squill is intensely nauseant, so that animals which vomit (ro-
dents do not) are unlikely to retain the poison; (2) the glycoside is not effi-
ciently absorbed from the gut; and (3) absorbed glycoside is rapidly excreted.
Injection of the glycosides leads to effects typical of digitalis: alterations in
cardiac impulse conduction and arrhythmias.



Cholecalciferol is the activated form of vitamin D (vitamin D3). Its toxic
effect is probably a combination of actions on liver, kidney, and possibly the
myocardium, the last two toxicities being the result of hypercalcemia. Early symp-
toms and signs of vitamin D-induced hypercalcemia in humans are fatigue, weak-
ness, headache, and nausea. Polyuria, polydipsia, proteinuria, and azotemia result
from acute renal tubular injury by hypercalcemia. This is commonly the cause of
death. Prolonged hypercalcemia results ultimately in nephrolithiasis and nephro-
calcinosis. Azotemia occurs as renal tubular damage progresses.



Confirmation of Poisoning



Cholecalciferol intoxication is indicated by an elevated concentration of
calcium (chiefly the unbound fraction) in the serum. There are no generally
available tests for the other rodenticides or their biotransformation products.



Commercial Products



MISCELLANEOUS



cholecalciferol
Muritan
Quintox
Rampage



red squill*
Dethdiet
Rodine



* Discontinued in the U.S.
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Treatment: Red Squill



Red squill is unlikely to cause poisoning unless ingested at substantial dos-
age. The problem is usually self-correcting due to its intense emetic effect. If,
for some reason, the squill is retained, syrup of ipecac, followed by 1-2 glasses of
water, should be administered to initiate vomiting. Monitor cardiac status elec-
trocardiographically.



Treatment: Cholecalciferol



Cholecalciferol at high dosage may cause severe poisoning and death.
Human poisonings from its use as a rodenticide have not been reported, but
vitamin D overdosage has occurred under clinical circumstances. Treatment is
directed at limiting gastrointestinal absorption, accelerating excretion, and
counteracting the hypercalcemic effect.



1. Gastrointestinal decontamination. If cholecalciferol has been ingested
within an hour prior to treatment, consider gastric decontamination, as out-
lined in Chapter 2. Repeated administration of charcoal at half or more the
initial dosage every 2-4 hours may be beneficial.



2. Administer intravenous fluids (normal saline or 5% glucose) at moderate
rates to support excretory mechanisms and excretion. Monitor fluid balance to
avoid overload, and measure serum electrolytes periodically. Measure total and
ionized calcium levels in the blood 24 hours after cholecalciferol ingestion to
determine severity of toxic effect. Monitor urine for protein, and red and white
cells to assess renal injury.



3. Furosemide (Lasix), 20-40 mg intravenously, or 40-120 mg daily by mouth
may be given to promote diuresis. Dosage for children under 12 is approximately
0.5-1.0 mg/kg body weight intravenously, 1.0-2.0 mg/kg body weight orally.
Monitor serum potassium after dosage; give potassium chloride if hypokalemia
occurs. Consult package insert for additional directions and warnings.



4. Predinisone and similar glucocorticoids reduce elevated blood calcium
levels in certain diseases. Although they have not been tested in cholecalciferol
overdosage, it is possible that they would be beneficial. Dosage is approximately
1 mg per kilogram per day, to a maximum of 20 mg per day.



5. Calcitonin (salmon calcitonin, CalcimarR) is a logical antidote for cholecal-
ciferol actions, but has only very limited use in human poisoning.23 In other
conditions, the usual dosage is 4 International Units per kg body weight every
12 hours, by intramuscular or subcutaneous injection, continued for 2-5 days.
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The dose may be doubled if calcium-lowering effect is not sufficient. Calcium
gluconate for intravenous injection should be immediately available if indica-
tions of hypocalcemia (carpopedal spasm, cardiac arrhythmias) appear. Consult
package insert for additional directions and warnings.



6. Cholestryamine appears effective in the treatment of vitamin D toxicity in
animals.24 It has seen very limited use in humans.25,26
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CHAPTER 18



Miscellaneous Pesticides,
Solvents, and Adjuvants



There are a variety of pesticides that do not fall into the broad categories
described in other chapters in this manual. Many of them are widely used and
are therefore associated with a high probability of human exposure. Some have
significant toxicity as well as a likelihood of human exposure, and are of real
concern. Many of the solvents and adjuvants used in the formulation of pesti-
cides also present a high likelihood of human exposure. Such exposures can
result in significant toxic effects that in many cases exceed the toxicity of the
active pesticide ingredient(s). Furthermore, it is sometimes more difficult to
obtain information about the solvents and adjuvants, complicating the issues of
diagnosis and management.



4-AMINOPYRIDINE



Toxicology



4-Aminopyridine is a highly toxic white powder used as a bird repellent. It
works by making one or two birds acutely ill, thus warning off the remaining
birds by cries of distress. It is toxic to all vertebrates.1 It is usually added to grain
baits in 0.5%-3.0% concentration, but 25% and 50% concentrates in powdered
sugar are available. Recent human exposure has come from its use as an inves-
tigational drug in the treatment of multiple sclerosis.2,3 It is rapidly absorbed by
the gut, less effectively across skin. The chief mechanism of toxicity is enhance-
ment of cholinergic transmission in the nervous system through the release of
acetylcholine both centrally and peripherally. Due to enhanced transmission at
neuromuscular junctions, severe muscle spasms may be a prominent manifesta-
tion of toxicity.2 4-Aminopyridine is rapidly metabolized and excreted.



No human poisonings have occurred as a result of ordinary use, but the
effects of ingestion of about 60 mg each by two adults have been reported.
Both experienced immediate abdominal discomfort, nausea and vomiting,
weakness, dizziness, and profuse diaphoresis, and one went on to develop a
tonic-clonic seizure and required ventilatory support. Acidosis was present in
both cases.1 Dizziness, giddiness, and gait disturbances are common, and sei-
zures may be severe, although recovery with supportive therapy and ventilatory
support has been the usual outcome.1,2,3



HIGHLIGHTS



• Physicians may need to
actively seek information
from producers regarding
exact makeup of “inert
ingredients”



Signs and Symptoms:



• Highly variable based on
agent



• Many are irritants and
corrosives



• Creosote (phenolic
compounds) give a smoky
color to urine



• Methemoglobinemia may
occur with sodium
chlorate and creosote
poisoning



• Sodium chlorate also
causes renal injury,
arrhythmia, shock, and
DIC



• Pneumonitis occurs with
hydrocarbon aspiration



Treatment:



• Skin, eye, and GI
decontamination



• Supportive care and
seizure control



• Methylene blue for
methemoglobinemia
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Treatment



1. Skin decontamination. If skin or eye contamination has occurred, thor-
ough washing of the skin or eyes is indicated. See Chapter 2.



2. Gastrointestinal decontamination. If the patient is seen within an hour
of ingestion of a significant quantity of this compound, gastrointestinal decon-
tamination should be considered, as outlined in Chapter 2. If treatment is de-
layed, immediate oral administration of charcoal and sorbitol may represent
reasonable management.



3. Seizures may require anticonvulsant medication. See Chapter 2 for dosages.



4. Muscular spasms. Neuromuscular blockade with drugs such as d-
tubocuarine, metocurine and pancuronium bromide have been used sucessfully
to relieve the muscular spasms that occur with this agent. Such therapy must be
provided in an intensive care setting.1



5. Dehydration should be treated with intravenous fluids if oral fluids cannot
be retained.



CALCIUM CYANAMIDE



This synthetic compound is marketed as granules containing 44% calcium
cyanamide, yielding 19.5% nitrogen. It is incorporated into soil to serve as
fertilizer, fungicide, and herbicide. In contact with water, hydrogen cyanamide
is released. Acidic conditions accelerate this reaction. Hydrogen cyanamide is a
solid with considerable vapor pressure. It has toxic properties totally different
from those of cyanide, and it does not degrade to cyanide.



Toxicology



Calcium cyanamide is only moderately irritating to skin, but hydrogen
cyanamide is severely irritating and caustic to skin and the inhaled gas is strongly
irritating to mucous membranes.4 Dermal and mucosal lesions in the mouth,
tongue, and upper esophagus have occurred after exposure. No systemic symp-
toms from dermal exposure have been reported.5 Systemic poisonings have
followed inhalation of hydrogen cyanamide and ingestion of the salt. Manifes-
tations of poisoning include flushing, headache, vertigo, dyspnea, tachycardia,
and hypotension, sometimes progressing to shock.4 Because cyanamide is an
inhibitor of acetaldehyde dehydrogenase, ingestion of alcohol exaggerates the
symptoms. (A citrated form of cyanamide has been used in place of Antabuse in
alcohol aversion therapy.)



Commercial Products



MISCELLANEOUS PESTICIDES



4-Aminopyridine
Avitrol



calcium cyanamide*
Cyanamide
nitrolime



creosote
endothall



Accelerate
Aquathol
Des-i-cate
Endothall Turf Herbicide
Herbicide 273
Hydrothol



metaldehyde
Antimilace
Cekumeta
Halizan
Metason
Namekil
others



sodium chlorate
Defol
De-Fol-Ate
Drop-Leaf
Fall
KM
Kusatol
Leafex



SYNERGISTS



piperonyl butoxide



SOLVENTS & ADJUVANTS



anticaking agents
dusts
emulsifiers
granular formations
penetrants
petroleum distillants



isopropanol
methanol
toluene
xylene



safeners
stickers and spreaders



*Discontinued in the U.S.
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Treatment



1. Skin decontamination. Skin contamination with either the calcium salt
or the free form should be removed by washing with soap and water. Flush eyes
with copious amounts of clean water. If skin or eye irritation persists, medical
attention should be obtained promptly. See Chapter 2.



2. Gastrointestinal decontamination. If large doses have been ingested within
an hour of exposure, gastrointestinal decontamination should be considered. If
dosage was small or treatment is delayed, oral administration of activated charcoal
and sorbitol probably represents reasonable management. See Chapter 2 for doses.



3. Hypotension or Antabuse-type reactions should be treated by placing
the patient in the Trendelenburg position, giving intravenous fluids, including
plasma or blood, if needed, and, if necessary, vasopressor drugs parenterally.



4. Atropine is not antidotal.



CREOSOTE



Creosote is obtained by distillation of the tar formed by heating wood or
coal in the absence of oxygen. It is purified by extraction into oils. Creosote
from wood consists mainly of guaiacol (methoxy phenol) and cresol (methyl
phenol). Coal-derived creosote contains, in addition, some phenol, pyridine,
and pyridinol. Creosote is extensively used as a wood preservative, usually by
high-pressure impregnation of lumber. It has also been used as an animal dip
and disinfectant. Much of human exposure is in the form of various phenol
compounds.



Creosote is irritating to skin, eyes, and mucous membranes. Workers in
contact with technical creosote or with treated timbers sometimes develop
skin irritation, vesicular or papular eruptions, dermal pigmentation, and
occasionally gangrene and skin cancer.6 Photosensitization has been reported.
Eye contamination has resulted in conjunctivitis and keratitis, sometimes resulting
in corneal scarring. The constituents of creosote are efficiently absorbed across
the skin, but systemic poisonings following dermal absorption have occurred
very rarely. Absorption of ingested creosote from the gut occurs promptly, and
there may be significant absorption of vapor by the lung. Conjugates of absorbed
phenolic constituents are excreted mainly in the urine. Acute toxic effects are
similar to those of lysol, but the corrosive nature of creosote is somewhat less
because of greater dilution of phenol in the creosote.7 Irritation of the
gastrointestinal tract, toxic encephalopathy, and renal tubular injury are the
principal effects. A chronic toxicosis from continuing gastrointestinal absorption
(creosote used medicinally) has been described, consisting of gastroenteritis
and visual disturbances.
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Manifestations of acute systemic poisoning are salivation, vomiting, dyspnea,
headache, dizziness, loss of pupillary reflexes, cyanosis, hypothermia, convulsions,
and coma. Death is due to multi-organ system failure as patients develop shock,
acidosis, respiratory depression, and anuric renal failure.



Confirmation of Poisoning



The presence of phenolic oxidation products imparts a dark, smoky color
to the urine.7 If there is suspicion of poisoning, addition of a few drops of ferric
chloride solution to the urine yields a violet or blue color, indicating the pres-
ence of phenolic compounds.



Treatment



1. Skin decontamination. Stringent measures should be taken to avoid con-
tamination of skin or eyes and inhalation of vapor. Skin contamination should
be promptly washed off with soap and water. Remove eye contamination by
washing with copious amounts of water, then obtain specialized medical atten-
tion promptly because corneal injury may be severe. See Chapter 2.



2. Gastrointestinal decontamination. If a significant amount of creosote has
been ingested and the patient is alert and able to swallow, immediately administer
a slurry of activated charcoal by mouth. Further efforts to limit absorption will
depend on whether there has been corrosive injury to the esophagus. If pharyn-
geal redness and swelling are evident, neither induced emesis nor gastric lavage is
advisable due to potential re-exposure of the esophagus to the creosote, or perfo-
ration of the esophagus from a gastric tube. For further information on gastric
decontamination, including charcoal dosing, see Chapter 2.



3. Maintain pulmonary ventilation mechanically with oxygen, if necessary.



4. Blood and urine samples. Draw a blood sample to test for methemoglo-
binemia, to measure BUN and blood electrolytes, and to check for signs of liver
injury (bilirubin, GGT, LDH, ALT, AST, and alkaline phosphatase). Examine
the urine for protein and cells, and for “smoky” phenolic excretion products.



5. Intravenous fluids. Give fluids intravenously to correct dehydration and
electrolyte disturbances. Include glucose to protect the liver and bicarbonate to
relieve metabolic acidosis, as necessary. Monitor fluid balance carefully to signal
discontinuation of intravenous fluids if renal failure occurs. Plasma or blood
transfusion may be needed to overcome shock.



6. Monitor ECG to detect arrhythmias and/or conduction defects that may
appear as manifestations of a toxic myocardiopathy.
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7. Convulsions. Anticonvulsants may be needed to control seizures as out-
lined in Chapter 2.



8. Hemodialysis is not effective in accelerating disposition of phenol (or,
presumably, creosote), but hemoperfusion over charcoal probably is effective.8



This should be considered in severe creosote poisonings.



9. Methemoglobinemia is rarely severe, but intravenous administration of 1%
methylene blue may be considered if 25-30% of hemoglobin is converted. Dose
is 0.1 mL of 1% solution per kg body weight, given over no less than 10 minutes.
Nausea, dizziness, and a transient increase in blood pressure may occur.



ENDOTHALL



As the free acid or as sodium, potassium, or amine salts, endothall is used as
a contact herbicide, defoliant, aquatic herbicide, and algacide. It is formulated in
aqueous solutions and granules at various strengths.



Toxicology



Endothall is irritating to the skin, eyes, and mucous membranes. It is well
absorbed across abraded skin and from the gastrointestinal tract. Recognized
systemic toxic mechanisms in mammals are: corrosive effects on the gastrointes-
tinal tract (particularly from high concentrations of the free acid); cardiomy-
opathy and vascular injury leading to shock; and central nervous system injury,
causing convulsions and respiratory depression. A single case has been reported
of lethal poisoning in a previously healthy 21-year-old man who died after
ingestion of 7-8 grams of endothall. In this patient, hemorrhage and edema
were noted in the gastrointestinal tract and lungs.9 There are no standards for
levels, and they are not considered useful in management.



Treatment



1. Skin decontamination. Wash endothall from the skin with soap and water.
Flush contamination from the eyes with copious amounts of clean water. Ob-
tain medical attention if irritation of skin or eyes persists. See Chapter 2.



2. Gastrointestinal decontamination. If a large quantity has been ingested, the
patient is seen within an hour of exposure, and is fully alert and not convulsing,
gastrointestinal decontamination should be considered as outlined in Chapter 2.
Lavage is usually contraindicated due to the corrosive nature of this agent.
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3. Intubation. If there are indications of corrosive effects in the pharynx,
gastric intubation should not be attempted because of the risk of esophageal
perforation. Treatment procedures appropriate for ingestions of corrosives (strong
acids and alkalis) may be necessary. Referral should be made to a surgeon or
gastroenterologist for consideration of endoscopy.



4. Oxygen should be given by mask. If respiratory drive is weak, pulmonary
ventilation may have to be supported mechanically.



5. Monitor blood pressure closely. Infusions of plasma, blood, other volume
expanders, and pressors may be needed to combat shock.



6. Administer intravenous fluids to correct dehydration, stabilize electro-
lytes, provide sugar, and support mechanisms for toxicant disposition. Give va-
soactive amines very carefully in light of possible myocardiopathy.



7. Convulsions. Seizures may require administration of diazepam and/or other
anticonvulsants.



8. Hemodialysis. It is not known whether hemodialysis or hemoperfusion
would be effective in removing endothall from the blood. This option should
be considered if the patient’s condition deteriorates despite supportive care.



METALDEHYDE



Toxicology



Metaldehyde is a four-unit cyclic polymer of acetaldehyde which has long
been used to kill slugs and snails, which are attracted to it without the use of
bait. Occasional poisonings of animals and children have resulted from inges-
tion of pellets intended as molluscicide, but tablets designed as a combustible
fuel (“meta-fuel”) have also been responsible for human poisonings.10 Another
form of exposure is “snow storm tablets,” which the user places at the end of a
lighted cigarette to create snow. Toxicity occurs through inhalation of
metaldehyde fumes.11 The biochemical mechanism of poisoning is not known.
Both acetaldehyde and metaldehyde produced similar effects in dogs; however,
acetaldehyde was not detected in the plasma or urine of the metaldehyde-
poisoned dogs.12



Ingestion of a toxic dose is often followed shortly by nausea and vomiting.
The other primary features of toxicity are pyrexia, generalized seizures, and
mental status changes, sometimes leading to coma.10,13 Other signs and symp-
toms that may occur include hypersalivation, facial flushing, dizziness, tachyp-
nea, and acidosis.10,11 Pneumonitis has followed inhalational exposure to
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metaldehyde.11 While most cases are dramatic with significant seizures and coma,
fatal events are infrequent.10,13 Poisoned animals show tremors, ataxia, hyperes-
thesia, salivation, ataxia, and seizures.12 Autopsy findings in fatal human poison-
ings indicate severe damage to liver cells and renal tubular epithelium.



Confirmation of Poisoning



Metaldehyde can be measured in the blood and urine, although there are
very few reports of levels among poisoned humans. One patient who had se-
vere tonic clonic seizures and was comatose had a metaldehyde level in the
serum of 125 mg/L with a half-life of 27 hours. This patient did not have
detectable acetaldehyde in the serum.13



Treatment



1. Gastrointestinal decontamination. If ingestion occurred within an hour
of treatment, consider gastrointestinal decontamination as outlined in Chapter 2.
Activated charcoal may well be useful against metaldehyde.



2. Convulsions. If seizures occur, sedative anticonvulsants must be adminis-
tered. See Chapter 2 for dosage.



3. Supportive treatment. Appropriate supportive treatment including intra-
venous fluids containing saline and glucose should be given. Sodium bicarbon-
ate may be considered in the event of severe metabolic acidosis. Fluid balance
and electrolytes must be monitored carefully to avoid fluid overload if renal
failure supervenes.



4. Renal failure. There is no specific antidote for metaldehyde poisoning.
Hemodialysis is probably not effective in removing metaldehyde, but must be
instituted if renal failure occurs. The effectiveness of hemoperfusion has not
been tested.



5. Liver function tests and urine sediment examination should be done to
assess liver and kidney injury in poisoned patients.



SODIUM CHLORATE



Sodium chlorate is used in agriculture as a defoliant, nonselective contact
herbicide, and semipermanent soil sterilant. Because of its explosive nature, it
must be formulated with water-soluble fire retardant material, such as sodium
metaborate, soda ash, magnesium chloride, or urea. It is usually applied in water
solution.
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Toxicology



Sodium chlorate is irritating to skin, eyes, and mucous membranes of the
upper respiratory tract.14 Dermal absorption is slight. Even though gastrointes-
tinal absorption is also inefficient, severe (sometimes fatal) poisoning follows
ingestion of a toxic dose, estimated at about 20 grams in the adult human.
Excretion is chiefly in the urine. The principal mechanisms of toxicity are
hemolysis, methemoglobin formation, cardiac arrhythmia (partly secondary to
hyperkalemia), and renal tubular injury.14,15



The irritant action on the gut causes nausea, vomiting, and abdominal pain.
Once absorbed, hemoglobin is rapidly oxidized to methemoglobin, and intravas-
cular hemolysis occurs.14 Cyanosis is prominent if methemoglobinemia is severe
and may be the only presenting sign.15 Acute tubular necrosis and hemoglobin-
uria may result from the hemolysis or direct toxic injury. Plasma and urine are
dark brown from the presence of free hemoglobin and methemoglobin.14,15,16



Release of potassium from red cell destruction results in hyperkalemia which
may be severe enough to cause life-threatening arrythmias.16 The liver and spleen
are often enlarged due to uptake of hemolyzed erythrocytes.15 Hypoxemia may
lead to convulsions. Death may be the result of shock, tissue hypoxia, renal failure,
hyperkalemia, or disseminated intravascular coagulation (DIC).14,15,16



Confirmation of Poisoning



There are no widely available tests specifically for chlorate. Dark brown
staining of the plasma and urine indicates the action of a strong oxidizing agent
on hemoglobin. See Chapter 2.



Treatment



1. Skin decontamination. Skin contamination should be removed immedi-
ately by washing with soap and water. Medical attention should be sought if
irritation persists. Flush contamination from eyes with copious amounts of clean
water, then obtain specialized medical attention promptly, because irritant ac-
tion may be severe. See Chapter 2.



2. Gastrointestinal decontamination. If sodium chlorate has been ingested
within an hour prior to treatment, consider gastrointestinal decontamination as
outlined in Chapter 2.



3. Oxygen. If respiration is depressed, ventilatory support may be necessary.



4. Sodium thiosulfate has been recommended as an antidote against absorbed
sodium chlorate. Thiosulfate is thought to inactivate the chlorate ion to form the
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less toxic chloride ion. It can be given orally or as an IV infusion over 60-90
minutes. The dose is 2-5 g dissolved in 200 mL of 5% sodium bicarbonate.14



5. Monitor blood pressure, fluid balance, blood electrolytes, BUN, methemo-
globin, and bilirubin, as well as urine protein, cells and free hemoglobin con-
tent, and ECG. Widening of the QRS complex and prolongation of the PR
interval indicate hyperkalemic cardiac toxicity.



6. Milk may be helpful in relieving the pain of gastric irritation.



7. Administer intravenous fluids to sustain chlorate excretion. Maintain
urine pH in the alkaline range by adding sodium bicarbonate to the infusion
fluid. Monitor urine production closely, so that intravenous fluids can be slowed
or discontinued if renal failure occurs. Blood transfusion may be needed if
hemolysis and methemoglobinemia are severe. Exchange transfusion has been
recommended to enhance clearance and treat DIC.16



8. Hemodialysis may be life-saving in severe poisoning. It is effective in re-
moving chlorate from the blood, provides a means to control hyperkalemia,
and makes possible the control of extracellular fluid volume and composition
while renal function remains impaired.



9. Methemoglobinemia. Administration of methylene blue to reverse meth-
emoglobinemia may be considered if as much as 25-30% of hemoglobin is
converted. Give intravenously 0.1 mL/kg body weight of a 1% solution over a
period of at least 10 minutes. An increase in blood pressure, nausea, and dizzi-
ness may occur, but these effects are usually transient. As the use of this agent in
chlorate poisoning has not proven beneficial in the past, it is still advisable to
proceed to exchange transfusion as stated in #7.



SYNERGISTS:
PIPERONYL BUTOXIDE



Synergists are chemical agents included in pesticide products to enhance
the killing power of the active ingredients. The widely-used insecticide syner-
gist, piperonyl butoxide, acts by inhibiting the enzymatic degradation of pyre-
thrins, rotenone, N-methyl carbamates, and possibly some other insecticides.
There is limited dermal absorption on contact. Inherent toxicity in mammals is
low. Large absorbed doses may theoretically enhance the toxic hazard of the
rapidly metabolized insecticides used today, although inhibition of human drug-
metabolizing enzymes by these agents has not actually been demonstrated. Their
presence in pesticide products to which humans are exposed does not change
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the basic approach to management of poisoning, except that some possibility of
enhanced toxicity of the active insecticidal ingredients should be kept in mind.



SOLVENTS AND ADJUVANTS



Liquid materials in which pesticides are dissolved and the solids on which
they are adsorbed (sometimes called carriers or vehicles) are selected by pro-
ducers to achieve stability of the active ingredient, convenience in handling
and application, and maximum killing power following application. Often, the
particular solvents and adjuvants selected by pesticide manufacturers are re-
sponsible for giving their commercial products a competitive edge. For this
reason, their inclusion in marketed products is usually proprietary information,
not available to the general public except in emergencies. If a poisoning emer-
gency exists, pesticide companies will usually cooperate in supplying physicians
with information needed to provide treatment. Some companies will put the
inert ingredients on the Material Safety Data Sheet (MSDS). The physician
should seek this information to assist in evaluating all possible exposures. A
direct request to the producer is the quickest way to secure this information.
Physicians may also contact EPA directly for this information (tel: 703-305-
7090) if needed for proper management of a case.



Petroleum distillates are the most commonly used solvents for lipo-
philic pesticides. Most insecticides are lipophilic. The distillates are mixtures of
aliphatic and aromatic hydrocarbons and have low boiling points.



Sometimes specific hydrocarbons, such as toluene or xylene (strongly
odiferous), are added to stabilize the solution of insecticide or make it more
emulsifiable. Hydrocarbon-dissolved pesticides are usually diluted for applica-
tion by adding measured amounts of water to form emulsions. Some chlori-
nated hydrocarbons may be present in particular technical mixtures. A strong
odor lingering after application of a structural pest control spray is often due to
the solvent rather than the active ingredient.



Less lipophilic active ingredients are sometimes dissolved in mixtures of
alcohols, glycols, ethers, or various chlorinated solvents. It is possible that these
enhance the dermal absorbability of some pesticides. Some solvents, such as
methanol and isopropanol, may represent a significant toxic hazard if swallowed
in sufficient dosage.



Granular formulations utilize various clay materials which adsorb pesti-
cide, retain it in more or less stable form until application, then desorb the
material slowly into treated soil. There is some significant desorption when
granules are in contact with human skin and very substantial desorption into
gastrointestinal secretions if granules are swallowed. The clay materials them-
selves are not a toxic hazard.



Dusts are infrequently used today. Various forms of talc (silicatecarbonate
particles) have been used in the past to adsorb pesticides for application to
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foliage. Particle sizes are such that these dusts are usually trapped in the upper
respiratory mucous when inhaled. When the mucous is swallowed, the particles
desorb pesticide into gastrointestinal secretions. Dust formulations may, there-
fore, release enough of some pesticides to cause systemic poisonings.



Stickers and spreaders (film extenders) are organic substances added to
formulations to disperse pesticide over treated foliage surfaces and enhance
adhesion. The availability and persistence of residue on the leaf surfaces is thereby
increased. Substances used include proteinaceous materials (milk products, wheat
flour, blood albumin, gelatin), oils, gums, resins, clays, polyoxyethylene glycols,
terpenes, and other viscid organics. Some also include sulfated alcohols, fatty
acid esters, and alkyl and petroleum sulfonates. For persons exposed in the
course of formulation or application of pesticides, these adjuvants probably add
little or no toxic hazard to that inherent in the active pesticidal ingredients.



Emulsifiers serve to stabilize water-oil emulsions formed when water is
added to technical hydrocarbon concentrates. Chemically, they resemble deter-
gents (one part of the molecule lipophilic, the other hydrophilic). Long-chain
alkyl sulfonate ethers of polyethylene glycol and polyoxyethylene oleate are
exemplary emulsifiers. They have low inherent mammalian toxicity, and their
presence probably has little effect on the overall toxicity of formulated products
which include them.



Penetrants facilitate the transfer of herbicide from foliage surface to the
interior tissues. Some are lipids while others are detergent (surfactant) in na-
ture. Substances used include heavy petroleum oils and distillates, polyol fatty
acid esters, polyethoxylated fatty acid esters, aryl alkyl polyoxyethylene glycols,
alkyl amine acetate, alkyl aryl sulfonates, polyhydric alcohols, and alkyl phos-
phates. Some of these are eye and skin irritants, and may account for the irritant
effects of particular herbicide formulations whose active ingredients do not
have this property.



Safeners are substances added to mixtures of fertilizers with pesticides (com-
monly herbicides) to limit the formation of undesirable reaction products. Some
substances used are alcohol sulfates, sodium alkyl butane diamate, polyesters of
sodium thiobutane dioate, and benzene acetonitrile derivatives. Some are mod-
erately irritating to the skin and eyes. Systemic toxicities are generally low.



Anticaking agents are added to granular and dust formulations to facili-
tate application by preventing cakes and clumps. Among several products used
are the sodium salt of mono- and di-methyl naphthalene sulfonate, and diato-
maceous earth. Diatomaceous earth has little adverse effect except a drying
action on the skin. Methyl naphthalenes are said to be skin irritants and photo-
sensitizers; whether their derivatives have this effect is not known.











194  •  MISCELLANEOUS



Treatment



Petroleum distillates are mineral hydrocarbons which undergo limited ab-
sorption across the gut. In general, clinical toxicologists do not recommend in-
duced emesis or gastric lavage in treating ingestions of these materials, because of
the serious risk of hydrocarbon pneumonitis if even tiny amounts of the liquid
are aspirated into the lung. However, this injunction against emptying the stom-
ach may be set aside when the petroleum distillate is a vehicle for toxic pesticides
in significant concentration. In such cases, if the patient is seen within one hour
of exposure, gastrointestinal decontamination should be considered.



Rapid respiration, cyanosis, tachycardia, and low-grade fever are the usual
indications of frank hydrocarbon pneumonitis. Patients with presumed hydrocar-
bon pneumonitis, who are symptomatic, should usually be hospitalized, prefer-
ably in an intensive care setting. If the patient has pulmonary symptoms, a chest
x-ray should be taken to detect or confirm signs of pneumonitis. In addition, the
urine should be examined for protein, sugar, acetone, casts, and cells, and an ECG
should be examined for arrhythmias and conduction defects. Mechanically as-
sisted pulmonary ventilation with 100% oxygen may be required. Hydrocarbon
pneumonitis is sometimes fatal, and survivors may require several weeks for full
recovery. In milder cases, clinical improvement usually occurs within several days,
although radiographic findings will remain abnormal for longer periods.17



The presence of chlorinated solvents in some formulations may add sig-
nificantly to the toxic hazard, particularly if the product is ingested. Certain
adjuvants are irritants to skin, eyes, and mucous membranes, and may account
for the irritant properties of some products whose active ingredients do not
have this effect. With these exceptions, however, the presence of adjuvants in
most finished pesticide products probably does not enhance or reduce systemic
mammalian toxicity to any great extent.
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HIGHLIGHTS



• Compounds are registered
for medical or medicinal use
rather than as pesticides



• Several are among the most
frequently reported human
poisonings in the U.S.



• Iodine is well absorbed
through abraded or burned
skin



Signs and Symptoms:



• Highly variable based on
agent



• Many are irritants and
corrosives



• Iodine causes neurological
symptoms, shock, renal
failure, and hyperkalemia



• Pine oil can cause aspiration
pneumonia



Treatment:



Follow general principles of
decontamination and
supportive care



Contraindicated:



• Gastric emptying and
decontamination
procedures are
contraindicated in
poisonings due to corrosive
agents and pine oil



CHAPTER 19



Disinfectants



A wide variety of disinfectant agents are used to destroy microorganisms and
they differ greatly in their toxic effects. Most disinfectants can conveniently be
grouped into a few categories, some of which are also represented in other
classes of pesticides. Many of these materials are not registered as pesticides, but
are registered for medical or medicinal use. This chapter reviews a few of the
more common or more severely toxic disinfectants.



ALCOHOLS



Alcohols have a long history of use as disinfectants. Often disinfectants are
mixtures, usually of ethanol and isopropyl alcohol (isopropanol). The alcohol
most commonly used in households as a disinfectant is isopropyl alcohol, com-
monly marketed as a 70% solution. It is a clear, colorless liquid with an odor
similar to ethanol.



Toxicology of Isopropyl Alcohol



Isopropyl alcohol is well and rapidly absorbed from the gastrointestinal tract.
It is also well absorbed by skin and by inhalation. It is considered to be more toxic
to the central nervous system than ethanol, with similar effects. Both ingestion
and inhalation at high concentrations can result in the rapid onset of CNS
depression with subsequent coma and death. Apnea commonly accompanies
this CNS depression.1,2 Similar neurological toxicity has been reported with
excessive topical exposure to the umbilicus of a neonate.3 Irritation of the
gastrointestinal tract results in gastritis and severe vomiting. Isopropyl alcohol may
also produce mild hepatic injury with acute exposures. Acute tubular necrosis has
been reported with this agent,1 but the renal toxicity is not as great as with
methanol poisonings. Ketosis without metabolic acidosis but prominent hypogly-
cemia is common.2,3 This ketosis is the result of direct metabolism of this
compound to acetone.1,3 Monitoring of isopropyl levels is useful, when available.
In addition, blood levels of acetone and glucose should be determined to aid
in management.
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Confirmation of Poisoning



Isopropyl alcohol can be measured in the blood and urine. Serum acetone
can also be measured. Blood isopropyl alcohol levels of 128-200 mg/dL have
been associated with death.



Treatment: Isopropyl Alcohol



1. Gastrointestinal decontamination. Since the onset of coma is often rapid
with this poisoning, induced emesis is contraindicated, though spontaneous
vomiting often occurs. If the patient has ingested a large amount, has not vom-
ited, and is seen within one hour of exposure, consideration should be given to
gastric emptying by lavage as outlined in Chapter 2.



Isopropyl alcohol is well adsorbed to charcoal, so activated charcoal should
probably be administered, as outlined in Chapter 2.



2. Supportive care for hypotension and respiratory depression is critical to
survival and should be administered whenever possible in an intensive care
setting.



3. If hypoglycemia occurs, glucose administration is indicated in order to
maintain normoglycemia.



4. Hemodialysis has been reported to be beneficial in patients with severe
poisoning unresponsive to standard supportive therapy.1,4



ALDEHYDES



The two aldehydes most commonly used as disinfectants are formaldehyde
and glutaraldehyde. Formaldehyde is discussed in Chapter 17, Fumigants. Glu-
taraldehyde is very similar to formaldehyde in its toxicity and treatment, al-
though it is probably slightly less toxic. Glutaraldehyde is commonly prepared
as an aqueous solution at a 2% concentration, and is slightly alkaline in this
solution. It has been reported to cause respiratory irritation, resulting in rhini-
tis5,6 and occupational asthma.6,7,8 It has also resulted rarely in palpitations and
tachycardia in human subjects. At high dosage, given orally, it results in gas-
trointestinal irritation with diarrhea, which may be hemorrhagic. Due to the
irritant effects of glutaraldehyde, the wearing of personal protective equipment
is required for the protection of skin (29 CFR 1910.132), and eyes (29 CFR
1910.133). OSHA standards require the use of appropriate respirators by em-
ployees that may be exposed to glutaraldehyde during routine or emergency
work procedures (29 CFR 1910.134).



Commercial Products



ALCOHOLS
Isopropyl alcohol



ALDEHYDES
formaldehyde
glutaraldehyde



CATIONIC DETERGENTS
benzalkonium chloride
cetrimide
cetylpyridium chloride



CHLORHEXIDINE
Hibiclens
Hibistat
Peridex



HYPOCHLORITES
calcium hypochlorite
sodium hypochlorite



IODINES
povidone-iodine



Betadine
Ioprep
Pharmadine



MERCURIALS
mercurobutol
mercurochrome
merthiolate
nitromersol
phenylmercuric acetate
phenylmercuric nitrate
thimerosol



PHENOLS
2-benzyl-4-chlorophenol
cresol



Lysol
hexachlorophene



Bilevon
Dermaadex
Exofene
Gamophen
Phisohex
Surgi-Cen
Surofene
Texosan



o-phenylphenol
phenol
4-tert-amylphenol
thymol
triclosan



PINE OIL
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Treatment: Glutaraldehyde



1. Gastrointestinal decontamination. If a large amount has been ingested
and retained, and the patient is seen within one hour of exposure, consider
gastric emptying as described in Chapter 2. Administration of activated char-
coal should be considered, as described in Chapter 2.



2. Oxygen. If patient has been in an area with strong odor of glutaraldehyde
due to vaporization, remove to fresh air area and administer oxygen as needed.



3. Skin decontamination. If skin irritation is noted, vigorous skin decon-
tamination is indicated. However, systemic toxicity from skin exposure appears
unlikely.



CATIONIC DETERGENTS



Several cationic detergents are used as disinfectants. All share the capacity,
in sufficient concentration, to behave as caustic agents, capable of causing rather
severe, caustic burns. It appears that concentrations greater than approximately
7.5% are necessary to produce significant caustic injuries. However, experience
with human exposures to these compounds is very limited. The three agents
most commonly used as detergent disinfectants are benzalkonium chloride,
cetrimide, and cetylpyridium chloride.



Though there are no cetrimide preparations available in the U.S., several
are available in European Union countries. Concentrated solutions are usually
only available in industrial settings, such as production of consumer products,
or for use in hospitals for disinfectant purposes. Therefore, acute poisonings are
uncommon.



Toxicology



In low-concentration solutions, these agents have been reported to cause
eye discomfort as well as skin rashes and irritation. In stronger concentrations,
they can cause severe corneal and skin burns. Likewise, strong concentrations
will result in caustic burns to lips, oral mucosa, esophagus, and stomach.9,10



Vomiting, diarrhea, and abdominal pain have been reported.11 Necrosis of the
gut, with peritonitis, has also been reported.12 In severe exposures, there are also
reports of CNS depression, liver injury, and pulmonary edema.9,11



Treatment



1. Skin decontamination. If a high-concentration solution has been applied
to skin, aggressive skin contamination and treatment of burns is appropriate. If
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a high concentration solution is in contact with the eyes, profuse washing of
the eyes is indicated followed by a careful exam of the corneas. If burns have
occurred, appropriate ophthalmologic care should be provided.



2. Gastrointestinal decontamination. Gastric emptying and other methods
of gastrointestinal decontamination are contraindicated in these poisonings.
Some experts recommend cautious dilution with small amounts of milk or
water.9,13 Acidic solutions such as juices should never be offered for dilution.



3. Endoscopy. If a highly concentrated solution was ingested or oral burns are
noted, the patient needs urgent endoscopy for grading of the caustic injury. The
endoscopy should be performed within 24 hours to minimize the risk of per-
foration from the procedure.12 A competent surgeon or gastroenterologist should
provide subsequent care.



4. Other agents. Although corticosteroids are commonly used to treat these
burns, their use remains controversial. Use of other agents, such as H2 antago-
nists and sulcralfate, has been reported but remains controversial at this time.



5. CNS, pulmonary and other systemic effects should be treated symptom-
atically, consistent with sound medical practice.



CHLORHEXIDINE



Chlorhexidine is a cationic biguanide, available in concentrations up to 4%
as a topical agent used as a skin cleanser and mouthwash. Skin preparations of
0.5%-4% are marketed under the trade names HibiclensR and HibistatR. It is
also marketed as a mouthwash in a 0.12% solution under the trade name PeridexR.
There is very little human experience with poisonings, as these concentrations
do not appear to be significantly toxic.



Toxicology



Chlorhexidine is poorly absorbed from skin or the gastrointestinal tract.
Therefore most effects noted have been primarily local. If a low concentration
solution is ingested or applied to the skin, mild local irritation can be seen.
Contact dermatitis, urticaria, and anaphylaxis have followed repeated skin ex-
posures to this agent.14,15 Corneal injuries have been described in several cases
after inadvertent exposure of the eyes to the 4% concentration. These injuries
have resulted in permanent corneal scarring.16 Esophageal burns have been
reported in a single case after ingestion of a large quantity of a 20% solution of
this agent.17 Ulcerative colitis has been described after an enema of the 4%
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solution mixed with tap water (10 mL in 2 liters water).18 Liver toxicity can
occur with large exposures.17



Treatment



1. Gastrointestinal decontamination. If ingestion of a large quantity has
occurred within an hour and the patient has not vomited, gastrointestinal de-
contamination as described in Chapter 2 should be considered. If a highly
concentrated solution has been ingested, manage as a caustic ingestion as de-
scribed in the cationic detergents, without gastrointestinal decontamination.



2. Liver injury panel should be performed with large ingestions.



3. Eye decontamination. If eye exposure has occurred, the eyes should be
vigorously irrigated and a careful ophthalmologic exam should be performed
for corneal injury. If an injury has occurred, an ophthalmologic consultation
should be obtained.



HYPOCHLORITES



Hypochlorites are implicated in a large proportion of the disinfectant
poisonings reported to poison control centers in the United States. Most are
solutions of sodium or calcium hypochlorite solutions. Chloramine, a disin-
fectant used by many municipal water supplies, is an infrequent cause of acute
poisonings. Sodium and calcium hypochlorite solutions are of relatively low
toxicity. They are mildly corrosive to the eyes,19 and mucous membrane burns
have been reported.20 Significant poisonings are very infrequent with these
agents in solution.21



When hypochlorite solutions are mixed with acids or ammonia solutions,
chlorine or chloramine gas is produced, resulting in an irritant with pulmonary
toxicity. Many brief exposures have led to transient symptoms requiring lim-
ited emergency department management.22 However, in cases of prolonged
exposure or exposure to high concentrations, there is the potential for severe
toxic pneumonitis.23 While severe injury may be the exception to the rule,
great efforts should be made to discourage mixing of these materials with acid
or ammonia.



Treatment



1.  Gastric decontamination. After oral exposures, gastric emptying is not
indicated. If a granular material is ingested, and the patient has symptomatic
mucosal burns, referral to a surgeon or gastroenterologist for consideration of
endoscopy and management may be appropriate.
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2.  Dilution with water or milk not to exceed approximately 15 mL/kg in a
child or 120-240 mL in an adult is probably appropriate if vomiting has not
occurred. Administration of acids is contraindicated, due to the risk or increas-
ing generation of chlorine gas.



3.  Eye decontamination. If eyes were exposed, they should be irrigated
profusely with water or saline. If corneal burns are detected, referral to an
ophthalmologist is appropriate.



4.  Skin decontamination. Skin exposure should also be managed by copi-
ous water dilutions. See Chapter 2.



5.  Fresh air.  If exposure to vapors or chlorine or chloramine gas has occurred,
patient should immediately be moved to fresh air. If symptoms occur or persist,
oxygenation should be assessed and oxygen should be administered as needed.  If
persistent symptoms occur, a chest film should be obtained and hospital care
considered. Intensive care may need to be provided in severe inhalations.



IODINE



The most common iodine-containing disinfectant is povidone-iodine
(proviodine), in 7.5-10% solutions. Povidone-iodine is described as an iodophor,
which is a complex of iodine and polyvinylpyrrolidone, a solubilizing agent. It
is intended to liberate free iodine in solution for its effect. Although reported
concentrations of iodine in these solutions is only 80-120 ugm/dL, the total
available iodine is approximately 10% of the povidone-iodine. Therefore a 10%
solution will have in the range of 1% total available iodine.



Toxicology of Povidone-Iodine



This compound is very poorly absorbed from the gastrointestinal tract, due
to the rapid conversion of free iodine to iodide in the stomach.  Although
highly concentrated iodine solutions or iodine salts are corrosive to the gas-
trointestinal tract,24 solutions of povidone-iodine have little caustic potential.
Likewise, the compound is poorly absorbed from intact skin. All symptomatic
poisonings reported have occurred either after repeated exposure to burned
skin, or following irrigation of wounds, joints, or serosal surfaces such as the
mediastinum.25-28 The one exception was an infant who received an enema of
povidone-iodine in a polyethylene glycol solution, followed by whole bowel
irrigation with polyethylene glycol mixed with povidone-iodine. This child
died with severe hyperglycemia and very high iodine levels.24



In povidone-iodine exposures by these routes, the primary symptoms ini-
tially appear to be neurological, with headache, dizziness, delirium, hallucina-
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tions, and seizures.26 Hypotension, arrythmias, cyanosis, metabolic acidosis, shock,
and acute renal failure occur in severe cases.25,27,28 Hepatic injury, manifested by
elevated serum transaminase levels, has also been reported with very high level
exposures.27 Hyperkalemia has occurred, and the serum chloride may be falsely
elevated due to the presence of a second halide.25



Treatment: Povidone-Iodine



1. Skin decontamination. Remove skin contamination by vigorous washing
with soap and water. See Chapter 2.



2. Gastrointestinal decontamination. If the patient is seen soon after a very
large ingestion, and vomiting has not occurred, consider gastrointestinal de-
contamination, as outlined in Chapter 2. Consider single dose charcoal.



3. Iodine clearance is apparently enhanced by procedures that enhance chlo-
ride excretion. Therefore, osmotic or choluretic diuresis is probably indicated
in these poisonings, if symptomatic.



4. Seizures. Treat seizures with anticonvulsants, as outlined in Chapter 2.



5. Monitor thyroid function following recovery to confirm euthyroid state.



MERCURIALS



A wide variety of organic mercurials have been used as disinfectants and as
preservatives. Nearly all uses have been banned in the United States.  The tox-
icity and treatment of exposure to these compounds is described in detail in
Chapter 15, Fungicides, under organomercury compounds and will not be
repeated here.



PHENOLS



Several phenols are used as disinfectants. Cresol and thymol are alkyl de-
rivatives of phenol, while hexachlorophene and triclosan are chlorinated phenols.
Common commercial preparations are LysolR, a 50% solution of mixed cresols
in soap, and hexachlorophene, marketed under several trade names in soap bars
and some cosmetics. Cresols and hexachlorophene are discussed individually as
examples of these compounds that are familiar and for which there are some
human data.
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Toxicology of Cresols



Cresols, in common with phenol and other phenolic compounds, are highly
corrosive to all surfaces. With ingestion of concentrated forms they cause severe
corrosive injury to the mouth and upper gastrointestinal tract. Likewise, severe
eye and skin caustic injuries can occur with cresol exposure.29 Symptoms usu-
ally include nausea, vomiting, and diarrhea. Hypotension, myocardial failure,
pulmonary edema, and neurological changes may also occur.30 Liver and renal
toxicity, methemoglobinemia, and hemolysis have all been reported.30,31 After
long-term, repeated exposure, contact dermatitis may complicate these expo-
sures. These compounds are well absorbed from the gastrointestinal tract and
are also significantly absorbed from the skin and by inhalation.



Treatment: Cresols



1. Gastrointestinal decontamination. Due to the corrosive nature of these
compounds, gastrointestinal decontamination should not be attempted. Con-
sideration of dilution with milk or water is appropriate if vomiting has not
occurred.



2. Endoscopy. If a corrosive injury has occurred with burns to the mouth, or
if there is a clear history of gastrointestinal exposure, endoscopy should be
considered and a gastroenterologist or surgeon should be consulted for diagno-
sis and management.



3. Skin decontamination. If skin or eye contamination has occurred, copi-
ous irrigation should be performed. This should be followed by a careful eye
examination for corneal burns. If corneal burns are noted, ophthalmologic
consultation should be obtained.



4. Respiratory and circulatory support should be provided in accordance
with sound medical management. If severe systemic symptoms persist, the pa-
tient should be treated in an intensive care unit, if possible.



Toxicology of Hexachlorophene



Hexachlorophene is well absorbed orally and dermally. Dermal exposures
have led to severe toxicity and death in neonates, due to application to dam-
aged skin, or repeated or high-concentration skin exposures.32 Hexachlorophene
should never be used as a disinfectant on open wounds or abraded or inflamed
skin surfaces. In distinction to other phenolic compounds, this agent is not
significantly caustic and exposure does not result in the severe caustic injuries
seen with other phenolic chemicals.
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Hexachlorophene is a potent neurotoxicant. It causes brain edema and
spongy degeneration of white matter.33 This neurotoxicity can be seen after
acute or chronic exposures, either by skin absorption or ingestion. The nervous
system symptoms are complex. Lethargy is an early manifestation, followed by
muscular weakness, muscular fasciculation, irritability, cerebral edema, and pa-
ralysis, leading to coma and death. Seizures commonly occur in more severe
cases.32,34 Blindness and optic atrophy have been reported following exposure
to hexachlorophene.35



In addition to the neurological effects, common early symptoms of poison-
ing are vomiting, diarrhea, and anorexia.34 These findings have been accompa-
nied in animals by significant hepatotoxicity.36 With skin exposure, an erythema-
tous desquamative rash is often noted at the site of exposure.34 With chronic
exposure, contact dermatitis may be noted. In severe poisonings, cardiovascular
symptoms, including hypotension and bradycardia, have been noted.37 In a single
case, repeated exposure to this compound led to asthma in a pediatric nurse.38



Treatment: Hexachlorophene



1. Gastrointestinal decontamination. Since this agent is not generally caustic,
consideration should be given to aggressive gastrointestinal decontamination. If
the patient has ingested a significant amount and is seen within one hour of
exposure, gastric emptying is likely to be useful, as described in Chapter 2.



Since hexachlorophene is thought to have an enterohepatic recirculation, it
is possible that repeated dosing of activated charcoal, as outlined in Chapter 2,
will enhance clearance of this compound. However, hexachlorophene does not
bind well to charcoal and there are no clinical trials of this therapy for this agent.



2. Other therapies. Though this compound is quite toxic systemically and
enhanced clearance methods would appear beneficial, there is no evidence to
support the efficacy of hemodialysis, peritoneal dialysis, hemoperfusion, or ex-
change transfusion.37



3. Skin decontamination. If exposure has occurred through the skin, aggres-
sive washing of skin with soap or detergent and water is probably beneficial, to
remove any residues still on the skin. Since hexachlorophene is not soluble in
water, water washing alone will provide no significant benefit. See Chapter 2.



4. Neurological support and control of seizures is critical to survival and
should be performed, when possible, in an intensive care setting. Seizure con-
trol should be in accordance with recommendations in Chapter 2.



5. Cardiovascular and respiratory support are also very important to suc-
cess in treating severe poisonings with this agent and should be provided in an
intensive care unit in accordance with accepted medical practice.
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PINE OIL



Pine oil detergent and disinfectant solutions are among the most common
poisonings reported to poison control centers in the U.S.  A relatively high
number of these are reported as serious or fatal. Pine oil is found in a variety of
household and commercial cleaners and disinfectants.  It is a mixture of mono-
terpenes derived from the distillation of wood from various pine species, with
approximately 57% being alpha-pinene.39  Its most common side effects in smaller
dosage are irritation of mucous membranes, gastrointestinal irritation, mild res-
piratory and CNS depression, and renal toxicity.  Larger ingestions can result in
severe respiratory distress, cardiovascular collapse, and severe CNS effects.  Re-
nal failure and myoglobinuria have also been reported in severe poisonings.40



Since even small ingestions can result in severe aspiration pneumonia, all
ingestions should be considered potentially hazardous.



While many of the reported effects of poisoning with this agent are related
to direct irritant effect on mucous membranes, gastrointestinal tract, and lung
(by aspiration), some reports suggest significant absorption from oral and rectal
exposures. Other reports suggest a lesser rate of absorption.39  While alpha-
terpineol can be measured in blood, there are no data relating levels to degree
of toxicity.  Consequently, this measure is not considered useful in guiding
diagnosis and management.



Treatment



1.  Gastrointestinal decontamination.  Since there is a high risk of aspira-
tion pneumonia, induced emesis is usually considered contraindicated in these
poisonings.  However, spontaneous emesis may occur due to direct irritation of
the gastric mucosa.



If the patient is seen within an hour of ingestion and a large amount has
been ingested, gastric emptying by intubation and lavage may be considered, as
described in Chapter 2. However, some studies have suggested greater rates of
complications with lavage than with ipecac-induced emesis.40



There is no evidence that activated charcoal is helpful in these poisonings.
Likewise, though a variety of enhanced elimination methods have been pro-
posed and tried, there is no evidence to support their efficacy.



2.  Eye decontamination.  If eye exposure has occurred, copious irrigation
of the eyes is appropriate.



3.  Pulmonary symptoms.  The patient should be observed for at least six
hours with any significant ingestion in order to observe the onset of any symp-
toms, particularly pulmonary symptoms. If any pulmonary symptoms are ob-
served, the patient should have a chest film and measurement of oxygenation,
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and hospitalization is appropriate. With severe pulmonary symptoms, transfer
to an intensive care unit is usually appropriate. With severe aspiration, manage-
ment should be handled as in any severe aspiration pneumonia, in accordance
with accepted medical practice.  Other severe systemic effects should be treated
in accordance with accepted medical practice.
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Index of Signs and Symptoms



Presented in this chapter are lists of pesticides reported to have caused particu-
lar symptoms and signs, or combinations thereof, in poisoned individuals. The
lists may help direct the attention of health professionals to possible toxic causes
of the various disease manifestations, prompting inquiry into likelihood of ex-
posure to the listed chemicals. If certain agents appear suspect, inquiry can then
be made into the presence of additional manifestations typical of poisoning by
those substances.



The limitations of this approach to diagnosis must be understood. First, all
manifestations of illness have multiple causes, pesticidal and nonpesticidal.
Second, there are no specific symptoms or signs that are invariably present in
poisonings by particular pesticides. Third, many poisonings are characterized by
unexpected manifestations.



Finally, neither route of exposure nor dosage of pesticide is taken into
account in this listing. For example, effects of high-dose ingestion are not
distinguished from effects of relatively low-dose dermal absorption, nor are
topical effects distinguished from systemic dermal manifestations. The lists of
pesticides can only be regarded as clues to prompt further inquiry by the inter-
viewing professional.



The term manifestation means either symptom or sign. The word “poison-
ing” is used loosely in these headings to include topical as well as systemic effects.
Pesticides which are relatively consistent in causing particular manifestations are
listed in the middle column, headed “Characteristic of These Agents.” Pesticides
that have caused various conditions with less consistency, or are less prominent
features of poisoning, are listed in the right-hand column, headed “Occurs
withThese Agents.” Obviously, the distinction is not clear-cut.



Some symptoms (malaise, fatigue, dizziness) occur so commonly in poi-
soned individuals that they have little or no value in differential diagnosis, and
are therefore not included in these tables.
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MANIFESTATION



Rotten egg odor



Hypothermia



Hyperthermia
(fever, pyrexia)



Chills



Hot sensations



Myalgia



Thirst



Anorexia



Alcohol intolerance



Sweet taste
in the mouth



Metallic taste in the
mouth



Salty, soapy taste
In the mouth



CHARACTERISTIC OF
THESE AGENTS



Sulfur



Creosote
Norbormide



Nitrophenols
Pentachlorophenol



Phosphine
Arsine



Nitrophenols
Chlordimeform



Paraquat
Chlorophenoxy compounds



Pentachlorophenol
Nitrophenois
Inorganic arsenicals
Phosphorus
Phosphides
Sodium fluoride
Cholecalciferol
Aminopyridine



Organophosphates
Carbamate insecticides
Nicotine
Pentachlorophenol
Hexachlorobenzene
Chlordimeform
Cholecalciferol



Thiram
Calcium cyanamide



Chlordimeform



Inorganic arsenicals
Organic mercury



Sodium fluoride



OCCURS WITH
THESE AGENTS



Borate
Thallium
Metaldehyde
Inorganic arsenicals
Chlorophenoxy compounds
Cadmium dusts
Naphthalene



Pentachlorophenol



Borate
Endothall



Halocarbon fumigants
Nitrophenols
Inorganic arsenicals
Aminopyridine



General
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Irritation,
Rash,
Blistering, or
Erosion (without
sensitization)



Contact dermatitis



Flushing



Dermal sensitization



Beefy red palms, soles



Urticaria



Bullae



Copper, organotin, cadmium
compounds



Metam sodium
Paraquat
Diquat
Sodium chlorate
Phosphorus
Sulfur
Glyphosate
Propargite
Sodium hypochlorite
Quaternary ammonia
Thiram
Chlordimeform
Cationic detergents
Hexachlorphene
Ethylene oxide
Formaldehyde
Acrolein
Methyl bromide
Ethylene dibromide
Dibromochloropropane
Dichloropropane
Endothall
Aliphatic acids



PCP
Paraquat
DEET
Chlorhexidine
Creosote
Hexachlorphine
Pyrethrins
Chlorothalonil
Thiram
Thiophthalimides



Cyanamide
Nitrophenols



Propachlor
Propargite
Ethylene oxide



Borate



Chlorhexidine
PCP
DEET



Liquid fumigants



Pentachlorophenol
Picloram
Chlorophenoxy compounds
Captan
Rotenone
Diethyltoluamide
Creosote
Fungicides
Herbicides with



irritant properties
Petroleum distillate



Thiram plus alcohol



Anflazine
Chlorothalonil
Barban
Captafol
Formaldehyde



Fluoride
Pentachlorophenol



Hexachlorobenzene



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Skin
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Pallor



Cyanosis



Yellow stain



Keratoses, brown
discoloration



Ecchymoses



Jaundice



Excessive hair growth



Loss of hair



Loss of fingernails



Brittle nails, white striations



Sweating, diaphoresis



Organochlorines
Fumigants
Sodium fluoride
Creosote



Sodium chlorate
Paraquat
Cadmium dusts
Sodium fluoroacetate
Strychnine
Crimidine
Nicotine
Organochlorines



Nitrophenols



Inorganic arsenicals



Coumarins
Indandiones



Carbon tetrachloride
Chloroform
Phosphorus
Phosphides
Phosphine
Paraquat
Sodium chlorate



Thallium



Organophosphates
Carbamate insecticides
Nicotine
Pentachlorophenol
Naphthalene
Aminopyridine



Coumarins
Indandiones



Organophosphates
Carbamate insecticides
Agents that cause shock,
  myocardiopathy, severe
  arrhythmias or convulsions



Phosphorus
Phosphides



Inorganic arsenicals
Diquat
Copper compounds



Hexachlorobenzene



Inorganic arsenicals



Paraquat
Inorganic arsenicals



Inorganic arsenicals
Thallium



Copper compounds



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Skin (continued)
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Copper compounds
Organotin compounds
Cadmium compounds
Metam sodium
Paraquat
Diquat
Acrolein
Chloropicrin
Sulfur dioxide
Naphthalene
Formaldehyde
Ethylene oxide
Methyl bromide
Endothall
Toluene
Xylene



Organophosphates
Carbamate insecticides
Chloropicrin
Acrolein



Nitrophenols



Paraquat



Thallium



Organophosphates
Carbamate insecticides
Nicotine



Organic mercury



Organophosphates
Carbamate insecticides



Cyanide
Fluoride



Cyanide



Thiophthalimides
Thiram
Thiocarbamates
Pentachlorophenol
Chlorophenoxy compounds
Chlorothalonil
Picloram
Creosote
Aliphatic acids



Pentachlorophenol
Pyrethrins



Agents that cause jaundice
(see above under Skin)



Organotin compounds



Thallium



Nicotine (early)



Conjunctivitis
   (irritation of mucous
     membranes, tearing)



Tearing



Yellow schlerae



Keratitis



Ptosis



Diplopia



Photophobia



Constricted visual fields



Optic atrophy



Miosis



Dilated pupils



Unreactive pupils



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Eye
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Organophosphates
Cyanopyrethroids
Phosphides
Organochlorines
Thiabendazole



Inorganic arsenicals
Organic mercury
Sodium fluoroacetate
Carbon disulfide
Thallium



Organophosphates
Carbamate insecticides
Nicotine
Inorganic arsenicals
Organic mercury
Cadmium compounds
Organotin compounds
Copper compounds
Thallium
Fluoride
Borates
Naphthalene
Phosphine
Halocarbon fumigants
Creosote
Diquat
Cholecalciferol
Cyanamide



Organic mercury
Inorganic arsenicals
Organotin compounds
Thallium
Nicotine
Sodium fluoroacetate
Diquat
Cyanide
Nitrophenols
Aminopyridine
Carbon disulfide
Methyl bromide



Organophosphates
Carbamate insecticides
Sodium fluoride
Borate
Diquat



Nicotine (late)



Pyrethroids (transitory)



Organochlorines
Nitrophenols
Thiram
Pentachlorophenol
Paraquat
Diethyltoluamide



Organophosphates
Carbamate insecticides
Pentachlorophenol
Sodium fluoride
Diethyltoluamide
Organochlorines



Inorganic arsenicals
Metaldehyde
Sulfuryl fluoride
Halocarbon fumigants
Phosphorus
Phosphine
Paraquat
Chlorophenoxy compounds
Diethyltoluamide
Alkyl phthalates



Paresthesia
  (chiefly facial,
    transitory)



Paresthesia of extremities



Headache



Behavioral – mood
Disturbances
(confusion, excitement,



mania, disorientation,
emotional lability)



Depression, stupor, coma,
respiratory failure, often
without convulsions



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Nervous System
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Organochlorines
Strychnine
Crimidine
Sodium fluoroacetate
Nicotine
Cyanide
Acrylonitrile
Metaldehyde
Thallium
DEET
Chlorobenzilate
Carbon disulfide
Phosphine
Povidone-iodine
Hexachlorophene
Sodium chlorate
Creosote
Endothall
Fluoride



Organophosphates
Carbamate insecticides
Nicotine
Sulfuryl fluoride



Fluoride
Phosphides
Phosphorus



Organic mercury
Thallium
Organophosphates
Carbamate insecticides
Nicotine
Metaldehyde
Borates



Halocarbon fumigants
Organophosphates
Carbamate insecticides
Carbon disulfide
Nicotine
Thallium



Inorganic arsenicals
Organophosphates
Carbamate insecticides
Nicotine



Organic mercury



Nitrophenols
Pentachlorophenol
Inorganic arsenicals
Organotin compounds
Diquat
Borate
Sulfuryl fluoride
Methyl bromide
Chlorophenoxy compounds
Organophosphates
Carbamate insecticides
Aminopyridine



Organic mercury
Chlorophenoxy compounds



Chlorophenoxy compounds



Pentachlorophenol
Nitrophenole
Thiram



Organic mercury
Organochlorines



Organic mercury
Diethyltoluamide



Seizures/Convulsions
(clonic-tonic) sometimes
leading to coma



Muscle twitching



Myotonia



Tetany, carpopedal spasms



Tremor



Incoordination
(including ataxia)



Paralysis
Paresis, muscle weakness



Hearing loss



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Nervous System (continued)
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Phosphorus
Phosphides
Phosphine
Sodium fluoride
Sodium chlorate
Borate
Thallium
Copper compounds
Endothall
Cyanamide



Thallium (early)
Nicotine (early)



Hypotension shock



Hypertension



Inorganic arsenicals
Nicotine (late)
Creosote
Alkyl phthalate
Cycloheximide
Formaldehyde
Norbormide



Organophosphates



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Nervous System (continued)



Cardiac arrhythmias



Bradycardia (sometimes to
asystole)



Tachycardia



Sodium fluoroacetate
Halocarbon fumigants
Nicotine
Sodium fluoride
Ethylene oxide
Sodium chlorate
Thallium-ventricular
Povidone-iodine
Veratrum alkaloid (sabadilla)



Cyanide
Organophosphates
Carbamate insecticides



Nitrophenols
Pentachlorophenol
Cyanamide



Inorganic arsenicals
Phosphorus
Phosphides
Phosphine
Organochlorines
Cyanide
Acrylonitrile
Fluoride



Nicotine



Metaldehyde
Organophosphates



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Cardiovascular System
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Naphthalene
Paraquat
Chloropicrin
Acrolein
Dichloropropene
Ethylene dibromide
Sulfur dioxide
Sulfuryl fluoride
Acrylonitrile
Formaldehyde
Cadmium dusts
ANTU



Sabadilla



Pyrethrins
Inorganic arsenicals
Organophosphates
Carbamate insecticides



Methyl bromide
Phosphine
Phosphorus
Phosphine
Ethylene oxide
Ethylene dibromide
Acrolein
Pyrethiods
Sulfur dioxide
Cationic detergents
Creosote
Methylisothiocyanate
Cadmium



Paraquat
Cadmium dusts
Methyl bromide



Organophosphates
Carbamate insecticides
Nicotine
Paraquat
ANTU
Cadmium dusts
Cyanamide
Sulfuryl fluoride
Pentachlorophenol
Methyl bromide
Sulfur dioxide
Chloropicrin



Upper respiratory tract
irritation, rhinitis, scratchy
throat, cough



Sneezing



Runny nose



Pulmonary edema
(many chemicals come



packaged in a
hydrocarbon vehicle, well
known to cause
pulmonary edema)



Pulmonary consolidation



Dyspnea



Dry formulation of copper, tin,
zinc compounds



Dusts of thiocarbamate and
other organic pesticides



Chlorophenoxy compounds
Aliphatic acides
Rotenone



Dry formulation of copper, tin,
zinc compounds



Dusts of thiocarbamate and
other organic pesticides



Chlorophenoxy compounds
Aliphatic acides
Rotenone



Organophosphates
Carbamate insecticides
Paraquat
Phosphides



Diquat



Nitrophenols
Cyanide
Creosote
Pyrethins



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Respiratory System
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Organophosphates
Carbamate insecticides
Nicotine
Arsenicals
Fluoride
Cadmium compounds
Organotin compounds
Copper compounds
Sodium chlorate
Borate
Cyanide
Chlorophenoxy compounds
Phosphorus
Phosphides
Phosphine
Carbon disulfide
Chloropicrin
Halocarbon fumigants
Endothall
Metaldehyde
Thallium
Red quill
Diquat
Naphthalene
Methyl bromide
Dibromochloropropane
Veratrum alkaloid
Thiram



Organophosphates
Carbamates
Pyrethoids
Borates
Sulfur
Nicotine
B.thuringiensis
Thiram
Cadmium



Fluoride
Paraquat
Diquat
Thallium
Coumarins
Indandiones
Endothall
Arsenicals



Pentachlorophenol
B.thuringiensis
Cholecalciferol
Thiram
Ethylene dichloride
Propane
Ethylene oxide
Cresol
Many pesticides have some



irritant property



Cationic detergents
Cresol
Hexachlorophene
Chlorophenoxy compounds



Phosphorus
Phosphides
Cycloheximide



Nausea, vomiting,
commonly followed by
diarrhea



Diarrhea (first)



Diarrhea (bloody)



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Gastrointestinal Tract and Liver
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Abdominal pain



Stomatitis



Salivation



Ileus



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Gastrointestinal Tract and Liver (continued)



Enlargement



Jaundice –
see section on Skin



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Liver



Organophosphates
Carbamate insecticides
Paraquat
Diquat
Nicotine
Methaldehyde
Fluoride
Borate
Phosphorous
Phosphides
Inorganic arsenicals
Cadmium compounds
Copper compounds
Thallium
Organotin compounds



Inorganic arsenicals
Paraquat
Diquat
Copper compounds



Organophosphates
Carbamate insecticides
Nicotine
Aminopyridine
Sodium fluoride
Cyanide
Cadmium compounds



Thallium
Diquat



Copper compounds
Sodium chlorate
Phosphine
Carbon tetrachloride
Cholorform



Chlorophenoxy compounds
Aliphatic acids
Sodium chlorate
Creosote
Endothall
Aminopyridine
Coumarins
Indandiones
Fumigants (ingested)
Cycloheximide



Thallium



Inorganic arsenicals
Hexachlorobenzene
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Proteinuria
Hematuria
Sometimes leading



to oliguria
Acute renal failure with



azotemia



Dysuria, hematuria, pyuria



Polyuria



Hemoglobinuria



Wine-red urine
(porphyrinuria



Smoky urine



Glycosuria



Ketonuria



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Kidney



Inorganic arsenicals
Copper compounds
Sodium fluoride
Naphthalene
Borate
Nitrophenols
Pentacholorphenol
Sodium chlorate
Sulfuryl fluoride
Paraquat
Diquat
Arsine
Ethylene dibromide



Chlordimeform



Cholecalciferol



Naphthalene
Sodium chlorate
Arsine



Hexachlorobenzene



Creosote



Cadmium compounds
Phosphorus
Phosphides
Phosphine
Chlorophenoxy compounds
Creosote
Organotin compounds



Fluoride



Organotin compounds



Borate



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Reproductive System



Low sperm count Dibromochloropropane Kepone
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Hypocalcemia



Hypercalcemia



Carboxyhemoglobinemia



Anemia



Leukopenia,
Thrombocytopenia



Elevated LDH
GOT, GPT,
alkaline phosphatase,
ALT, AST enzymes



Depressed RBC
Acetylcholinesterase and



plasma
pseudocholinesterase



Hemolysis



Methemoglobinemia



Hypoprothrombinemia



Hyperkalemia



MANIFESTATION CHARACTERISTIC OF
THESE POISONINGS



OCCURS WITH
THESE AGENTS



Blood



Naphthalene
Sodium chlorate
Arsine



Sodium chlorate
Creosote



Coumarins
Indandiones



Sodium chlorate
Naphthalene
Arsine



Copper compounds
Cresol



Chlordimeform
Cyanide
Cresol
Copper
Arsine



Phosphorus
Phosphides
Carbon tetrachloride



Sodium fluoride



Fluoride



Cholecalciferol



Naphthalene
Sodium chlorate
Arsine
Inorganic arsenicals



Inorganic arsenicals



Carbon tetrachloride
Chloroform
Phosphine



Organosphosphates



Thallium
Phosphorus
Phosphides



Organotin compounds



Inorganic arsenicals
Phosphorus
Phosphides
Phosphine
Sodium chlorate
Nitrophenols
Pentachlorophenol
Thallium
Organochlorines
Chlorophenoxy compounds



Carbamate insecticides
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Symbols
1,2-dichloropropane ......................157
1,2-epoxyethane ............................158
1,3-dichloropropene ......................157
2-benzyl-4-chlorophenol ...............197
2-methyl-3, 6 dichlorobenzoic acid. 95
2,3,6-TBA ....................................119
2,4-D ............................. 94-95, 97-98
2,4-DB .......................................... 95
2,4-dichlorophenoxyacetic acid . 95, 98
2,4-dichlorophenoxybutyric acid .... 95
2,4-dichlorophenoxypropionic acid 95
2,4-DP ........................................... 95
2,4,5-T ..................................... 94-95
2,4,5-trichlorophenoxy acetic acid .. 95
4-Aminopyridine ........... 183-184, 194
4-tert-amylphenol .........................197
1080 ..............................................177
1081 ..............................................177



A
A7 Vapam ......................................140
Aaterra ..........................................152
Aatrex ...........................................121
Abate ............................................. 35
Abathion ........................................ 35
Abol ............................................... 49
Acaraben ........................................ 75
acaricides ................................. 74, 104
Acarstin .......................................... 75
Accelerate .....................................184
Accotab .........................................120
Accothion ...................................... 35
acephate ......................................... 35
acetamides .....................................119
Acrex ............................................105
Acricid ..........................................105
acrolein ................................. 156, 158
acrylonitrile ..... 156-157, 161, 163-165
Actellic ........................................... 35
Activol ........................................... 64
Actor ............................................109
Afalon ...........................................122
Aficida ........................................... 49
Afugan ........................................... 35
Agree ............................................. 64
Agri-Mycin 17 ............................... 65
Agritox .......................................... 35
Agrosan .........................................147
Agrothion ...................................... 35
Agtoxin .........................................158



Index of Pesticide Products
Akar ............................................... 75
alachlor .........................................119
Alanox ..........................................119
alcohols ................... 192-193, 196-197
aldehydes ........................ 158, 161, 197
aldicarb ..................................... 49, 50
aldrin ........................................ 55-57
Align .............................................. 64
alkyl phthalates .......................... 74-75
allethrin .................................... 76, 89
Allisan ...........................................138
Alon ..............................................122
Alphos ..........................................158
Altosid ........................................... 76
Amaze ............................................ 35
Ambox ..........................................105
Ambush ......................................... 77
Amerol ..........................................121
Ametrex ........................................121
ametryn.........................................121
Amex ............................................120
aminocarb ...................................... 49
4-Aminopyridine ........... 183-184, 194
aminotriazole ................................121
Amiral ...........................................152
amitrole .........................................121
Ammo ........................................... 76
anilazine ........................................152
anilides ..........................................119
Ansar 170 .............................. 127, 134
Ansar 8100 ............................ 127, 134
Anthio ........................................... 35
anticaking agents ................... 184, 193
Anticarie .......................................138
anticoagulant rodenticides .............. 5, 6
Antimilace .....................................184
Apache ........................................... 35
Apachlor ........................................ 35
Apex .............................................. 76
Aphox ............................................ 49
Apl-Luster .....................................152
aprocarb ......................................... 50
Aquabac ......................................... 64
Aquacide .......................................109
Aquathol ............................... 121, 184
Aquinite ........................................157
Arbotect ........................................152
Arelon ...........................................122
Aresin ...........................................122
Aretit ............................................105
Arrhenal ................................ 127, 134
Arsenal ..........................................120
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arsenic acid ............................ 127, 133
arsenic trioxide ............... 127, 129, 133
arsenical pesticides .. 126, 145, 147, 149
arsine gas ................. 126-127, 129, 132
Arsinyl .................................. 127, 134
Arsonate Liquid ..................... 128, 134
Aspon ............................................ 35
Aspor ............................................144
asulam ...........................................119
Asulox ...........................................119
Asuntol .......................................... 35
Atranex .........................................121
atrazine .........................................121
Aules .............................................140
Auton ............................................ 75
Avicol ...........................................138
Avitrol ...........................................184
Azac ..............................................119
Azadirachtin .............................. 63-64
Azar ..............................................119
Azatin ............................................ 64
azinphos-methyl ............................. 35
Azodrin .......................................... 35
Azofene.......................................... 35
Azolan ..........................................121
Azole ............................................121
Aztec ............................................. 35



B
Bacillus thuringiensis ................. 64, 72
Bactimos ........................................ 64
Bactospeine .................................... 64
Bactur ............................................ 64
Balan .............................................120
Balfin ............................................120
Banvel ..................................... 95, 119
Barricade ....................................... 76
Barrier ..........................................119
barthrin .......................................... 76
Basagran ........................................119
Basalin ...........................................120
Basanite .........................................105
Bash ............................................... 35
Batasan ..........................................149
Baygon ........................................... 50
Bayleton ........................................152
Bayrusil .......................................... 35
Baytex ............................................ 35
Baythion ........................................ 35
Baythroid ....................................... 76
Belmark ......................................... 77
bendiocarb ..................................... 49
Benefin .........................................120
Benex ...........................................152
benfluralin .....................................120



Benlate ..........................................152
benomyl ........................................152
bensulide ........................................ 35
bentazone ......................................119
benzalkonium chloride .......... 197-198
Benzamide ....................................119
benzene hexachloride ..................... 56
Benzilan ......................................... 75
Benzofuroline ................................. 77
Benzothiadiazinone dioxide ...........119
Benzyl benzoate ............................. 75
2-benzyl-4-chlorophenol ...............197
Berelex ........................................... 64
Betadine ........................................197
Betasan ........................................... 35
Bexton ..........................................119
Bidrin ............................................ 35
Bilevon .........................................197
binapacryl .....................................105
bioallethrin ..................................... 76
Biologicals ...................................... 63
biopermethrin ................................ 76
bioresmethrin ................................. 76
Birlane ........................................... 35
Black Leaf 40 ............................ 64-65
Bladafum ........................................ 35
Bladex ...........................................121
Bo-Ana .......................................... 35
Bolate ................................... 127, 134
Bolero ...........................................119
Bolls-Eye............................... 127, 134
Bollwhip ........................................ 64
Bolstar ............................................ 35
bomyl ............................................. 35
Bophy ................................... 127, 134
borates ...................................... 74-77
Borax ................................... 75-76, 90
Bordeaux Mixture .........................145
boric acid ............................. 74-76, 90
Brace .............................................. 35
Bravo ............................................138
Brestan ..........................................149
Brodan ........................................... 35
brodifacoum ................... 170-172, 181
bromacil ........................................122
bromadiolone ................................170
Bromofume ...................................157
Bromone .......................................170
bromophos ..................................... 35
bromophos-ethyl ............................ 35
Broot ............................................. 50
Bueno 6 ................................ 128, 134
bufencarb ....................................... 49
Busan 1020 ...................................140
butralin .........................................120
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butylate .........................................119
Bux ................................................ 49



C
cacodylic acid ........................ 127, 134
Cad-Trete .....................................150
Caddy ...........................................150
Cadminate ....................................150
cadmium chloride .........................150
cadmium compounds ............ 137, 150
cadmium succinate ........................150
cadmium sulfate ............................150
cadusafos ........................................ 35
Caid ..............................................170
Calar ..................................... 127, 135
calcium acid methane arsonate . 127, 135
calcium arsenate .................... 127, 134
calcium arsenite ..................... 127, 133
calcium cyanamide ........................184
calcium hypochlorite ............. 197, 200
Caldon ..........................................105
Caliber 90 .....................................121
CAMA.................................. 127, 135
Caparol .........................................121
Captaf ...........................................145
captafol .........................................145
captan ................................... 145, 154
Captanex .......................................145
Carbamate WDG ..........................140
carbamates .................. 5, 12-13, 49-50,



53, 69, 119, 140
Carbamult ...................................... 50
Carbanilates ...................................120
carbaryl ..................................... 49-50
carbofuran ................................. 48-50
carbon disulfide ................. 40, 156-158,



161-164
carbon tetrachloride ........ 157-158, 164,



167-168
carbophenothion ............................ 35
Carpene ........................................152
Carzol ............................................ 49
Casoron ........................................119
Castrix ..........................................177
cationic detergents .......... 197-198, 200
CCN52 .......................................... 76
Cekiuron.......................................122
Ceku C.B. .....................................138
Cekugib ......................................... 64
Cekumeta .....................................184
Cekuquat ......................................109
Celathion ....................................... 35
Celfume ........................................157
Celmide ........................................157
Ceresan .........................................147



cetrimide ........................ 197-198, 206
cetylpyridium chloride .......... 197-198
Chem Bam ...................................144
Chem-Fish ..................................... 64
Chemox General ...........................105
Chemox PE ..................................105
Chemsect DNBP ..........................105
Chemsect DNOC .........................105
Chermox PE .................................105
Chipco Thiram 75 .........................140
chlordane ............................. 55-57, 61
chlordecone ......................... 55-57, 62
chlordimeform ............... 74-75, 77-78
chlorethoxyfos ................................ 35
chlorfenvinphos .............................. 35
chlorhexidine ................. 197-199, 206
chlorimuron ..................................122
chlormephos .................................. 35
Chloro-IPC ..................................120
chlorobenzilate .... 56, 74-75, 78-79, 91
chloroform ............................ 156-157
chloroneb .............................. 138-139
chlorophacinone .................... 170, 181
Chlorophen ...................................100
chlorophenoxy herbicides .......... 94, 98
chloropicrin .......................... 156-157
chlorothalonil ................. 138-139, 154
chlorotoluron ................................122
chlorphoxim .................................. 35
chlorpropham ...............................120
chlorpyrifos ............................6, 35-36
chlorthaldimethyl ..........................121
chlorthiophos ................................. 35
cholecalciferol ....................... 179-180
Chrysron ........................................ 77
Ciodrin .......................................... 35
cismethrin ................................. 76, 89
Classic ...........................................122
cloethocarb .................................... 49
clomazone .....................................120
Clorto Caffaro ...............................138
Clortosip .......................................138
Clortran ........................................138
Co-Ral .......................................... 35
Co-Rax ........................................170
Cobex ...........................................120
Comite .......................................... 76
Command .....................................120
Compound 1080 ...........................177
Compound 1081 ...........................177
Contrac .........................................170
Contraven ...................................... 35
convulsants ....................................177
copper acetate ...............................145
copper acetoarsenite .............. 127, 133
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copper ammonium carbonate ........145
copper arsenite



(acid copper arsenite) .............127
copper carbonate, basic ..................145
copper compounds ......... 137, 145-146
copper hydroxide ..........................145
copper lime dust ............................145
copper linoleate .............................145
copper oxychloride .......................145
copper potassium sulfide ................145
copper silicate ................................145
copper sulfate ................. 145-146, 155
Cotoran ........................................122
cottonex ........................................122
coumachlor ...................................170
coumafene ....................................170
coumaphos ..................................... 35
coumarins ............................. 169-171
coumatetralyl .................................170
Counter ......................................... 35
Cov-R-Tox ...................................170
Crab-E-Rad .......................... 127, 134
Crag Turf Fungicide ......................150
creosote .......................... 183-187, 194
cresol ....... 105, 185, 197, 202-203, 207
crimidine .............................. 177-178
Crisazina .......................................121
Crisfolatan .....................................145
Crisfuran ........................................ 49
Crisquat ........................................109
Crisuron........................................122
Crotothane ....................................105
crotoxyphos .................................... 35
crufomate ....................................... 35
Cryolite ............................... 75, 82, 85
Cuman ..........................................140
cupric oxide ..................................145
cuprous oxide ................................145
Curacron ........................................ 35
Curamil .......................................... 35
Curaterr ......................................... 49
Curitan .........................................152
cyanamide ............................. 184, 194
cyanazine ......................................121
cyanofenphos ................................. 35
cyanophos ...................................... 35
Cyanox .......................................... 35
Cybolt ............................................ 77
cycloate .........................................119
cycloheximide ....................... 152-153
Cyflee ............................................ 35
cyfluthrin ....................................... 76
Cygon ............................................ 35
cyhexatin ....................... 74-75, 79-80
Cylan ............................................. 35



Cymbush ....................................... 76
Cymperator .................................... 76
Cynoff ........................................... 76
Cyolane.......................................... 35
Cyperkill ........................................ 76
cypermethrin ............................ 76, 87
Cypona .......................................... 35
Cyrux ............................................ 76
cythioate ........................................ 35
Cythion ......................................... 35
Cytrolane ....................................... 35



D
2,4-D ............................. 94-95, 97-98
D-D92 ..........................................157
D-trans ........................................... 76
Dachthal .......................................121
Daconate 6 ............................ 128, 134
Daconil 2787 ................................138
Dailon ...........................................122
Dal-E-Rad ............................ 128, 134
Dalapon ........................................119
Danitol ........................................... 77
Dapacryl .......................................106
Dart ............................................... 76
Dasanit ........................................... 35
2,4-DB .......................................... 95
DBCP ..................................... 26, 157
DCNA..........................................138
DCPA ...........................................121
DDT ............................ 55-58, 79, 118
DDVP ............................................ 35
De-Fol-Ate ...................................184
De-Green....................................... 35
Decis .............................................. 77
DEET .................................. 80-82, 91
DEF ............................................... 35
DeFend .......................................... 35
Defol .............................................184
Deftor ...........................................122
Delnav ........................................... 35
DeltaDust ....................................... 77
DeltaGard ...................................... 77
deltamethrin .............................. 77, 89
Deltex ............................................ 77
demeton ......................................... 35
demeton-S-methyl ......................... 35
Demon .......................................... 77
Denarin.........................................152
Dermaadex ...................................197
Des-i-cate .....................................184
Design............................................ 64
desmetryn .....................................121
Dessin ...........................................105
Detamide ....................................... 75
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Dethdiet ........................................179
Dextrone .......................................109
Dexuron .......................................109
Di-allate ........................................119
Di-Tac .................................. 127, 134
Diacon ........................................... 76
dialifor ........................................... 35
diallate ..........................................119
Dianex ........................................... 76
Diaract ........................................... 76
diatomaceous earth ........................193
diazinon .................................... 35-36
Dibrom .......................................... 35
dibromochloropropane ..... 26, 157, 162
dibromoethane ..............................157
dibutylphthalate ......................... 74-75
dicamba................................... 95, 119
Dicarbam ....................................... 49
dichlobenil ....................................119
dichloroethane ..............................157
dichlorofenthion ........................ 35-36
2,4-dichlorophenoxyacetic acid .. 95, 98
2,4-dichlorophenoxybutyric acid ..... 95
2,4-dichlorophenoxypropionic acid . 95
1,2-dichloropropane ......................157
1,3-dichloropropene ......................157
dichloropropionic acid ...................119
dichlorprop ............................... 95, 98
dichlorvos ...................................... 35
dicloran ................................. 138-139
dicofol ....................................... 55-56
dicrotophos .................................... 35
Dicuran .........................................122
dieldrin ..................................... 55-57
Dieldrite ........................................ 56
dienochlor ...................................... 56
diethyltoluamide ............. 74-75, 80, 91
difenacoum ...................................170
diflubenzuron ............................ 76, 85
Difolatan .......................................145
Dilie ...................................... 127, 134
Dimecron ....................................... 35
dimefos .......................................... 35
dimephenthoate ............................. 35
dimetan .......................................... 49
Dimethan ....................................... 49
dimethoate ................................ 35, 37
dimethrin ....................................... 77
dimethyl phthalate ..................... 74, 75
Dimilin .......................................... 76
dinitramine ....................................120
Dinitro .................................. 105, 107
Dinitro General Dynamyte ............105
Dinitro Weed Killer 5 ....................105
Dinitro-3 ......................................105



dinitrocresol ..................................105
dinitrophenol ........................ 105-106
dinobuton .....................................105
dinocap ................................. 104-105
Dinofen ........................................105
dinopenton ...................................105
dinoprop .......................................105
dinosam ........................................105
dinoseb ................................. 105, 107
dinoseb acetate ..............................105
dinoseb methacrylate .....................105
dinosulfon .....................................106
dinoterb acetate .............................106
dinoterb salts .................................106
dinoterbon ....................................106
dioxacarb ........................................ 49
dioxathion ...................................... 35
Dipel .............................................. 64
diphacin ........................................170
diphacinone ..................................170
Dipher ..........................................144
Dipterex ......................................... 35
diquat .................... 11-12, 15, 108-116
Direx ............................................122
Dirimal .........................................120
disinfectants .................... 5-7, 196-199
disodium arsenate .................. 128, 133
disodium methane arsonate ... 127, 134
disulfoton ....................................... 35
Disyston ......................................... 35
ditalimfos ....................................... 35
Dithane .........................................144
Dithione ........................................ 35
Ditrac ............................................170
Diurex ..........................................122
Diuron ..........................................122
diuron ................................... 109, 122
DMA .................................... 127, 134
DMP ............................................. 75
DNAP ..........................................105
DNBP ..........................................105
DNC ............................................105
DNOC .........................................105
dodine ...........................................152
Dojyopicrin ...................................157
Dolochlor .....................................157
Dosaflo ..........................................122
Dotan ............................................. 35
2,4-DP ........................................... 95
DPA ..............................................119
DPX 1410...................................... 49
Dragnet .......................................... 77
Drawinol .......................................105
Draza ............................................. 49
Drexar 530 ............................ 128, 134
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Drop-Leaf .....................................184
DSE ..............................................144
DSMA .................................. 127, 134
Dual ..............................................119
Duraphos ....................................... 35
Duratox.......................................... 35
Dursban ......................................... 35
dusts ....................... 18, 66, 70, 90, 138,



140, 145, 147, 184, 192-193
Dycarb ........................................... 49
Dyclomec .....................................119
Dyfonate ........................................ 35
Dylox ............................................. 35
Dyrene ..........................................152



E
E 601 ............................................. 35
E-48............................................... 35
E-D-Bee .......................................157
E-Z-Off D ..................................... 35
E605 .............................................. 35
Earthcide .......................................138
Easy off-D ...................................... 35
EBDC compounds ........................144
Ebufos ............................................ 35
EDB .............................................157
EDC .............................................157
edifenphos ...................................... 35
Ekamet ........................................... 35
Ekatin ............................................ 35
Eksmin ........................................... 77
Elecron .......................................... 49
Elimite ........................................... 77
Elgetol 30......................................105
Elgetol 318 ....................................105
Emerald green ....................... 127, 133
Emisan 6 .......................................147
emulsifiers ............................. 184, 193
Endosan ........................................106
endosulfan ................................. 55, 56
endothall .. 121, 124, 184, 187-188, 195
Endothall Turf Herbicide ...............184
endothion ...................................... 35
endrin ....................................... 55-56
Entex ............................................. 35
EPBP ............................................. 35
EPN............................................... 35
1,2-epoxyethane ............................158
EPTC ...........................................119
Eradicane ......................................119
Esgram ..........................................109
ethalfluralin ...................................120
Ethanox ......................................... 35
Ethazol ..........................................152
ethion ............................................ 35



ethoprop ........................................ 35
ethyl parathion .......................... 35, 37
ethylene dibromide .... 157-158, 162, 167
ethylene dichloride ................ 157-158
ethylene oxide ....................... 156, 158
ETO .............................................158
etridiazole ............................. 152-153
etrimfos .......................................... 35
Etrofolan ........................................ 49
Eugenol ............................... 64-65, 72
Evik ..............................................121
Exofene.........................................197
Exotherm Termil ...........................138



F
Fac ................................................. 35
Fall ................................................184
Famarin.........................................170
Famfos ........................................... 35
Famid ............................................. 49
famphur ......................................... 35
Far-go ...........................................119
fenamiphos ..................................... 35
Fenchlorphos ................................. 35
fenitrothion .................................... 35
Fenkill ............................................ 77
fenophosphon ................................ 35
fenothrin ........................................ 77
fenoxycarb ..................................... 49
fenpropanate ................................... 77
Fenpropar ....................................... 76
fenpropathrin ................................. 77
fensulfothion .................................. 35
fenthion .................................... 35, 37
fentin acetate .................................149
fentin chloride ...............................149
fentin hydroxide ............................149
fenvalerate ...................... 77, 87, 89, 91
ferbam................................... 140, 143
Ferberk .........................................140
Fermide 850 ..................................140
Fernasan ........................................140
Fernos ............................................ 49
Ficam ............................................. 49
Flectron.......................................... 77
fluchloralin ....................................120
flucythrinate .............................. 77, 87
Fluent ............................................ 77
flumeturon ....................................122
fluorides .............................. 74, 82, 85
fluoroacetamide ..................... 169, 177
fluvalinate ............................. 77, 87-89
FMC 9044 ....................................106
Folbex ............................................ 75
Folcord .......................................... 77
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Folex .............................................. 35
Folosan ..........................................138
Folpan ...........................................145
folpet ............................................145
Foltaf .............................................145
fonofos ........................................... 35
formaldehyde ......... 156, 158, 168, 197
formetanate hydrochloride ............. 49
formothion .................................... 35
Fortress .......................................... 35
Fortrol ...........................................121
fosamine ........................................120
fosthietan ....................................... 35
French green ......................... 127, 133
Frunax-DS ....................................170
Fumex ..........................................158
fumigants ................. 82, 141, 156, 162,



164, 174, 176, 197
Fumitoxin .....................................158
fungicides ................... 55, 79, 104, 137,



143-150, 152-154, 156
Funginex .......................................152
Fungitrol II ...................................145
Furadan .......................................... 49
furethrin ......................................... 77
Futura ............................................ 64



G
G 28029 ......................................... 35
GA



3
........................................................................... 64-65



Gallotox ........................................147
gamma BHC or HCH ................... 56
Gamophen ....................................197
Gardona ......................................... 35
Gardoprim ....................................121
Garlon...........................................120
Gebutox ........................................105
Gesafram 50 ..................................121
Gesagard .......................................121
Gesapax .........................................121
Gesatop .........................................121
gibberellic Acid ......................... 64-65
Gibberellin ................................ 64-65
Gibrel ............................................. 64
glutaraldehyde .................... 6, 197-198
Glycophene ...................................152
Glyfonox .......................................120
Glyphosate ....................................... 6
glyphosate .....................................120
Gnatrol ........................................... 64
Go-Go-San ...................................120
Goldquat .......................................109
Gramocil .......................................109
Gramonol .....................................109
Gramoxone ...................................109



gramoxone ....................................116
Gramuron .....................................109
granular formulations ....................192
Granurex .......................................122
Grocel ............................................ 64
Gusathion ...................................... 35
Guthion ......................................... 35
Gypsine ................................. 127, 134



H
Haipen ..........................................145
Halizan ..........................................184
haloaromatic substituted ureas ......... 85
halocarbon fumigants ............ 156-157,



159, 162
Hanane .......................................... 35
Havoc ...........................................170
HCB ..................................... 138-139
HCH ............................................. 56
Hel-Fire ........................................105
Helothion ...................................... 35
heptachlor ................................. 55-57
heptenophos ................................... 35
Herald ............................................ 77
Herbi-All .............................. 128, 134
Herbicide 273 ...............................184
Herbodox......................................120
hexachlor ....................................... 56
hexachloran .................................... 56
hexachlorobenzene ....... 55-56, 61, 103,



137-139, 154
hexachlorophene ..... 197, 202-204, 207
Hexadrin ........................................ 56
Hexaferb .......................................140
Hexathane .....................................144
Hexathir ........................................140
Hexazir .........................................140
Hi-Yield Dessicant H-10 ....... 127, 133
Hibiclens ............................... 197, 206
Hibistat .........................................197
hiometon ....................................... 35
Hoe 002784 ..................................106
hosalone ......................................... 35
Hostaquick ..................................... 35
Hostathion ..................................... 35
hydrocyanic acid ............................157
hydrogen cyanide .... 156-158, 163-165
Hydrothol .....................................184
hypochlorites ........................ 197, 200
Hyvar ............................................122



I
IBP ................................................ 35
imazapyr ........................................120
Imidan ........................................... 35
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indandiones ........................... 169-171
inorganic copper compounds .........145
Iodines ..........................................197
iodofenphos ................................... 35
Ioprep ...........................................197
IP50 ..............................................122
iprodione .............................. 152-153
isazofos ........................................... 35
isofenphos ...................................... 35
isolan ............................................. 49
Isopestox ........................................ 35
isoprocarb ...................................... 49
isopropanol .................... 184, 192, 196
isopropyl alcohol .......80, 196-197, 206
isoproturon....................................122
isoxathion....................................... 35
isoxazolidinone ..............................120



J
Jones Ant Killer ..................... 128, 133



K
Kabat ............................................. 76
Kack ..................................... 127, 134
Kafil ............................................... 77
KafilSuper ...................................... 77
Karathane ......................................105
Karbation ......................................140
Karmex .........................................122
Karphos ......................................... 35
Kayafume ......................................157
Kelthane ......................................... 56
Kepone ..................................... 56, 62
Kerb ..............................................119
Kiloseb ..........................................105
Kitazin ........................................... 35
Klerat ............................................170
Knockmate ...................................140
Koban ...........................................152
Kobu .............................................138
Kobutol .........................................138
Kopfume .......................................157
Korlan ............................................ 35
Krenite ..........................................120
Kromad .........................................150
Kryocide ........................................ 75
Kusatol ..........................................184
Kwell ............................. 55-56, 61-62
Kypfarin ........................................170
Kypman 80 ...................................144
Kypzin ..........................................144



L
Lance ............................................. 49
Landrin .......................................... 50



Lannate .......................................... 49
Lanox ............................................. 49
Larvacide .......................................157
Larvin ............................................ 50
Lasso .............................................119
Lead arsenate .................................134
lead arsenate ..................................127
Leafex ...........................................184
lenacil ...........................................122
leptophos ....................................... 35
Lescosan ......................................... 35
Lexone ..........................................121
lindane .................... 55-58, 61-62, 138
Linex ............................................122
Linorox .........................................122
Linurex .........................................122
linuron ..........................................122
Liphadione ....................................170
Liqua-Tox .....................................170
London purple ...................... 127, 133
Lorox ............................................122
Lorsban .......................................... 35
Lysol .............................. 185, 197, 207



M
M-Diphar .....................................144
MAA .................................... 127, 134
Magnacide B .................................158
Magnacide H ................................158
Maki .............................................170
malathion ............................ 35, 37, 47
MAMA ................................. 127, 134
mancozeb ......................................144
Mancozin ......................................144
maneb ................................... 144, 154
Maneba .........................................144
Manex ..........................................144
Manex 80 ......................................144
manzeb .........................................144
Manzin .........................................144
Maposol ........................................140
Marlate ...................................... 55-56
Matacil ........................................... 49
Mattch ........................................... 64
MCPA ...................................... 95, 98
MCPB ........................................... 95
MCPP ........................................... 95
MeBr ............................................157
mecoprop ............................. 95, 97-98
Melprex ........................................152
MEMA .........................................147
MEMC .........................................147
Meothrin ....................................... 77
mephosfolan ................................... 35
Mercuram .....................................140
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mercurials ............... 148-149, 197, 202
mercurobutol ................................197
mercurochrome .............................197
Merge 823 ............................ 128, 134
Merpafol .......................................145
Merpan .........................................145
merphos ......................................... 35
Mertect .........................................152
merthiolate ....................................197
Mesamate .............................. 128, 134
Mesurol .......................................... 49
Metadelphene ................................ 75
metalaxyl ............................... 152-153
metaldehyde ............ 184, 188-189, 195
metalkamate ................................... 49
Metam-Fluid BASF .......................140
metam-sodium ...................... 140-141
Metaran ......................................... 75
Metason ........................................184
Metasystox-R ................................. 35
Metasystox-S .................................. 35
MetasystoxI .................................... 35
Meth-O-Gas .................................157
methabenzthiazuron ......................122
methamidophos .............................. 35
methane arsonic acid ............. 127, 134
methanol ........................ 184, 192, 196
Methar 30 ............................. 127, 134
methidathion .................................. 35
methomyl ....................................... 49
methoprene ......................... 74, 76, 86
methoxychlor ................................. 56
methoxyethyl mercury acetate ......... 147
methoxyethyl mercury chloride ....... 147
methoxyethyl mercury compounds .. 147
methyl bromide ............... 156-157, 159,



161-163, 168
2-methyl-3, 6 dichlorobenzoic acid ... 95
methyl mercury acetate .................147
methyl mercury compounds ..........147
methyl naphthalenes ......................193
methyl parathion .................. 35-37, 46
methyl trithion ............................... 35
methylene chloride . 157, 159, 161, 168
metobromuron ..............................122
metolachlor ...................................119
metoxuron ....................................122
metribuzin ....................................121
mevinphos...................................... 35
mexacarbate ................................... 49
Mezene .........................................140
MGK ............................................. 75
Micromite ...................................... 76
Microzul .......................................170
Mightikill ....................................... 76



Miller 531 .....................................150
Milo-Pro .......................................121
Minex ............................................ 76
mipafox .......................................... 35
MIPC ............................................ 49
Miral .............................................. 35
mirex ........................................ 55-57
Mitis green ............................ 127, 133
Mocap ........................................... 35
Monitor ......................................... 35
mono-calcium arsenite .......... 127, 133
monoammonium methane



arsonate ......................... 127, 134
monocrotophos .............................. 35
monolinuron ......................... 109, 122
monosodium methane



arsonate ......................... 127, 134
monuron .......................................122
Morrocid ......................................106
MSMA.................................. 127, 134
Multamat ....................................... 49
Muritan ........................................179
Muskol ........................................... 75
Mycodifol .....................................145



N
N-2790 .......................................... 35
n-methyl carbamates ................. 48-51,



53, 140, 191
nabam ...........................................144
naled .............................................. 35
Namekil ........................................184
naphthalene ....... 66, 156-157, 159-162,



164, 168, 193
naphthenate...................................145
naramycin .....................................152
Neburex ........................................122
neburon ........................................122
Neemazad ...................................... 64
Neemazal ....................................... 64
Neemix .......................................... 64
Neguvon ........................................ 35
Nem-A-Tak ................................... 35
Nemacur ........................................ 35
Nemafume ....................................157
Nemanax ......................................157
Nemaset ........................................157
Nemasol ........................................140
Nemispor ......................................144
Neopynamin .................................. 78
Nephis ..........................................157
Nexagan ......................................... 35
Nexion .......................................... 35
NIA 9044 .....................................106
Nico Soap ...................................... 64
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nicotine .......................... 63-67, 72-73
Niomil ........................................... 49
Nitrador ........................................105
nitrocresolic herbicides .......... 104-105
nitrolime .......................................184
nitromersol ....................................197
nitrophenolic herbicides . 104-105, 118
Nitropone C .................................105
Nix ................................................ 77
No Bunt .......................................138
Nomersam ....................................140
Nomolt .......................................... 76
Novodor ........................................ 64
Noxfire .......................................... 64
Noxfish .......................................... 64
NRDC 149 ................................... 77
Nudrin ........................................... 49
Nusyn-Foxfish ................................ 64
Nuvanol-N .................................... 35



O
o-phenylphenol .............................197
Off! ........................................... 75, 80
Oftanol .......................................... 35
Ofunack ......................................... 35
oleate .................................... 145, 193
Omite ....................................... 76, 91
OMPA ........................................... 35
organic copper compounds ............146
organochlorines ................ 5, 13, 55-59
organomercury compounds .......... 137,



147, 202
organophosphates .... 5-6, 12-13, 34-37,



39-40, 42, 44-45,
48, 50, 69



organotin compounds ........ 79, 80, 137,
149-150



Ornamite ....................................... 76
Orthene ......................................... 35
Ortho Diquat ................................109
Orthocide .....................................145
oryzalin .........................................120
Oust ..............................................122
Outflank ........................................ 77
Oxadiazolinone .............................120
oxadiazon ......................................120
oxamyl ........................................... 49
oxirane ..........................................158
Oxotin ........................................... 75
oxydemeton-methyl ....................... 35
oxydeprofos .................................... 35



P
Panogen ........................................147
Panogen M....................................147



Pansoil ..........................................152
Para-col .........................................109
paradichlorobenzene ....... 157, 160, 162
paraformaldehyde .................. 156, 158
paraquat ................ 11-12, 15, 107-117
Parathion ................................... 35, 46
Paris green ..................... 127, 133, 145
Parzate ..........................................144
Parzate C ......................................144
Pathclear .......................................109
Pattonex ........................................122
Paushamycin, Tech. ......................... 65
Payoff ............................................. 77
PCNB................................... 138-139
PCP ................................. 99, 100-102
PEBC ...........................................119
pebulate ........................................119
Penchlorol .....................................100
pendimethalin ...............................120
penetrants ....................... 118, 184, 193
Pennant .........................................119
Penncap-M .................................... 35
Penncozeb .....................................144
Pennstyl ......................................... 75
Penta .............................................100
Pentac ............................................ 56
pentachloronitrobenzene ....... 138-139
pentachlorophenol ............ 99, 103-104,



106, 139
Pentacon .......................................100
Pentagen .......................................138
Penwar ..........................................100
Peridex..........................................197
Permasect ....................................... 77
permethrin ........................... 77, 87-88
Perthrine ........................................ 77
Pestox XIV..................................... 35
Pestox XV ...................................... 35
petroleum distillates .......... 68, 192, 194
Phaltan ..........................................145
Pharmadine ...................................197
Pharorid ......................................... 76
phencapton .................................... 35
phenol(s) ......... 5-6, 40, 50, 65, 99, 185,



187, 195, 197, 202-203
Phenostat-A ..................................149
Phenthoate ..................................... 35
phenthoate ..................................... 35
Phentinoacetate .............................149
phenyl salicylate ............................145
phenylmercuric acetate ..................197
phenylmercuric nitrate ..................197
phenylphenol ................................197
Phisohex .......................................197
Phorate .......................................... 87
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phorate ...................................... 35, 87
phosalone ............................. 35-36, 46
Phosdrin ........................................ 35
phosfolan........................................ 35
phosmet ......................................... 35
phosphamidon ................................ 35
phosphine .............. 156, 158, 160-161,



163-165, 169, 174, 176, 181
phostebupirim ................................ 35
Phostoxin ......................................158
phostoxin ......................................160
Phosvel .......................................... 35
Phosvin .........................................173
phoxim .......................................... 35
phthalthrin ..................................... 77
Phytar 560 ............................. 127, 134
Pic-Clor ........................................157
picloram ........................................121
pindone .........................................170
pine oil ............. 5-6, 196-197, 205, 207
Pinene ...........................................121
pinene ...........................................205
piperonyl butoxide ........ 68-70, 184, 191
pirimicarb ...................................... 49
pirimiphos-ethyl ............................. 35
pirimiphos-methyl .......................... 35
Pirimor .......................................... 49
pival ..............................................170
pivaldione .....................................170
pivalyn ..........................................170
Plantomycin ................................... 65
Plictran .......................................... 75
PMAA ..........................................147
Poast .............................................120
Polybor 3 ....................................... 75
Polyram-Ultra ...............................140
Polytrin .......................................... 77
Pomarsol forte ...............................140
Pounce ........................................... 77
povidone-iodine ...... 197, 201-202, 207
Pramex........................................... 77
Pramitol 25E .................................121
Prebane .........................................121
Precor ............................................ 76
Preeglone ......................................109
Preglone ........................................109
Premerge 3 ....................................105
Prenfish .......................................... 64
Primatol ........................................121
Primatol M ...................................121
Primicid ......................................... 35
Primin ........................................... 49
Princep .........................................121
Pro-Gibb ........................................ 64
Pro-Gibb Plus ................................ 64



Proban ........................................... 35
Prodalumnol Double ............. 128, 133
Prodan ........................................... 75
profenofos ...................................... 35
profluralin .....................................120
Prokil ............................................. 75
Prolate ............................................ 35
Prolex ...........................................119
promecarb ...................................... 50
prometon ......................................121
Prometrex .....................................121
prometryn .....................................121
pronamide .....................................119
propachlor .....................................119
Propanex .......................................119
propanil .........................................119
propargite ......................... 6, 74, 85-86
propazine ......................................121
propetamphos ................................. 35
propionate .....................................147
propoxur ........................................ 50
propyl thiopyrophosphate ............... 35
propylene dichloride .....................157
prothoate ........................................ 35
Prowl ............................................120
Proxol ............................................ 35
Prozinex ........................................121
prussic acid ....................................157
Purivel ..........................................122
Pynamin ......................................... 76
Pynosect ......................................... 77
pyrazophos ..................................... 35
pyrethrins .............. 5-6, 68-69, 87, 191
pyrethroids ......... 5-6, 68, 74, 76, 87-88
pyrethrum ............................ 68-69, 73
pyridaphenthion ............................. 35



Q
Quickfos .......................................158
Quilan ..........................................120
quinalphos ...................................... 35
quinolinolate ......................... 145, 147
Quintox ........................................179
quintozene ....................................138



R
Rabon............................................ 35
Racumin .......................................170
Rad-E-Cate 25 ..................... 127, 134
Ramik...........................................170
Rampage.......................................179
Rampart ......................................... 35
Ramrod ........................................119
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Methylmercury:  Methylmercury:  
Epidemiology UpdateEpidemiology Update



Kathryn R. Mahaffey, Ph.D.Kathryn R. Mahaffey, Ph.D.
U.S. Environmental Protection AgencyU.S. Environmental Protection Agency



Washington D.C.Washington D.C.



Fish Forum Fish Forum –– San Diego San Diego -- 20042004



Reports in 2003/2004 . . .Reports in 2003/2004 . . .



19991999--2000 NHANES organic blood Hg2000 NHANES organic blood Hg
Close association with fish intake in 1999Close association with fish intake in 1999--
2000 NHANES examinees.2000 NHANES examinees.
Confirmation of cord blood [Hg] : adult Confirmation of cord blood [Hg] : adult 
blood [Hg] in Japanese.blood [Hg] in Japanese.
Estimate at least 300,000 newborns in US Estimate at least 300,000 newborns in US 
each year with in utero blood [Hg] greater each year with in utero blood [Hg] greater 
than 5.8 than 5.8 µµ/L./L.
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Reports in 2003/2004 (Reports in 2003/2004 (continuedcontinued) ) 



Seychelles cohort update.Seychelles cohort update.
MethylmercuryMethylmercury--associated adult neuroassociated adult neuro--
psychological changes at hair [Hg] < 50 psychological changes at hair [Hg] < 50 
ppm.ppm.
Distribution of omegaDistribution of omega--3 fatty acids (EPA 3 fatty acids (EPA 
and DHA) in fish and shellfish vs. [Hg] in and DHA) in fish and shellfish vs. [Hg] in 
fish and shellfish.fish and shellfish.



19991999--2000 NHANES Blood Mercury2000 NHANES Blood Mercury



Blood organic mercury (i.e., Blood organic mercury (i.e., 
methylmercury) among 1709 women of methylmercury) among 1709 women of 
childbearing age representative of US childbearing age representative of US 
population.population.
Overall, 9% of women consumed fish at Overall, 9% of women consumed fish at 
least once a week.  Fish consumption least once a week.  Fish consumption 
higher among women over age 30 and higher among women over age 30 and 
among Asians and people of “Island” among Asians and people of “Island” 
ethnicity.ethnicity.
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19991999--2000 NHANES Blood 2000 NHANES Blood 
Mercury Mercury 



Association: R = 0.5 to 0.6 between dietary total Association: R = 0.5 to 0.6 between dietary total 
mercury and blood organic mercury (Mahaffey et mercury and blood organic mercury (Mahaffey et 
al., 2003). al., 2003). 



Blood mercury concentrations were Blood mercury concentrations were 7 X higher 7 X higher 
among women who reported eating 9+  among women who reported eating 9+  
fish/shellfish meals within past 30 daysfish/shellfish meals within past 30 days (i.e., 2 or (i.e., 2 or 
more times per week) compared with women more times per week) compared with women 
who reported no fish/shellfish consumption in who reported no fish/shellfish consumption in 
the past 30 days (Mahaffey et al., 2003).the past 30 days (Mahaffey et al., 2003).



Methylmercury as a Percent of Total Blood Methylmercury as a Percent of Total Blood 
Mercury:  1999Mercury:  1999--2000 NHANES2000 NHANES



Adult Women of Childbearing AgeAdult Women of Childbearing Age
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Total Mercury Levels in Women,Total Mercury Levels in Women,
Aged 16Aged 16--4949



by Weekly Fish Consumption Levelsby Weekly Fish Consumption Levels
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Basis for Uncertainty Factor of 10 in the Basis for Uncertainty Factor of 10 in the 
Reference Dose forReference Dose for MethylmercuryMethylmercury
ThreeThree--foldfold for toxicokinetics:for toxicokinetics:
Basis for the UF of 10:Basis for the UF of 10:



Variability and uncertainty in estimating an ingested Variability and uncertainty in estimating an ingested 
mercury dose from cord blood mercury concentration.mercury dose from cord blood mercury concentration.



Cord:maternal ratio for blood [Hg] ranges from > 3 to less Cord:maternal ratio for blood [Hg] ranges from > 3 to less 
than 1.  Average ~ 1.7 to 1.8.  than 1.  Average ~ 1.7 to 1.8.  New Japanese data New Japanese data 
indicate ratio of 1.6 for cord : maternal pairs.indicate ratio of 1.6 for cord : maternal pairs.



ThreeThree--foldfold for toxicodynamics and for toxicodynamics and 
uncertainty.uncertainty.
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Estimated Number of Newborns with Estimated Number of Newborns with 
In UteroIn Utero Methylmercury Exposures >/= RfDMethylmercury Exposures >/= RfD



Number of US births in 2000: 4,058,814 (Number of US births in 2000: 4,058,814 (National Vital National Vital 
Statistics ReportsStatistics Reports).).



1 : 1 ratio of cord to maternal blood [Hg], i.e., 5.8 cord to 1 : 1 ratio of cord to maternal blood [Hg], i.e., 5.8 cord to 
5.8 maternal, 7.8% of women had total blood [Hg] >/= 5.8 maternal, 7.8% of women had total blood [Hg] >/= 
5.8, ~ 300,000 newborns each year > 5.8 ug/L (Mahaffey 5.8, ~ 300,000 newborns each year > 5.8 ug/L (Mahaffey 
et al., 2003).et al., 2003).



1.7 : 1 ratio of cord to maternal blood [Hg], i.e. 5.8 cord 1.7 : 1 ratio of cord to maternal blood [Hg], i.e. 5.8 cord 
to ~ 3.5 maternal, 15.7% of women had total blood [Hg] to ~ 3.5 maternal, 15.7% of women had total blood [Hg] 
>/= 3.5 ug/L, ~ 630,000 newborns each years >/= 5.8 >/= 3.5 ug/L, ~ 630,000 newborns each years >/= 5.8 
ug/L cord blood.ug/L cord blood. [[Note: this estimate is preliminary in nature, and is based on recently available 
information about mercury in umbilical cord blood versus maternal blood. This new information was presented as part of an 
ongoing scientific dialogue on how best to understand mercury exposures. EPA is still reviewing these new studies and their 
potential implications. This recalculation does not impact or change the established Reference Dose (RfD); rather this work 
focuses solely on an exposure estimate.]



2003/2004 Reports on Neuropsychological 2003/2004 Reports on Neuropsychological 
Evaluations of Methylmercury ToxicityEvaluations of Methylmercury Toxicity



Myers et al. 2003.Myers et al. 2003. Seychelles cohort update (Lancet).   Seychelles cohort update (Lancet).   
Continued to observe no adverse effects of Continued to observe no adverse effects of 
methylmercury exposure under the circumstances methylmercury exposure under the circumstances 
present in the Seychelles Islands.present in the Seychelles Islands.



Yokoo et al. 2003.Yokoo et al. 2003. Reduced function on tests of fine Reduced function on tests of fine 
motor speed and dexterity and on tests of verbal motor speed and dexterity and on tests of verbal 
memory among adult Amazonian villagers exposed to memory among adult Amazonian villagers exposed to 
methylmercury.methylmercury.



Beuter and Edwards, 2003Beuter and Edwards, 2003.  Cree Indians.  Additional .  Cree Indians.  Additional 
studies among adults showed difficulty with accuracy studies among adults showed difficulty with accuracy 
and sharpness of visual fixation and pursuit in dynamic and sharpness of visual fixation and pursuit in dynamic 
eye movements.eye movements.
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Emerging Question on Adult Neurotoxic Emerging Question on Adult Neurotoxic 
Effects of Methylmercury ExposuresEffects of Methylmercury Exposures



WHO proposed threshold for adult neurotoxicity WHO proposed threshold for adult neurotoxicity 
based on 5% prevalence of paresthesias at 50 based on 5% prevalence of paresthesias at 50 
ppm hair mercury (1990).ppm hair mercury (1990).



No physiological basis to assume there are no No physiological basis to assume there are no 
effects at lower exposureseffects at lower exposures



DoseDose--response at lower levels needs to be response at lower levels needs to be 
determined.determined.



Mercury and OmegaMercury and Omega--3 Fatty Acids3 Fatty Acids



In 2003 additional epidemiology data raised more In 2003 additional epidemiology data raised more 
interest in mercury as a cardiac toxin.interest in mercury as a cardiac toxin.



OmegaOmega--3 fatty acids in fish frequently cited as a 3 fatty acids in fish frequently cited as a 
health benefit of fish and shellfish intake.health benefit of fish and shellfish intake.



Key piece of information is that there are substantial Key piece of information is that there are substantial 
speciesspecies--specific differences in the distribution of specific differences in the distribution of 
mercury and of the omegamercury and of the omega--3 fatty acids.3 fatty acids.



Species high in mercury are not necessarily high in Species high in mercury are not necessarily high in 
omegaomega--3s and species high in omega3s and species high in omega--3s are not 3s are not 
necessarily higher in mercury.necessarily higher in mercury.
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Comparison of Mercury (ppm) and OmegaComparison of Mercury (ppm) and Omega--3 Fatty 3 Fatty 
Acid (g/100g) in Fish SpeciesAcid (g/100g) in Fish Species



High Mercury SpeciesHigh Mercury Species



TilefishTilefish:  1.6 Hg, 0.17 O:  1.6 Hg, 0.17 O--3s3s
SharkShark: 1.3 Hg, 0.07 O: 1.3 Hg, 0.07 O--3s3s
King MackerelKing Mackerel: 0.97Hg, : 0.97Hg, 



0.18 O0.18 O--3s3s
SwordfishSwordfish: 0.95 Hg, 0.58 : 0.95 Hg, 0.58 



OO--3s3s



High OmegaHigh Omega--3 Species3 Species



MackerelMackerel: 0.08 Hg, 3.61 O: 0.08 Hg, 3.61 O--
3s3s



SalmonSalmon--sockeye:sockeye: 0.03 Hg, 0.03 Hg, 
3.00 O3.00 O--3s3s



HerringHerring: 0.01 Hg, 2.34 O: 0.01 Hg, 2.34 O--
3s3s



Tuna, albacore:Tuna, albacore: 0.26 Hg, 0.26 Hg, 
2.33 O2.33 O--3s3s



Variation in Mercury and OmegaVariation in Mercury and Omega--3 Fatty 3 Fatty 
Acids in Fish and ShellfishAcids in Fish and Shellfish



Mercury concentrations range from <  0.02 ppm Hg Mercury concentrations range from <  0.02 ppm Hg 
in shellfish such as abalone to several ppm Hg in in shellfish such as abalone to several ppm Hg in 
large predatory fish.large predatory fish.



OmegaOmega--3 fatty acids (combined EPA and DHA) range 3 fatty acids (combined EPA and DHA) range 
from <  0.1 gram/100 grams of fish (e.g., shark from <  0.1 gram/100 grams of fish (e.g., shark 
species) to >  3.5 grams/100 grams of fish (mackerel species) to >  3.5 grams/100 grams of fish (mackerel 
species).species).



There is minimal association between the omegaThere is minimal association between the omega--3 3 
fatty acid concentration in the fish species and the fatty acid concentration in the fish species and the 
mercury concentration in the species.mercury concentration in the species.
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Upcoming MeetingUpcoming Meeting



Meeting on medical issues related to Meeting on medical issues related to 
mercury exposure.mercury exposure.
Orlando, FloridaOrlando, Florida
April April –– 20042004
Sponsored by US EPA and US HHS in Sponsored by US EPA and US HHS in 
conjunction with multiple medical conjunction with multiple medical 
associations.associations.
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findings focus on how, when, and why



nutrients and pesticides vary across the



Nation. This information is useful to help



anticipate, prioritize, and manage water-



quality conditions in different land uses



and environmental settings. In addition,



the findings point to several science-



based considerations for policies and



strategies designed to restore and protect



the quality of our most vulnerable waters.
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Do NAWQA findings
substantiate national
concerns?
NAWQA findings indicate that
streams and ground water in basins
with significant agricultural or urban
development, or with a mix of these
land uses, almost always contain
complex mixtures of nutrients and
pesticides. Concentrations of nitrogen
and phosphorus commonly exceed
levels that can contribute to excessive
plant growth in streams. For example,
average annual concentrations of
phosphorus in three-fourths of streams
in urban and agricultural areas were
greater than the U.S. Environmental
Protection Agency (USEPA) desired
goal for preventing nuisance plant
growth in streams. Nitrate generally
does not pose a health risk for
residents whose drinking water comes
from streams or from aquifers buried
relatively deep beneath the land.
Health risks increase in those aquifers
located in geologic settings, such as in



RELATIVE LEVEL OF CONTAMINATION



sand, gravel, or karst (weathered
carbonate rock), that enable rapid
movement of water. The most
prevalent nitrate contamination was
detected in shallow ground water (less
than 100 feet below land surface)
beneath agricultural and urban areas.
This finding raises potential concerns
for human health, particularly in rural
agricultural areas where shallow
ground water is used for domestic
water supply. Furthermore, high levels
of nitrate in shallow ground water may
serve as an early warning of possible
future contamination of older under-
lying ground water, which is commonly
a primary source for public water
supply.



At least one pesticide was found in
almost every water and fish sample
collected from streams and in more
than one-half of shallow wells
sampled in agricultural and urban
areas. Moreover, individual pesticides
seldom occurred alone. Almost every
sample from streams and about one-



half of samples from wells with a
detected pesticide contained two or
more pesticides. Concentrations of
individual pesticides in samples from
wells and as annual averages in
streams were almost always lower
than current USEPA drinking-water
standards and guidelines. Standards
and guidelines have been established
for 46 of the 83 pesticides and
breakdown products measured in
water. Effects of pesticides on aquatic
life, however, are a concern based on
U.S. and Canadian guidelines, which
have been established for 28 of the
pesticides measured. More than one-
half of agricultural and urban streams
sampled had concentrations of at least
one pesticide that exceeded a guideline
for the protection of aquatic life.



Potential risks to humans and
aquatic life implied by NAWQA
pesticide findings can be only partially
addressed by comparison to established
standards and guidelines. Many
pesticides and their breakdown



Nutrients and pesticides and their connection to land use
Relative levels of contamination are closely linked to land use and to the amounts and types of chemicals
used in each setting. Thus, local and regional management of chemical use can go a long way toward
improving water-quality conditions.



Currently used
insecticides



Historically used
insecticides



Streams



Urban Agricultural Undeveloped
areas areas areas



Nitrogen Medium Medium–High Low



Phosphorus Medium–High Medium–High Low



Herbicides Medium Low–High No data



Medium-High Low–Medium No data



Medium-High Low–High Low



Currently used
insecticides



Historically used
insecticides



          Shallow Ground Water



Urban Agricultural
areas areas



Nitrogen Medium High



Phosphorus Low Low



Herbicides Medium Medium–High



Low–Medium Low–Medium



Low-High Low-High
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products do not have standards or
guidelines, and current standards and
guidelines do not yet account for
exposure to mixtures and seasonal
pulses of high concentrations. In
addition, potential effects on
reproductive, nervous, and immune
systems, as well as on chemically
sensitive individuals, are not yet well
understood. For example, some of the
most frequently detected pesticides are
suspected endocrine disrupters that
have potential to affect reproduction or
development of aquatic organisms or
wildlife by interfering with natural
hormones.



Are seasonal and geographic
patterns evident and
important in determining
protection strategies?
Land and chemical use are not the sole
predictors of water quality. Concentra-
tions of nutrients and pesticides vary
considerably from season to season, as
well as among watersheds with
differing vulnerability to contamination.
Natural features, such as geology and
soils, and land-management practices,
such as tile drainage and irrigation, can
affect the movement of chemicals over
land or to aquifers and can thereby
exert local and regional controls on
water quality. Understanding the
national, regional, and local importance
of land and chemical use, natural
features, and management practices on
water quality increases the effectiveness
of policies designed to protect water
resources in diverse settings.



Seasonal patterns in water quality
of streams emerged in most basins.
The patterns reflect many factors, but
mainly the timing and amount of
chemical use, the frequency and



magnitude of runoff from rainstorms
or snowmelt, and specific land-
management practices, such as
irrigation and tile drainage. Concen-
trations of nutrients and pesticides are
highest during runoff following
chemical applications. The seasonal
nature of these factors dictate the
timing of elevated concentrations in
drinking-water sources and aquatic
habitats.



Natural features and land-
management practices make some
areas more vulnerable to contamina-
tion than other areas, thus, concentra-
tions of nutrients and pesticides can
vary among seemingly similar land
uses and types of chemical applications.
Patterns are most evident on a local
scale, but they also occur regionally
where similar natural features, land
use, and land-management practices
extend over broad areas. For example,
ground water underlying intensive
agriculture in parts of the Upper
Midwest is minimally contaminated
where it is protected by relatively
impermeable soils and glacial till that
cover much of the region. Tile drains
and ditches commonly provide quick
pathways for nutrient and pesticide
runoff to streams in this area. Another
example is in the Southeast, where
streams and ground water commonly
contain relatively low concentrations
of nitrogen, partly because soil and
hydrologic characteristics in this
region favor conversion to nitrogen
gas. In contrast, relatively high
nitrogen concentrations occur in
streams and shallow ground water in
the Central Valley of California and
parts of the Northwest, Great Plains,
and Mid-Atlantic regions because
natural characteristics favor transport
of nitrogen.



Is water quality getting better
or worse?



Water quality is constantly changing,
from season to season and from year
to year. Long-term trends are some-
times difficult to distinguish from
short-term fluctuations. For many
chemicals, it is too early to tell
whether conditions are getting better
or worse because historical data are
insufficient or too inconsistent to
measure trends. Despite these
challenges, some trends are evident
from monitoring of nutrients and
pesticides. These trends show that
changes in water quality over time
frequently are controlled by factors
similar to those that affect geographic
variability, including natural features,
chemical use, and management
practices. For example, concentrations
of the organochlorine insecticide DDT
have decreased in sediment and fish
since restrictions were imposed on its
production and distribution in the
1970s.



Changes in concentrations of
modern, short-lived pesticides also
follow changes in use; these changes
are often focused in specific regions
and land-use areas. For example,
increases in acetochlor and decreases
in alachlor are evident in some streams
in the Upper Midwest, where
acetochlor partially replaced alachlor
for control of weeds in corn and
soybeans beginning in 1994. The
changes in use are reflected quickly in
stream quality, generally within 1 to 2
years. In contrast, ground water
responds more slowly to changes in
chemical use or land-management
practices because of slower travel-
times. This response can be delayed by
years or decades.
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Water-quality patterns…
Some of the highest levels of nitrogen occur in streams and
ground water in agricultural areas
Applications of fertilizers, manure, and pesticides have degraded the quality of
streams and shallow ground water in agricultural areas and have resulted in
some of the highest concentrations of nitrogen measured in NAWQA studies.
Concentrations of nitrogen in nearly half of the streams sampled in agricultural
areas ranked among the highest of all streams measured in the first 20 Study
Units. Concentrations of nitrate exceeded the USEPA drinking-water standard of
10 milligrams per liter (as nitrogen) in 15 percent of samples collected in shallow
ground water beneath agricultural and urban land, signifying a possible concern
in some rural areas where shallow aquifers are used for drinking-water supply.



Phosphorus is elevated, too
Compared to nitrogen, a smaller proportion of phosphorus (originating mostly
from livestock wastes or fertilizers) was lost from watersheds to streams. The
annual amounts of total phosphorus and total nitrogen measured in agricultural
streams were equivalent to less than 20 percent of the phosphorus and less than
50 percent of the nitrogen that was applied annually to the land. This is
consistent with the general tendency of phosphorus to attach to soil particles and
move with runoff to surface water. Even with the lower losses from land for
phosphorus than for nitrogen, however, phosphorus is more likely to reach
concentrations that can cause excessive aquatic plant growth. Nitrogen
concentrations are rarely low enough to limit aquatic plant growth in freshwater,
whereas phosphorus concentrations can be low enough to limit such growth.
Hence, excessive aquatic plant growth and eutrophication in freshwater
generally result from elevated phosphorus concentrations (typically greater than
0.1 milligram per liter). In contrast, nitrogen is typically the limiting nutrient for
aquatic plant growth in saltwater and coastal waters.



Pesticides—primarily herbicides—are found frequently in
agricultural streams and shallow ground water
Extensive herbicide use in agricultural areas (accounting for about 70 percent of
total national use of pesticides) has resulted in widespread occurrence of
herbicides in agricultural streams and shallow ground water. The highest rates of
detection for the most heavily used herbicides—atrazine, metolachlor, alachlor,
and cyanazine—were found in streams and shallow ground water in agricultural
areas. Insecticides were frequently detected in some streams draining watersheds
with high insecticide use but were less frequently detected in shallow ground
water because most insecticides are applied at lower levels than herbicides and
tend to sorb onto soil or degrade quickly after application.



Transport of a chemical compound
in the environment depends on its
mobility. Some compounds, such as
nitrate and atrazine, readily dissolve
and move with water in both
streams and ground water. Many
forms of phosphorus, however,
attach to soil particles rather than
dissolve; a large proportion of such
compounds is transported to
streams with eroded soil, particularly
during times of high runoff from
precipitation or irrigation. Ground
water typically is not vulnerable to
contamination by compounds that
attach to soils.



The transport of a chemical
compound in the environment also
depends on its persistence. Some
pesticides are not readily broken
down by microorganisms or other
processes in the natural environ-
ment. For example, DDT and
chlordane can persist in soil, water,
sediment, and animal tissue for
years and even decades. Other
pesticides, such as carbaryl, are
relatively unstable in water and
break down to other compounds
in days or weeks. Chemical
compounds that persist for a long
time are likely to be transported
farther than compounds that are
short-lived.
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…in agricultural areas
Health effects of pesticides are not adequately understood
Concentrations of individual pesticides generally were low compared to USEPA
drinking-water standards and guidelines; pesticides exceeded standards or
guidelines in less than 1 percent of sampled wells. This good news, however, is
tempered by the current uncertainty in estimating risks of pesticide exposure.
For example, most contamination occurred as pesticide mixtures, such as
atrazine, metolachlor, and other pesticides, whereas most toxicity and exposure
assessments are based on controlled experiments with a single contaminant.
In addition, some breakdown products, for which there are no established
standards or guidelines, may have effects similar to their parent pesticides.
Finally, water-quality standards and guidelines have been established for only
about one-half of the pesticides measured in NAWQA water samples.



Aquatic life may be at more risk than human health
Effects on aquatic organisms may be greater than on humans in many
agricultural areas. Although there are no USEPA aquatic-life criteria for the
major herbicides, Canadian guidelines were exceeded at 17 of the 40
agricultural streams studied, most commonly for atrazine or cyanazine. Also,
currently used insecticides exceeded guidelines for aquatic life in at least one
water sample from 18 of the 40 agricultural streams. The major organochlorine
insecticides, such as DDT, dieldrin, and chlordane (which no longer are used but
remain widely detected in sediment and fish in agricultural streams) exceeded
recommended sediment-quality guidelines for protection of aquatic life at about
15 percent of agricultural sites.
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Water-quality patterns…
Insecticides typically were detected in urban areas,
sometimes at high concentrations
Urban areas, covering less than 5 percent of land in the continental United
States, traditionally have not been recognized as important contributors to
pesticide contamination, especially when compared to agricultural land, which
covers more than 50 percent of the United States. Findings in the first 20 Study
Units, however, show a widespread occurrence of some insecticides commonly
used around homes and gardens and in commercial and public areas. In fact,
these insecticides occurred at higher frequencies, and usually at higher
concentrations, in urban streams than in agricultural streams. Most common
were diazinon, carbaryl, chlorpyrifos, and malathion. As in agricultural areas,
insecticides were detected in ground water less frequently than in streams. Some
herbicides—including atrazine, simazine, and prometon, which are used to
control weeds in lawns and golf courses, and along roads and rights-of-way—
also occurred frequently in samples collected from streams and shallow ground
water in urban areas.



Concentrations of insecticides in urban streams commonly
exceeded guidelines for protection of aquatic life
Insecticides, which generally are more toxic to aquatic life than herbicides,
frequently exceeded USEPA, Canadian, or International Joint Commission
water-quality guidelines in urban streams. Almost every urban stream sampled
had concentrations of insecticides that exceeded at least one guideline, and most
had concentrations that exceeded a guideline in 10 to 40 percent of samples
collected throughout the year.



Urban streams had the highest frequencies of occurrence of
DDT, chlordane, and dieldrin in fish and sediment, and the
highest concentrations of chlordane and dieldrin
DDT is an insecticide that commonly was used in the United States until the
early 1970s to control insects on cropland and lawns and mosquitoes in
populated areas. Chlordane and aldrin (the parent compound that breaks down to
dieldrin) were used widely until the late 1980s to control termites. Since the use
of DDT was restricted, concentrations have decreased in sediment in urban
areas, as indicated by sediment-core samples from urban reservoirs and lakes.
Similar declines are not yet evident in concentrations of chlordane and dieldrin
in sediment, most likely because of their continued use into the late 1980s.
Despite downward trends in some areas, organochlorine insecticides commonly
are found at elevated levels in bed sediment and fish in urban streams. Sediment-
quality guidelines for protection of aquatic life were exceeded at nearly 40
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…in urban areas
percent of urban sites, and concentrations in whole fish exceeded guidelines for
protection of wildlife at 20 percent of urban sites. Although most urban streams
are not used for drinking water, the frequent occurrence of insecticides in water,
sediment, and fish is a potential concern for recreational use and for fish
consumption.



Complex mixtures of pesticides commonly occur in urban
streams
Similar to agricultural pesticides, urban pesticides commonly occurred in
mixtures. More than 10 percent of urban stream samples contained a mixture of
the insecticides diazinon and chlorpyrifos, along with at least four herbicides.
Two of the most common herbicides in these mixtures were simazine and
prometon.



Concentrations of phosphorus were elevated in urban streams
Concentrations of total phosphorus in streams generally were higher in urban
areas than in agricultural areas; concentrations commonly exceeded the USEPA
desired goal (0.1 milligram per liter) to control excessive growth of algae and
other nuisance plants in streams. Elevated concentrations of phosphorus are, in
part, due to effluent from wastewater treatment plants, despite some long-term
decreases in phosphorus resulting from improved treatment technology. The
highest concentrations of total phosphorus were in streams in semiarid western
and southwestern cities, where discharges from wastewater treatment plants may
account for a significant proportion of streamflow. Concentrations of
phosphorus also were high in urban areas in the East.



Nitrogen levels have remained nearly unchanged in rivers
downstream from wastewater treatment plants
Although NAWQA focused mostly on nonpoint sources of nutrients,
sampling of some rivers downstream from wastewater treatment plants showed
that total nitrogen levels have remained nearly stable since the 1970s.
Improvements in wastewater treatment have kept pace with urban population
growth in major metropolitan areas. However, wastewater treatment has resulted
in changes in the forms of nitrogen in the water; specifically, nitrogen in the
form of ammonia commonly is converted to nitrate during the treatment process.
The conversion makes the discharge less toxic to fish, but it may not help to
resolve problems with excessive growth of algae.



Kevin F. Dennehy
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Water quality patterns…
Contamination of major aquifers is largely controlled by
hydrology and land use
Concentrations of nutrients and pesticides in 33 major aquifers generally were
lower than those in shallow ground water underlying agricultural and urban
areas. Water that replenishes the major aquifers is derived from a variety of
sources and land-use settings, and includes high-quality water from undeveloped
lands. In addition, deeper aquifers generally are more protected than shallow
ground water by relatively impermeable materials. Contaminants are most
prevalent in major aquifers located in vulnerable geologic settings that allow
rapid vertical movement of water from the shallow ground-water system. For
example, in 4 of 33 major drinking-water aquifers sampled, the USEPA
drinking-water standard for nitrate was exceeded in more than 15 percent of
samples collected. All four aquifers are relatively shallow, in agricultural areas,
and composed of sand and gravel that is vulnerable to contamination by land
application of fertilizers. Water in one-third of wells sampled in major aquifers
contained one or more pesticides, but only one well had a pesticide (atrazine)
concentration that exceeded a drinking-water standard.



Hydrology and land use also are major factors controlling
nutrient and pesticide concentrations in major rivers
Concentrations of nutrients and pesticides in major rivers reflect the proportion
of urban and agricultural land in the drainage basin. River basins with large
proportions of agricultural and (or) urban land had concentrations of nutrients
and pesticides that were similar to those in smaller agricultural and urban
streams. The greatest variety of pesticides occurred in basins draining both
agricultural and urban land. Concentrations of nutrients and pesticides were
moderate in major rivers draining mixed land uses because of dilution by water
from undeveloped areas. None of the major rivers exceeded drinking-water
standards or guidelines, although the consistent presence of pesticide mixtures
remains a concern. Guidelines for the protection of aquatic life were exceeded in
water at 36 percent of river sites sampled for currently used pesticides.
Sediment-quality guidelines were exceeded at 11 percent of sites for DDT and
other historically used insecticides, whereas concentrations of these compounds
in whole fish exceeded guidelines for the protection of fish-eating wildlife at 24
percent of sites.



Key factors include soils and slope of land
Key factors governing vulnerability of surface water to contamination include
the type of soil and slope of the land, both of which help to control the amount
and timing runoff. Streams in basins with poorly drained clayey soils, steep
slopes, and sparse vegetation generally are most vulnerable to contamination.



Concentrations of nutrients and
pesticides generally are higher and
more prevalent in streams than in
ground water; however, indications
of emerging ground-water contami-
nation are important because
ground-water contamination is
difficult to reverse. Ground-water
flow rates are slow, and a contami-
nated aquifer can take years or
even decades to recover.
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1 These findings are based on general reviews of nutrient studies in agricultural and urban
areas and do not necessarily indicate influences on specific forms of nitrogen or phosphorus.



High rainfall, snowmelt, and (or) excessive irrigation, especially
following recent fertilizer application



Well-drained and permeable soils that are underlain by sand and
gravel or karst, which enable rapid downward movement of water



Areas where crop-management practices slow runoff and allow more
time for water to infiltrate into the ground



Low organic matter content and high levels of dissolved oxygen, which
can minimize chemical transformations of nitrate to other forms



High rainfall, snowmelt, and (or) excessive irrigation, especially
following recent fertilizer application



Steeply sloping areas with insufficient vegetation to slow runoff and
sediment, or flat areas with artificial drains and ditches, which provide
quick pathways for runoff to streams



Clayey and compacted soils underlain by poorly drained sediment and
(or) nonporous bedrock, or extensive urban pavement, all of which
create relatively impermeable surfaces for runoff



…in areas with mixed land use and a range
of hydrologic and environmental settings



INCREASING POTENTIAL for nitrogen and phosphorus to enter streams…1



INCREASING POTENTIAL for nitrate to enter ground water…



Tile drains and urban pavement also accelerate flow to streams. In contrast, shallow ground water is most
vulnerable to contamination in well-drained areas with rapid infiltration and highly permeable subsurface
materials. Crop-management practices, which commonly are designed to reduce or slow the movement of
sediment, nutrients, and pesticides to streams, also can increase infiltration of water and contaminants into
the ground.
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The Missouri Department of Natural Resources,
Division of Environmental Quality, has incorporated
NAWQA stream-quality data into their database for
statewide 305 (b) water-quality standards compliance
monitoring. The Division will use these data to identify
and prioritize problems, direct management, and
assist in natural resource management, including the
development of Total Maximum Daily Loads (TMDLs).



❶❶



❷❷



❸❸



❹❹



NAWQA FINDINGS on nutrients and pesticides suggest key
science-based considerations for policies and strategies
designed to restore and protect water quality.
Reductions of nutrient and (or) pesticide concentrations in streams and ground
water clearly require management strategies that focus on reducing chemical use
and subsequent transport in the hydrologic system. For these strategies to be
effective, they should be developed with careful consideration of the patterns
and complexities of contaminant occurrence, behavior, and influences on water
quality. For example, concentrations of nutrients and pesticides vary from
season to season, as well as among watersheds with differing vulnerability to
contamination. These, and other patterns and complexities, frame four basic
considerations that are critical for managing and protecting water resources in
diverse settings across the Nation.



First, local and regional management strategies are needed to account for
geographic patterns in land use, chemical use, and natural factors, which govern
hydrologic behavior and vulnerability to contamination. Second, nutrients and
pesticides are readily transported among surface water, ground water, and the
atmosphere and, therefore, environmental policies that simultaneously address
the entire hydrologic system are needed to protect water quality. Third, a top
priority should be to reduce the uncertainty in estimates of the risks of pesticides
and other contaminants to humans and aquatic life. This will require improved
information on the nature of exposure and effects, and development of
standards, guidelines, and monitoring programs that address the many
complexities in contaminant occurrence. For example, neither current standards
and guidelines nor associated monitoring programs, particularly with regard to
pesticides, account for contamination that occurs as mixtures of various parent
compounds and degradation products, or that is characterized by lengthy periods
of low concentrations punctuated by brief, seasonal periods of higher
concentrations. Finally, continued development of reliable predictive models is
an essential element of cost-effective strategies to anticipate and manage nutrient
and pesticide concentrations over a wide range of possible circumstances, over
broad regions, and for the long term.



An understanding of these considerations will help water managers and
policy makers in their implementation of environmental control and protection
strategies, in investments in monitoring and science, and in the development of
future environmental policies, standards, and guidelines. Such information
should help guide answers to frequently asked questions, such as the following:
How can we prioritize assessments and monitoring of nutrients and pesticides?
What should we consider in the development of source-water protection
programs and Total Maximum Daily Loads (TMDLs)? How often should we
monitor nutrients and pesticides? Are certain times of year more critical than
other times? How much and when does ground water contribute to streams?



Specific science-based considerations
in this section are organized into four
categories:



Local and regional management
strategies are needed to account for
geographic patterns in land use,
chemical use, and natural factors.



Development of environmental
policies must consider the entire
hydrologic system and its complex-
ities, including surface-water/
ground-water interactions and
atmospheric contributions.



Water-quality standards, guidelines,
and monitoring programs should
reflect environmental conditions,
including seasonal variations and
contaminant mixtures.



Reliable predictive models are
required to cost effectively estimate
water-quality conditions that can not
be directly measured for a wide
range of possible circumstances.



Ja
m



es
 C



. P
et



er
se



n











15



❶ Local and regional management strategies are needed
to account for geographic patterns in land use,
chemical use, and natural factors.



NAWQA data and activities laid the framework for developing maps showing the
vulnerability of ground water to contamination by the widely used herbicide atrazine
(see, for example, p. 72). These maps are being used by the Idaho State Department of
Agriculture to develop its State Pesticide Management Plan.



The Pennsylvania Department of Agriculture,
in developing its State Pesticides and
Ground-Water Strategy, has decided to
prioritize ground-water areas for assess-
ments of pesticides on the basis of NAWQA
vulnerability concepts, pesticide analyses,
and quality-assurance protocols.
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Level of needed protection increases with increasing amounts
of agricultural and urban land
Concentrations of nutrients and pesticides in streams and shallow ground water
generally increase with increasing amounts of agricultural and urban land in a
watershed. This relation results because chemical use increases and less water is
available from undeveloped lands to dilute the chemicals originating from
agricultural and urban lands. In Willamette Basin streams during high spring
streamflow following fertilizer application, concentrations of nitrate increased
proportionately (from less than 1 up to 10 milligrams per liter) with increasing
drainage area in agriculture (from about 0 to nearly 100 percent). Concentrations
of nutrients also were found to increase with the percentage of drainage areas in
agriculture for watersheds in the Ozark Plateaus, Potomac River Basin, and
Trinity River Basin. This relation is evident not only within small watersheds but
also regionally where agricultural land and chemical use extend over broad
areas. For example, intensive herbicide and fertilizer use in the Upper Midwest
have resulted in some of the highest concentrations of atrazine collected in
stream samples across the Nation. Management strategies that are successful in
reducing use and transport of this herbicide could lead to regional improvements
in water quality.



The Washington State Department of Ecology
recently has created a Ground Water Management
Area (GWMA) to protect ground water from nitrate
contamination.  The GWMA covers Grant, Franklin,
and Adams Counties, located in an intensive
agricultural region of the Central Columbia Plateau.
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Shallow ground water used for domestic supply near
agricultural settings requires special consideration
Shallow ground water (less than 100
feet below land surface) in or adjacent
to agricultural land use requires
special consideration, particularly in
rural areas where it may be used for
domestic supply. The proximity to
land surface and the level of human
activity increase the vulnerability of
this resource to contamination.
Homeowners usually are not aware of
potential risks because domestic wells
are not monitored regularly, as is required by the Safe Drinking Water Act for
large public-supply wells. In addition, many homeowners in recently established
residential areas that rely on domestic wells for drinking water are not aware
that chemicals leached from previously farmed land can remain in the shallow
ground water for decades as a result of its slow movement.



Level of protection needed in major aquifers varies with
vulnerability to contamination
Varied geologic settings result in differences in vulnerability to contamination in
deep major aquifers. Recognition of this can help tailor and target the
appropriate level of protection and monitoring to the major aquifers of most
concern, as required in the Safe Drinking Water Act source-water and drinking-
water programs and in nutrient- and pesticide-management plans.



The most extensive environmental control strategies and monitoring should
be considered in major aquifers in vulnerable geologic settings that allow rapid
influx and vertical mixing of water from shallow ground-water systems. Such
systems include sand and gravel aquifers or alluvial fans, particularly those that
are heavily pumped for irrigation and public water supply, as well as karst
settings that provide open conduits for relatively rapid downward movement of
water. Equally important to consider are possible connections to deep parts of
the aquifer through poorly constructed or improperly sealed wells that allow
surface water to travel quickly down the outside of well casings.



In general, extensive environmental control strategies and monitoring are less
critical for most deep aquifers when compared to shallow ground water in
similar land-use settings. Water in major aquifers generally is buried and
protected deep beneath the land surface. Frequent sampling is not needed
because the quality of deep ground water in these aquifers is minimally affected



Concentrations of nitrate in major aquifers in the Lower
Susquehanna River Basin are highest in agricultural
areas in karst settings. In almost one-half of the
samples, concentrations exceeded 10 milligrams per
liter, the drinking-water standard for nitrate.
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Concentrations of nitrate in water from major aquifers
in the Rio Grande Valley were less than 2 milligrams
per liter, indicating that movement of shallow ground
water into the deeper parts of the aquifer is minimal.
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by seasonal events. Spatially intensive sampling generally is not needed because
variations in water quality over short distances are small. Water in deep aquifers
generally flows along deep and long paths that integrate water quality over large
areas for extended periods, sometimes for centuries.



Even in relatively protected settings, major aquifers require some level of
consideration to support long-term prevention from contamination. Ground
water at all depths is part of an integrated system and can never fully escape
future contamination as water moves downward from shallow systems. Future
contamination in deep major aquifers could pose serious concerns because these
aquifers commonly are used for public water supply and because restoration of
the quality of this relatively inaccessible and slow-moving water would be costly
and difficult.



Streams are more vulnerable to contamination than shallow
ground water in areas that are extensively tile drained and
ditched
Tile drains and ditches “short circuit” the ground-water system by intercepting
soil water and shallow ground water and rapidly transporting it to streams. Tiling
and ditching are commonly used to drain clayey glacial sediment in parts of the
Midwest and organic, clayey Coastal Plain sediment in the Southeast. Streams in
these areas can have elevated concentrations of agricultural chemicals because
of outflow from drains and ditches. Seepage into the ground is minimized,
resulting in lower concentrations of chemicals in ground water. An awareness of
these conditions can help tailor the appropriate level of management and
protection to streams in these areas.



Small streams are more vulnerable to rapid and intense
contamination than are larger rivers
Hydrologic and basin characteristics, including size
of the basin and amount of streamflow, affect the
timing of and magnitude of exposure to contami-
nants in the environment. Small streams respond
quickly to rainfall or irrigation and, therefore, pulses
of contaminants reach higher concentrations and rise
and fall more quickly than in larger rivers. In
contrast, larger rivers generally have more moderate
levels of contaminants, but for longer durations.
Recognition of these differences can help target the
appropriate timing and degree of management and
protection for different types of streams.



Concentrations of atrazine were
10 times higher and increased
more rapidly in Canajoharie Creek
than in the Mohawk River
following Summer 1994 storms in
the Hudson River Basin. The
Mohawk River receives water not
only from Canajoharie Creek but
also from other tributaries
draining a mix of land uses.



Mohawk River at Cohoes,
New York



Canajoharie Creek near 
Canajoharie, New York
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Measurements of streamflow, in combination with
water-quality samples, are needed to fully assess the
amount of material transported by a stream to
receiving bodies, such as estuarine or coastal waters.



Development of environmental policies must consider
the entire hydrologic system and its complexities,
including surface-water/ground-water interactions and
atmospheric contributions.



Effects of contaminants on the aquatic environment depend on
surface-water flow
Contaminants and their potential effects on the environment vary throughout the
year and largely depend on the amount of water flowing in a stream. Frequent
monitoring is needed to characterize variations in contaminants, such as those
that occur between low and high flows. Measurements of streamflow during
these different conditions, in combination with water-quality samples, are
needed to fully assess the amounts of contaminants transported by a stream
throughout the year to a receiving body, such as an estuary. This information,
particularly over the long term, is critical for developing TMDLs for streams and
for assessing the potential effects of contaminants on the health and aquatic life
of receiving waters.



Ground water can be a major nonpoint contributor of nutrients
and pesticides to streams
Historically, ground water has been overlooked as a major nonpoint contributor
of contaminants to streams and coastal waters. Ground-water issues for water
managers, however, continue to grow in importance in many parts of the Nation.
For example, more than one-half of the water and nutrients that enter Chesapeake
Bay first travel through the ground-water system.(3) Consideration of ground-
water contributions is needed in water-resource programs, such as State
programs designed to establish TMDLs in streams. Exclusion of ground water
may prevent a full accounting of all available sources and may limit the
effectiveness that TMDLs could have in future stream restoration and protection.
Consideration of ground water also may be needed to ultimately reach Clean
Water Act goals for fishable, swimmable, and drinkable waters.



The significance of ground water varies with local differences in geology and
soils. Ground-water contributions to streams are most significant in geologic
settings that allow rapid exchange between ground- and surface-water systems.
Areas underlain by karst or by permeable and well-drained sediment can
undergo relatively rapid, even seasonal, exchanges of water and contaminants.
As seen in agricultural areas of the Platte River Valley in Central Nebraska, high
concentrations of contaminants in streams commonly seep into shallow ground
water following spring applications when river flows are high. In contrast,
contaminants in aquifers can flow into adjoining streams during periods of low
streamflow, such as noted in the Suwannee River in Florida.
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In some areas, concentrations of
contaminants may decrease as water
is exchanged between streams and
aquifers. For example, nitrate
concentrations in about one-half of
wells sampled near the South Platte
River in Colorado exceeded the
drinking-water standard. Ground water
contributes a substantial amount of
flow to the river in this area, but
concentrations in the river were much
lower than in the ground water
because bacteria removed the nitrate
as the ground water passed through the
organic-rich streambed sediment.



Atmospheric contributions
can be significant, too
The atmosphere can be a major source of nitrogen and pesticides. More than
3 million tons of nitrogen are deposited in the United States each year from the
atmosphere, derived either naturally from chemical reactions or from the
combustion of fossil fuels, such as coal and gasoline. The highest contributions
of nitrogen from the atmosphere occur in a broad band from the Upper Midwest
through the Northeast. Recent studies have shown that as much as 25 percent of
the nitrogen entering Chesapeake Bay comes from the atmosphere.(4)



Nearly every pesticide that has been investigated has been detected in air,
rain, snow, or fog throughout the country at different times of year. Annual
average concentrations in air and rain are generally low, although elevated
concentrations can occur during periods of high use, usually in spring and
summer months. Several instances have been recorded in which concentrations
in rain have exceeded drinking-water standards for atrazine, alachlor, and 2,4-D.(5)



Atmospheric contributions are most likely to affect stream quality during
periods when direct precipitation and surface runoff are the major sources of
streamflow.



The atmosphere is an important part of the hydrologic cycle that can transport
nutrients and pesticides from their point of application and deposit them outside
the area or basin of interest. Consideration of atmospheric contributions is critical
for effective management of water resources. Because atmospheric transport can
cross State boundaries, full implementation of watershed-management strategies
may require State and (or) regional involvement.



During low-flow conditions, when inflow to a 33-mile reach of the Suwannee
River, Florida, is entirely from springs and other ground water, the daily load of
nitrate transported in this reach nearly doubled.
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Water-quality standards, guidelines, and monitoring
programs should reflect environmental conditions,
including seasonal variations and contaminant
mixtures.



Pesticide breakdown products and contaminant mixtures
present new challenges for understanding health and
environmental effects of pesticides
Pesticides break down to other compounds over time in the natural environment.
Little is known about the occurrence of breakdown products, or their possible
health and environmental effects. Frequent detections of some breakdown
products, however, indicate the need for their consideration in the development
of water-quality standards and monitoring strategies. For example, the herbicide
atrazine commonly breaks down to DEA (deethylatrazine) and other products,
both in streams and ground water; atrazine and DEA were detected together in
more than 25 percent of ground-water samples in the first 20 Study Units.
Water samples without detectable parent compounds, seemingly indicating no
contamination, may merely reflect chemical transformations to other compounds.
In fact, studies have shown that the parent compounds metolachlor, dacthal,
alachlor, and cyanazine are often less commonly found in ground-water samples
than their breakdown products.(6,34)



Mixtures of contaminants also require special consideration in assessing
possible health and environmental effects, and thus in developing and improving
water-quality standards. More than one-half of all stream samples contained five
or more pesticides, and nearly one-quarter of ground-water samples contained
two or more. These mixtures of pesticide parent compounds also occur with
breakdown products and other contaminants, such as nitrate. Continued research
is needed to help reduce the current uncertainty in estimating risks from
commonly occurring mixtures. As improved information is accumulated, the
occurrence of contaminant mixtures should be considered when developing
water-quality standards and monitoring requirements.



Some widely detected pesticides are not recognized in
drinking-water monitoring requirements
New pesticides are introduced each year. It is often difficult to predict their
behavior in the environment from laboratory experiments and to establish the
appropriate level of monitoring needed to measure their occurrence. Designing
appropriate monitoring programs for pesticides will, therefore, continue to be a
dynamic process, continually evolving as new information is collected.



As an example, several pesticides that currently are not recognized on the
USEPA Contaminant Candidate List were detected frequently in the first 20



The New York State Department of Environmental
Conservation is applying NAWQA pesticide
information and monitoring protocols in its statewide
pesticide monitoring. The NAWQA data represent a
broader array of analyses and lower detection limits
than data previously available. The collaborative
effort was sparked by public concerns over
pesticides in New York State waters and their
possible relation to the incidence of breast cancer.



❸



Ka
re



n 
Ri



va
-M



ur
ra



y











21



Surface runoff in agricultural areas can carry eroded
sediment and attached chemicals, such as DDT, to
streams during periods of heavy irrigation and (or)
precipitation.



Study Units. The USEPA is working with the USGS to target several of these
pesticides for occurrence monitoring and guidance, including health advisories,
as required by the Safe Drinking Water Act. Pesticides that were commonly
detected in NAWQA analyses in the first 20 Study Units but that are not
currently on the contaminant list are the herbicides 2,4-D and tebuthiuron and the
insecticides carbaryl, malathion, and chlorpyrifos. Although not as frequently
detected in the first 20 Study Units, the herbicide acetochlor, a probable human
carcinogen approved for use in 1994, also is not on the list.



Seasonal patterns dictate the timing of high concentrations in
drinking-water supplies and aquatic habitats
The vulnerability to contamination of streams and ground water can differ
seasonally. Increased monitoring and special management of water-supply
sources may be needed during high-flow conditions and periods of agricultural
chemical applications. The temporary use of ground-water sources of supply—
if they have been developed and are available—might be considered as an
alternative to surface-water sources to decrease the potential for not meeting
drinking-water standards or aquatic-life criteria during such periods.



Concentrations of nutrients and some pesticides in streams draining
agricultural areas commonly are higher during spring and summer months than
during the rest of the year. Chemicals generally are transported shortly after
application during high-flow conditions that result from spring rains, snowmelt,
and (or) irrigation. Heavy irrigation runoff, which commonly carries high
concentrations of nutrients and pesticides, is of special concern in the western
part of the Nation (such as in the Trinity River Basin, San Joaquin-Tulare
Basins, Rio Grande Valley, and Central Columbia Plateau) because such runoff
can account for the majority of streamflow.



In other parts of the Nation, patterns can be different. For example,
concentrations of diazinon in streams in the San Joaquin-Tulare Basins are high
during winter because of high rainfall and use of dormant sprays on orchards.
Differences in patterns also result from local water-management practices,
including the timing of reservoir storage and water use. Seasonal patterns must
be characterized and understood for each watershed because they dictate the
timing of the highest concentrations in drinking-water supplies and aquatic
habitats.
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Monitoring during storms is needed to track peak inputs of
contaminants to streams
Excessive amounts of contaminants can enter streams during storms and can
have overriding effects on the quality of streams and the respective receiving
bodies, such as estuarine or coastal waters. High flows in the Susquehanna,
Potomac, and James Rivers during January 1996, for example, carried nearly
one-half of the phosphorus and one-quarter of the nitrogen that typically is
transported to the Chesapeake Bay in an average year.(7) Fortunately, this flood
occurred in winter, a time when grasses and many living organisms were
dormant and when farmland, rich in nutrients, was frozen. Effects, such as
increased algal growth and low levels of dissolved oxygen from subsequent algal
decay, could have been much greater if the flood had occurred in spring or
summer. Without monitoring information during major hydrologic events, a full
accounting of nutrients and pesticides transported by streams is incomplete, and
a full understanding of the effects of these contaminants on the health and living
resources of receiving waters, such as the Chesapeake Bay, is restricted.



Major events affecting streams used for drinking-water purposes may require intensified
monitoring during peak fertilizer- and pesticide-application periods. As an example, the
Potomac River at Washington, D.C., carried an estimated 3,300 pounds of the herbicide
atrazine and 3.3 million pounds of nitrogen in 5 days during a flood in June 1996. On two
consecutive days following the storm, atrazine was measured at concentrations greater
than the drinking-water standard of  3 micrograms per liter.
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Considerations in monitoring the effectiveness of conservation
buffers
Conservation buffers are small areas or strips of vegetation designed to mitigate
the movement of sediment, nutrients, and pesticides within and from farm fields.
They are supported by the U.S. Department of Agriculture (USDA) Farm Bill
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and many conservation programs, such as the Conservation Reserve Program,
Environmental Quality Incentives Program, and the Stewardship Incentives
Program. The USDA goal is to help landowners install 2 million miles of
conservation buffers by the year 2002.(8)



There are two considerations in monitoring the
effectiveness of conservation buffers. The first
consideration relates to tracking ground-water quality.
In some areas, slowing the transport of runoff to streams
by use of conservation buffers can increase infiltration of
water and contaminants into the ground. As shown by the
USGS in the Delmarva Peninsula, a pilot NAWQA study
initiated in the mid-1980s, the transport and fate of these
contaminants in the ground is variable, depending on soil
and aquifer composition, topography, and rates and
pathways of ground-water flow.(9) Monitoring of ground-
water quality might, therefore, be beneficial to fully assess
potential effects of conservation strategies.



The second consideration relates to time of year and its
implications on tracking stream quality. The effectiveness
of conservation buffers on stream quality is likely to be
most evident when streamflow is dominated by runoff
from rainfall, snowmelt, and (or) irrigation following
chemical applications. Their effectiveness is likely to be
less evident during low-flow conditions, when most of the
streamflow is from ground-water discharge.



Long-term monitoring may be needed to
evaluate the effectiveness of crop-
management practices
Long-term monitoring may be needed to evaluate the effectiveness of some
environmental control strategies, such as crop-management practices, because
of the slow rate of ground-water flow and the time lag between adoption of
practices and improvement of water quality. As demonstrated in the San Joaquin-
Tulare Basins, shallow ground water below farmland will improve first,
sometimes in several years or less. Decades may pass, however, before water
quality improves in deeper aquifers.



A time lag between adoption of crop-management practices and
improvement of water quality also can occur for streams. Because ground water
containing elevated concentrations of nutrients and pesticides can discharge to
surface water, enhancement of stream quality also could lag changes in
agricultural practices by years or decades.



Vegetation along waterways can help slow surface runoff and movement of
nutrients, pesticides, and sediment within and from farm fields and can improve
stream quality.
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Progress in water-quality improvement, especially in
ground water, may not be evident for years after
farmers change their land-management practices
because of slow ground-water movement.



Consistent and systematic information is needed over the long
term to measure local, regional, and national trends



For many chemicals, it is too early to assess trends because historical data are
insufficient or inconsistent. Some trends have emerged, however, from
monitoring nutrients and pesticides; they show that changes in water quality
over time are controlled largely by soils, geology, and other natural features, and
by changes in chemical use and management practices. For example, concentrations
of phosphorus and ammonia have decreased in rivers downstream from
wastewater treatment plants since the 1970s because of improved treatment
technology. Concentrations of organochlorine insecticides have been reduced in
sediment and fish since restrictions on production and distribution of these
pesticides in the 1970s and 1980s.



Changes in concentrations of modern, short-lived pesticides follow changes in
use and tend to be focused in specific regions and land-use areas. For example,
increases in acetochlor and decreases in alachlor are evident in some streams in
the Upper Midwest, where acetochlor began replacing alachlor for control of
weeds in corn and soybeans in 1994. The changes in use are reflected in stream
quality relatively quickly, generally within 1 to 2 years.



In contrast, ground-water quality responds more slowly to changes in chemical
use or adoption of land-management practices, typically lagging by several years
and even decades. Local variations in natural features, such as soil types and
amounts of recharge, can result in variable rates of ground-water flow, which
thereby affect long-term responses to land-management practices. For example,
concentrations of nitrate decreased significantly (from about 18 milligrams per
liter in the mid-1980s to less than 2 milligrams per liter in the mid-1990s) in
ground water underlying parts of the Central Platte Natural Resources District,
Nebraska, after implementation of fertilizer management strategies. Yet, despite
implementation of the strategies, the response has been delayed in other parts of
the District because of differences in local features controlling ground-water flow.
Specifically, concentrations of nitrate remained greater than two times the USEPA
drinking-water standard in nearly one-fourth of wells in one area sampled by the
District in the mid-1990s.



Systematic and consistent monitoring over the long term is essential at local,
State, and national levels. Such monitoring will help water managers and policy
makers to evaluate how well local and regional environmental controls are
working and to choose the most cost-effective resource strategies for the future.
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Reliable predictive models are required to cost
effectively estimate water-quality conditions that
can not be directly measured for a wide range of
possible circumstances.



Effective strategies for managing nutrients and pesticides, as well as related
water-quality issues, require far more information than we can afford to
directly measure for the full range of places and times that are important.
Moreover, many management problems, ranging from deciding how much
to spend on a management strategy to approving a pesticide for use, are
inherently related to predicting potential effects on water quality. Models
and other methods can be useful for predicting water-quality conditions
over a wide range of possible circumstances and are essential for
improving water-quality management over broad regions.



NAWQA findings are beginning to play an important role in model
development and validation, and an increased emphasis of explanatory and
predictive modeling is planned for the second cycle of investigation in each
Study Unit. Early examples are the estimation of ground-water vulnerability
to atrazine contamination in the Upper Snake River Basin (p. 72) and to
nitrate contamination in the Puget Sound Basin (see sidebar). In addition,
ground-water vulnerability to nitrate contamination also was assessed at the
national scale (p. 51). Although not directly predicting an outcome, these
analyses use correlations to rank the likelihood and risk of contamination.



One of the most important roles that NAWQA can fulfill in working
with water-management agencies is to provide systematic, high-quality
data that can be used to develop and test predictive models for hydrologic
systems throughout the Nation. The USEPA, for example, is using
NAWQA pesticide data to test the reliability of models now being used to
predict possible pesticide occurrence in streams and reservoirs. Water-
quality models have been in use for many years, but their utility depends on
their reliability for representing actual conditions. Without demonstrated
reliability based on comparisons to measured conditions, confidence in a
model is difficult to attain, and the usefulness of the model in decision
making, especially in controversial situations, is limited.



As NAWQA studies progress from an emphasis on assessing and
documenting water-quality conditions and cause-and-effect factors (during
the first cycle of investigation) to an emphasis on a more detailed
understanding of the most critical processes controlling water quality
(during the second cycle), the development of predictive models will
continue to  grow and play a more vital role in both analysis and water-
management applications.
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Predicting ground-water vulnerability to
nitrate contamination



A statistical model was created to predict
the vulnerability of ground water to nitrate
contamination from human activities in
urban and agricultural areas in the Puget
Sound Basin, Washington.(10) Factors that
were used to predict the risk of contami-
nation were well depth, surficial geology,
and the percentage of agricultural and
urban land use within a 2-mile radius of
the well. Results from risk models provide
managers with tools for guiding future
land-use development, assessing potential
health risks associated with nitrate, and
designing cost-effective monitoring
programs.
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The organophosphate pesticides, diazinon and chlorpyrifos, are used on urban
residential properties for structural (termite and ant) and lawn and garden pest
control.  In Orange County, CA, which includes the cities of Newport Beach,
Santa Ana, Orange, Anaheim, etc., over 100,000 pounds (ai) per year of these
pesticides are used principally for residential structural pest control.  In areas
where urban stormwater runoff discharges to urban lakes and streams, there is
potential for significant toxicity to selected zooplankton due to these OP
pesticides.  This toxicity has the potential to be adverse to the waterbodies'
fisheries resources.  Studies of stormwater runoff in Orange County, CA, San
Francisco Bay and Los Angeles areas, Sacramento, Stockton and San Diego
have found this runoff to be acutely toxic to Ceriodaphnia dubia and Mysidopsis
bahia, with some samples having over 20 acute toxic units (TUa).  This toxicity is
due to the organophosphate pesticides, diazinon and chlorpyrifos, as well as
some yet unidentified chemicals.  The USGS national monitoring program has
found sufficient concentrations of diazinon and chlorpyrifos in urban streams and
several areas of the US to be toxic to some forms of aquatic life.



Urban stormwater runoff in many parts of the US results in pulses of toxicity for
certain zooplankton, and therefore represents a threat to upper trophic level
organisms.  However, because of the highly selective nature of this toxicity
associated with being non-toxic to fish larvae, algae and many forms of
zooplankton and the short-term pulses of the toxicity, there is controversy over
the water quality significance of the OP pesticide-caused aquatic life toxicity.
Further, there is considerable confusing about the approach that should be used
to regulate this toxicity.  Under the Clean Water Act, this toxicity would be
eliminated from the streams if it were due to heavy metals or other non-pesticide
chemicals.  However, the US EPA Office of Pesticides Programs regulatory
requirements allow toxicity so long as it is not significantly adverse to the
beneficial uses of the waterbody.  This paper reviews the current information on
urban stormwater runoff aquatic life toxicity and presents information on issues
that need to be addressed to assess the water quality significance of this toxicity
to the beneficial uses of urban waterbodies.
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Topic Covered
• Occurrence of Aquatic Life Toxicity in Urban Stormwater Runoff Due to Residential Use of Orthophosphate (OP)



Pesticides
• Water Quality/Ecological Significance of Toxicity to Beneficial Uses of Waterbodies
• Regulatory Issues for Toxicity Control



The Situation
Monitoring of Urban Stormwater Runoff in California and Texas Has Revealed Toxicity to Ceriodaphnia dubia - Potentially Toxic
Concentrations Found throughout US



Originally Thought Cause of Toxicity Was Heavy Metals (Cu, Zn, Pb, and Cd) Present in Runoff at Concentrations above Worst-
Case-Based Water Quality Criteria for Protection from Aquatic Life Toxicity



Criteria Exceedance Indicates Potential Heavy Metal Toxicity - Need Confirmation
Toxicity Identification Evaluation (TIE) Identified Organophosphate (OP) Pesticides  Diazinon & Chlorpyrifos as Cause of Runoff
Toxicity



Urban Stormwater Runoff in San Francisco Bay Area, Orange County CA Cities, Stockton, Sacramento, Los Angeles, San Diego
Toxic to Ceriodaphnia dubia and Mysidopsis bahia - 1 to 10 TUa



National Problem Based on Diazinon & Chlorpyrifos Concentrations Found in USGS (1999) Urban Stormwater Runoff Monitoring



Issues That Need to Be Addressed
Diazinon and Chlorpyrifos Used for Control of Termites, Ants, Lawn and Garden Pests



Over 100,000 lbs (AI) of OP Pesticides Used in Orange County Each Year - 95% for Residential Structural Purposes
Toxic to Some Zooplankton at a Few ng/L
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What Does This Toxicity Mean to Water Quality-Beneficial Uses of Urban Streams and Lakes?
Does Toxicity Mean That Another Pesticide Will Have to Be Used for Termite Control?  Will Replacement Pesticides Be Safe
for Public Health and Environment?



Previously, Chlordane Used for Termite Control
Banned Because Bioaccumulates in Fish to Levels That Could Cause Cancer in People Who Eat the Fish



Widespread Chlordane Contamination of Fish to Levels above Hazardous Concentrations



Regulatory Issues
Clean Water Act (CWA) - No Toxics in Toxic Amounts - No Toxicity in Ambient Waters
• If Runoff Toxicity Were Due to Heavy Metals, They Would Have to Be Controlled
• OP Pesticide Toxicity in POTW Effluent Must Be Controlled
• No Explicit Requirements for Control in Urban Stormwater Runoff



Stormwater Runoff Currently Regulated Based on Implementation of BMPs; BMPs Not Defined
US EPA Office of Pesticide Programs (US EPA OPP) - No Significant Toxicity



No Toxicity That Significantly Impairs Beneficial Uses
Conflict between CWA and US EPA OPP Regulatory Approaches for Pesticides



TMDL Development  Aquatic Life Toxicity from OP Pesticides Causes Waterbodies to Be Listed as 303(d) “Impaired” Waterbodies
Requires Development of Total Maximum Daily Loads (TMDLs) to Control Impairment



Diazinon and Chlorpyrifos Toxicities Are Additive and Should Be Regulated Together Based on LC50-Normalized Sum of
Concentrations  --Usually Water Quality Standard Is TMDL Goal



Water Quality Standards for Diazinon and Chlorpyrifos
In early 1980s US EPA Developed Water Quality Criterion for Chlorpyrifos



Not Adopted by States as Water Quality Standard
• Not a Priority Pollutant - No Requirement to Adopt Criterion as Standard
• Diazinon & Chlorpyrifos Not Yet Regulated Based on Water Quality Standards



US EPA Has Been Developing Water Quality Criterion for Diazinon for Years
Draft Acute Criterion Released in 1998



Final Acute and Chronic Criteria May Be Released in a Year
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Will Diazinon and Chlorpyrifos Criteria Be Used as TMDL Goals?
Typically, Concentrations of Diazinon and Chlorpyrifos in Urban Stormwater Runoff Are above Proposed and Adopted Water
Quality Criteria/Standards



Only about 5 lbs/yr in Urban Stormwater Runoff of the 100,000 lbs/yr OP Pesticides Applied to Residential Properties in
Orange County Is Responsible for Aquatic Life Toxicity Found in Stormwater Runoff



Probabilistic Ecological Risk Assessment
Examine Aquatic Life Genus Sensitivity vs Aquatic Life LC50



Ceriodaphnia (Freshwater) and Mysidopsis (Marine) Zooplankton among the Most Sensitive Organisms Known to
Diazinon and Chlorpyrifos Toxicity



Amphipod Gammarus fasciatus More Sensitive Than Ceriodaphnia
Not Toxic to Fish Larvae and Many Other Forms of Zooplankton & Benthic Organisms



Toxicity of Short Duration (few hours to a day or so) and of Limited Areal Extent
• Restricted to Urban Streams and Lakes
• Usually Rapidly Diluted in Ambient Waters Outside of Urban Areas
• Rapid Repopulation of Waters with Zooplankton Killed by OP Pesticides
• Mesocosm Studies Show No Impact on Fish Populations
From the Information Available, Amount of Stormwater Runoff Aquatic Life Toxicity Is within the “Allowable” Kill of Organisms without
Loss of Ecosystem Function
• “Can Kill 10% of the Organism Species 10% of the Time and Not Harm Ecosystems”
• Validity of This Approach Questionable unless Ecological/Water Quality Significance of Killed Organisms Known
Endangered Species Act Issues in Some Areas Where OP Pesticide Toxicity Found



What Is the Ecological and Water Quality Significance of OP Pesticide-Caused Toxicity to Ceriodaphnia-like Organisms?
• Are There Aquatic Organisms Killed by OP Pesticide Toxicity That Are Important to Ecosystem Functioning and/or Beneficial



Uses of Urban Waterbodies?
• Not a New Problem - Ecosystem and Water Quality Damage (If Any) Due to OP Pesticide Toxicity Began Many Years Ago



and Still Occurs Today
Would the Beneficial Uses of Waterbodies Be Significantly Changed If the Urban Use of Diazinon and Chlorpyrifos
That Leads to Stormwater Runoff Aquatic Life Toxicity Were Eliminated?



Many Questions about the Water Quality and Ecological Significance of OP Pesticide Caused Aquatic Life Toxicity
Regulation Will Likely Be Decided by Litigation in the Courts
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Restricting Use of Diazinon & Chlorpyrifos Will Result in Use of Other Pesticides 
• Will Replacement Pesticides for Control of Termites, Ants, Lawn and Garden Pests Be Less Damaging to the Environment



and Public Health Than Diazinon and Chlorpyrifos?
• Current Pesticide Regulation Allows Substitution of One Registered Pesticide for Another without Adequate Evaluation of



Potential Aquatic Life Toxicity of the Type Caused by Diazinon and Chlorpyrifos
• Current US EPA OPP Pesticide Registration Does Not Include Adequate Screening for Potential Aquatic Life Toxicity



Problems
About Half of the Diazinon and Chlorpyrifos Used in Urban Areas Is Purchased at Garden Supply Stores - Other Half of Urban Use
Is by Registered Pesticide Applicators



Use in Accord with Current Registration Label Does Not Prevent Stormwater Runoff from Residential Properties from Being
Toxic



Use in Excess of Label Requirements Likely Large
Diazinon and Chlorpyrifos Also Cause Aquatic Life Toxicity Associated with Agricultural Use - Aquatic Life Toxicity Problems in Some
Areas
• Use of Diazinon as a Dormant Spray in Central Valley California Orchards  Causes Ceriodaphnia Toxicity at Considerable



Distances in the Sacramento and San Joaquin Rivers That Lasts for Several Weeks Each Winter
• Airborne Transport Is Significant Problem
Agricultural Interests Oppose Restricting Use of Pesticides beyond That Required by Registration
• Diazinon and Chlorpyrifos Registration under Review by US EPA OPP



• Chlorpyrifos Use May Be Restricted Based on Human Health Toxicity
• Food Quality Protection Act (FQPA) May Limit OP Pesticide Use Based on Cumulative Use and Cumulative Potential



Toxicity to Humans
Future Regulation of Use Evolving - Will Likely Have Restricted Use



Conclusion and Recommendations
• Urban Stormwater Runoff in California and Some Other Parts of the Country Toxic to Some Forms of Zooplankton



(Ceriodaphnia and Mysidopsis) and Benthic Organisms (Amphipod Gammarus)
• Toxicity Due to OP Pesticide Diazinon and Chlorpyrifos Used on Residential Properties
• The Water Quality and Ecological Significance of OP Pesticide Toxicity in Urban Streams and Lakes Unknown - May Be



Insignificant
Need Detailed, Comprehensive Field Studies of Organism Assemblages and Toxicity



• It Is Unclear How This Toxicity Will Be Regulated
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May Be Regulated Based on Cumulative Potential Human Health Toxicity
• Need Substantial Research Directed toward Evaluating Water Quality/Beneficial Use Impairment Caused by OP Pesticide



Aquatic Life Toxicity Associated with Urban Stormwater Runoff to Appropriately Regulate Use of Diazinon and Chlorpyrifos
Research Should Be Funded by Pesticide Manufacturers and Users



• Need to Change Pesticide Registration so That Registration Includes Proper Evaluation of Aquatic Life Toxicity Problems
and the Potential Impacts of Substituting One Pesticide for Another under Conditions Where Substitution Is Due to Potential
Aquatic Life Impacts 



References



Lee, G.F. and Jones-Lee, A., “Development of a Regulatory Approach for OP Pesticide Toxicity to Aquatic Life in Receiving Waters
for Urban Stormwater Runoff,” Presented at NorCal SETAC meeting, Reno, NV, June (1998).



Lee, G.F. and Jones-Lee, A., “The Single Chemical Probabilistic Risk Assessment Approach is Inadequate–For OP Pesticide Aquatic
Life Toxicity,” Learned Discourses, SETAC News, pp.20-21 November(1999).



Jones-Lee, A. and Lee, G.F., “Evaluation Monitoring as an Alternative to Conventional Water Quality Monitoring for Water Quality
Characterization/Management,” Proc. of the NWQMC (National Water Quality Monitoring) National Conference Monitoring: Critical
Foundations to Protect Our Waters, US Environmental Protection Agency, Washington, D.C., pp. 499-512, (1998).



Lee, G.F., Jones-Lee, A. and Taylor, S. "Evaluation of the Water Quality Significance of OP Pesticide Toxicity in Tributaries of Upper
Newport Bay, Orange County, CA," Ninth Symposium on Environmental Toxicology and Risk Assessment: Recent Achievements
in Environmental Fate and Transport, ASTM STP 1381 (1999).in press. preprint available from www.gfredlee.com.



Lee, G.F., and Taylor, S. “ Results of Aquatic Life Toxicity Studies Conducted During 1997-99 in the Upper Newport Bay Watershed,
and Review of Existing Water Quality Characteristics of Upper Newport Bay, Orange County CA and its Watershed” Final Report
G. Fred Lee & Associates, Submitted to State Water Resources Control Board, Santa Ana Regional Water Quality Control Board,
and Orange County Public Facilities and Resources Department, To Meet the Requirements of the US EPA 205(j) Project, El
Macero, California October (1999).



Lee, G.F., “Recommended Aquatic Life Toxicity Testing Program for Urban Stormwater Runoff,” Comments submitted to E. Bromley,
US EPA Region IX, San Francisco, CA, February (1999).











6



Lee, G.F. and Jones-Lee, A., “Appropriate Application of Water Quality Standards to Regulating Urban Stormwater Runoff,” Report
of G. Fred Lee and Associates, El Macero, CA, July (1998). 



Lee, G.F. Comments on“Sacramento/Feather River Organophosphate Pesticide Management Plan: Water Quality Targets for
Diazinon” draft 10-24-99 report G. Fred Lee & Associates, El Macero, CA October (1999).



Lee, G.F. and Jones-Lee, A.  “An Approach for Developing Sediment Based TMDL Goals for the OP Pesticides” Presentation to
Sacramento River Watershed Program Sacramento/Feather River O-P Pesticide Management Strategy Focus Group, G. Fred Lee
& Associates, El Macero, CA October (1999).



Copies of these papers and reports are available from Dr. Lee’s website, www.gfred.com.



USGS Recent Publication with Information on Urban Pesticides:



Larson, S., Gilliam, R., and Capel, P., “Pesticides in Streams of the United States - Initial Results from the National Water-Quality
Assessment Program,” USGS Water-Resources Investigation Report 98-4222, 92pp., Sacramento, CA (1999).












Env PAG/pest.pdf




56
PE



ST
IC



ID
ES



Pesticides used to control weeds, insects, and other
pests on farms and in urban areas can be harmful to
humans and the environment if they contaminate our
water resources
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Pesticides
Results of NAWQA studies show that pesticides are widespread in streams and ground water sampled within



agricultural and urban areas of the Nation. As expected, the most heavily used compounds are found most



often, occurring in geographic and seasonal patterns that mainly correspond to distributions of land use and



associated pesticide use.



The frequency of pesticide contamination, however, is greater than expected. At least one pesticide was



found in almost every water and fish sample collected from streams and in about one-half of all wells



sampled. Moreover, individual pesticides seldom were found alone— almost every water and fish sample



from streams and about one-half of samples from wells with a detected pesticide contained two or more



pesticides.



For individual pesticides in drinking water, NAWQA results are generally good news relative to current



water-quality standards and guidelines. Average concentrations in streams and wells rarely exceeded



standards and guidelines established to protect human health. For aquatic life and wildlife, however, NAWQA



results indicate a high potential for problems in many streams, particularly in urban areas, where



concentrations of more than one pesticide often approached or exceeded established water-quality



guidelines.



Important questions remain unanswered about potential risks of pesticide contamination to humans and



the environment. Currently, standards and guidelines are available only for a limited number of individual



pesticides, do not account for mixtures of pesticides or for pesticide breakdown products, and are based on



tests that have assessed a limited range of potential health and ecological effects. Long-term exposure to



low-level mixtures of pesticide compounds, punctuated with seasonal pulses of higher concentrations, is the



most common pattern of exposure, but the effects of this pattern are not yet well understood.



The uncertainty about whether present-day levels of pesticide contamination are a threat to human health or



the environment makes it imperative that we document and understand the nature of pesticide exposure, the



causes of contamination, and the actions we can take to reduce pesticide levels in streams and ground water. ◗
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WHAT WAS MEASURED...



Many of the Nation’s most heavily used agricultural and urban
pesticides were measured in the NAWQA Program. The 83 target
compounds analyzed in water include 76 pesticides and 7 selected
breakdown products and account for about 75 percent of the
Nation’s agricultural use of synthetic pesticides. They include 17 of
the top 20 herbicides and 15 of the top 20 insecticides.



Historically used organochlorine insecticides, like DDT, were
measured in bed sediment and fish, where they accumulate and
persist for decades. The 32 organochlorine compounds analyzed in
bed sediment or fish consist of 8 individual parent compounds,
1 individual breakdown product, and 7 groups of parent compounds
plus related breakdown products or chemical impurities in the
manufactured product. These compounds account for more than
90 percent of the Nation’s historical use of organochlorine
insecticides in agriculture.



WHAT WAS NOT...



Many important pesticide compounds were not measured because
of analytical and budget constraints. The top 20 herbicides not
measured were glyphosate (ranked 10), MSMA (14), and propazine
(17). The top 20 insecticides not measured were cryolite (12),
acephate (13), dimethoate (14), methomyl (15), and thiodicarb (18).
Other pesticides not measured include inorganic pesticides, such
as sulfur and copper, oil, and biological pesticides. Important
omissions also include numerous pesticide breakdown products
and carrier agents that may affect water quality.



Although NAWQA studies are targeting the broadest and most
complete range of pesticides ever measured in a single
assessment, these omissions are important to keep in mind and
must temper conclusions.



Further information on pesticides measured is available via the
World Wide Web at <http://water.usgs.gov/lookup/get?nawqapest>.



More than 90 percent of water and fish samples from all streams contained one
or, more often, several pesticides. Pesticides found in water were primarily
those that are currently used, whereas those found in fish and sediment are
organochlorine insecticides, such as DDT, that were heavily used decades ago.
Most of the pesticides in use today are more water soluble and break down
faster in the natural environment than the long-lived organochlorine
insecticides of the past.(31)



About 50 percent of the wells sampled contained one or more pesticides,
with the highest detection frequencies in shallow ground water beneath
agricultural and urban areas and the lowest frequencies in major aquifers,
which generally are deeper. Ground water has a lower incidence of pesticide
contamination than streams because water infiltrating the land surface moves



slowly through soil and rock formations on its way to
ground water and through the aquifer. This contact with
soil and rock and the slow rate of flow allow greater
opportunity for sorption and degradation of pesticides,
and varied flow pathways mean that some wells do not tap
ground water that originated from places or times affected
by pesticide use.



Although streams and rivers are more vulnerable than
ground water to rapid and widespread contamination,
ground-water contamination is extremely difficult to
reverse because of the slow rate of ground-water flow.
Management practices that reduce the transport of
pesticides to streams can yield rapid improvements in
water quality. Ground water, on the other hand, will
respond slowly to changing practices—sometimes
taking many years or even decades to recover.



Decades of pesticide use have resulted in their wide-
spread occurrence in streams and ground water
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Pesticides are a potential concern for
human health and aquatic life
Most pesticides are manufactured compounds that are designed to kill specific
pests, such as weeds and insects. Many pesticides have the potential to harm
nontarget organisms, especially if the organisms are exposed to high levels or
for a long period of time. In the early 1960s, Rachel Carson’s widely
publicized book “Silent Spring”(32) described the ecological impacts of DDT
and other pesticides. Concerns about the unintended effects of pesticides
continue to this day, and evaluation of the risk to humans and the environment
from present-day levels of pesticide exposure remains highly controversial.



A difficult aspect of evaluating potential effects of pesticides is determining
what may occur as a result of varying types and durations of exposure.
Exposure is complicated by pesticide mixtures, breakdown products, strong
seasonal concentration pulses, and high concentrations during stormflows. In
contrast, most toxicity assessments are based on controlled experiments with a
single contaminant over a limited range of concentrations.



Although uncertainties remain, water-quality standards and guidelines have
been developed for many pesticides in order to protect human health and
aquatic life, and they are used in this report to signal potential problem areas.
Concentrations that exceed a standard or guideline, however, may not be a
problem at some sites. Conversely, the absence of an exceedance does not
ensure that there is no problem.



Some people believe that any presence of pesticides in their drinking water
is too much, whereas others feel that the standards and guidelines established
for many of the major pesticides provide adequate protection. Which of these
perspectives is closest to the truth remains unclear, but certainly the effects of
common patterns of pesticide exposure found in NAWQA studies have not yet
been fully evaluated.



The uncertainty in whether or not present-day levels of pesticide
contamination are a threat to human health or aquatic life makes it imperative
that we understand the nature of exposure, the causes of contamination, and
the actions we can take to reduce pesticide levels in streams and ground water.
Only by accurately characterizing the nature and causes of environmental
exposure can we develop effective strategies to minimize exposure and reliably
evaluate relations between exposure and effects.



HORMONE LEVELS IN FISH SHOW SIGNS OF POSSIBLE
ENDOCRINE DISRUPTION



A reconnaissance study of sex hormones in carp collected at 11
NAWQA stream sites indicates that pesticides may be affecting
the ratio of estrogen to testosterone in both males and females.(33)



The hormone ratio, which is sometimes used as an indicator of
potential abnormalities in the endocrine system, was significantly
lower at sites with the highest pesticide concentrations. Although
the lower hormone ratios may not be associated with measurable
effects on fish populations, they are a signal that further
investigation is needed.



STANDARDS AND GUIDELINES FOR
PROTECTING WATER QUALITY



Water-quality standards and guidelines
generally are maximum acceptable
concentrations of pesticides for protecting
humans, aquatic life, or wildlife. They are
established by the United States and
other nations, international organizations,
and some States and tribes. For this
report, precedence was given to
standards and guidelines established by
the USEPA and then to those established
by Canada or the International Joint
Commission for the Great Lakes, although
some states may have different standards
and guidelines that take priority for
particular water bodies.(25)



Drinking-water standards or guide-
lines have been established for 43 of the
76 pesticides analyzed, and aquatic-life
guidelines have been established for 28 of
the 76 pesticides. Aquatic-life or wildlife
guidelines are available for 8 of the 16
pesticides (compounds or groups)
analyzed in bed sediment or fish.



Current standards and guidelines do
not completely eliminate risks because:
(1) values are not established for many
pesticides, (2) mixtures and breakdown
products are not considered, (3) the
effects of seasonal exposure to high
concentrations have not been evaluated,
and (4) some types of potential effects,
such as endocrine disruption and unique
responses of sensitive individuals, have
not yet been assessed.
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The most frequently detected pesticides are those most
heavily used…now or in the past
Not surprisingly, the top 15 pesticide compounds found in
water are among those with the highest current use. They
include five of the most heavily used agricultural
herbicides and one degradation product, five herbicides
that are extensively used in urban areas, and four of the
most commonly used insecticides.



The pesticide compounds found most often in fish and
bed sediment are related to three major groups of
insecticides that were heavily used in the 1960s.
Organochlorine compounds related to DDT and dieldrin
were widely used in both agricultural and urban areas, and
chlordane was mainly used in urban areas.
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Different pesticides dominate in different land-use areas
The occurrence of pesticides in
streams and ground water follows
broad patterns in land use and
associated pesticide use. The patterns
are complex, however, and differ
between streams and ground water
because of the wide range of use
practices and processes that govern
the movement of pesticides in the
hydrologic environment.



AGRICULTURAL AREAS
Herbicides are the most common type
of pesticide found in streams and
ground water within agricultural
areas. The most common herbicides
in agricultural streams were atrazine
and its breakdown product



deethylatrazine (DEA), metolachlor,
cyanazine, alachlor, and EPTC. All 5
of the parent compounds rank in the
top 10 in national use. Atrazine was
found in about two-thirds of all
samples from agricultural streams,
often occurring year-round.



Similar to streams, the most
common compounds found in
shallow ground water were atrazine
and DEA, but only about one-third of
the samples had detectable levels.
The lower rates of atrazine and DEA
detection in ground water compared
to streams result from longer travel
times, greater opportunity for



sorption or breakdown, and greater
variability of source water in wells.



One of the most striking results for
shallow ground water in agricultural
areas, compared with streams, is the
low rate of detection for several high-
use herbicides other than atrazine.
This is probably because these
herbicides break down faster in the
natural environment compared to
atrazine. Studies show that break-
down products of metolachlor,
alachlor, and cyanazine are much
more commonly found in ground
water than are the parent
compounds.(34)



Compared to herbicides, currently
used insecticides were less frequently
found in most agricultural streams.
But some streams in agricultural
areas with particularly high use of
specific insecticides, such as diazinon
in the San Joaquin-Tulare Basins, had
among the highest concentrations
measured. Insecticides were rarely
detected in ground water in
agricultural areas. The less frequent
occurrence of currently used
insecticides in streams compared
with herbicides, and their
infrequent occurrence in ground
water, result from their relatively
low application rates and rapid
breakdown in the environment.



In contrast to currently used
insecticides, the organochlorine
insecticides of the past still persist in
agricultural streams because of their
extreme resistance to breakdown in
the environment. DDT was the most



commonly detected organochlorine
group—found in almost every fish
sample— followed by dieldrin and
chlordane. DDT and aldrin (which
breaks down rapidly to dieldrin in the
environment) were two of the top
three insecticides used for agriculture
in the 1960s.
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URBAN AREAS
The most distinct differences between
pesticides found in urban and
agricultural areas are the greater
prevalence of insecticides in urban
streams and the relatively frequent
occurrence of urban herbicides in
both streams and shallow ground
water. Insecticides were found more
often, and usually at higher
concentrations, in urban streams than
in agricultural streams. Diazinon,
carbaryl, chlorpyrifos, and malathion,
which nationally rank 1, 8, 4, and 13
among insecticides used for homes
and gardens, accounted for most
detections in water. Historically used
insecticides also were found more
frequently in urban streams. Urban
streams had the highest detection
frequencies of DDT, chlordane, and



dieldrin in fish and bed sediment, and
the highest concentrations of
chlordane and dieldrin. Chlordane
and aldrin were widely used for
termite control until the mid-1980s,
although their agricultural uses were
restricted during the 1970s.(35, 36)



Much more chlordane was used for
termite control than for agriculture.



Insecticides in urban streams are
a concern for aquatic life, for
downstream water supplies, and
possibly for recreational users.
Effective management will likely
require a combination of reducing
current home, garden, and
commercial use and controlling
sediment sources to streams.



Similar to agricultural
areas, insecticides were
seldom detected in ground
water in urban areas.
Interestingly, however, the
most commonly detected
insecticide in shallow ground
water was dieldrin, which
was found in about 3 percent
of the wells sampled.
Although dieldrin is not very
mobile in water, its



environmental persistence and the
heavy historical use of dieldrin and
aldrin have combined to yield
contamination of some wells.



The herbicides most commonly
found in urban streams, in addition to
atrazine and metolachlor,
are simazine, prometon,
2,4-D, diuron, and
tebuthiuron, all of which
are commonly used in
nonagricultural settings for
maintenance of roadsides,
commercial areas, lawns,
and gardens. Prometon and
2,4-D have among the



highest frequencies of urban use. Of
the urban herbicides, 2,4-D, simazine,
and diuron also have substantial
agricultural use, ranking in the top 25
nationally. Diuron and 2,4-D were not
detected as frequently as other
compounds with similar use,
probably because the analytical
method for these two compounds is
less sensitive and resulted in fewer
detections than for other compounds,
even when concentrations were
similar. As in streams, the most
frequently found herbicides in
shallow ground water in urban areas
were atrazine, DEA, simazine, and
prometon. Unlike streams, however,
metolachlor was seldom detected,
probably because of its lower urban
use and lower persistence in the
environment compared to the other
herbicides.
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Pesticides found in major rivers and aquifers reflect
contributions from both agricultural and urban areas
Major rivers and streams draining
areas of mixed land use contain
pesticides from both agricultural and
urban sources and from both past and
present use. In water that comes
mainly from agricultural areas, the
most commonly found pesticides are
the major herbicides atrazine (and
DEA), metolachlor, cyanazine, and
alachlor. In water that comes mainly
from urban areas, the most common
pesticides are the herbicides simazine
and prometon and the insecticides
diazinon and carbaryl.



Like water, the fish and bed
sediment of major rivers and streams
with mixed land-use influences
contain mixtures of organochlorine
insecticides from agricultural and
urban areas. Detection frequencies
and concentrations of DDT, dieldrin,
and chlordane were generally
intermediate between those of
agricultural and urban streams.



Many large rivers with mixed land-
use influences tend to have lower
concentrations of pesticides compared
with agricultural and urban streams
because of a larger influence of
undeveloped land. Some rivers in
intensive agricultural regions,
however, have concentrations that are
similar to those in agricultural
streams, although they are less
variable over time. Rivers with mixed
land uses almost always contain
detectable pesticides that reflect the
diversity of sources present.



In contrast, ground water in major
aquifers has a substantially lower
frequency of pesticide occurrence
than shallow ground water in
agricultural and urban areas. This
difference results from the generally
deeper wells sampled in major
aquifers and the greater influence of
undeveloped areas. Additionally,
owing to the slow rate of ground-



water flow, much of the water
sampled in the major aquifers may
have infiltrated into the ground before
pesticides were applied. The two
most frequently detected compounds
in major aquifers were atrazine and
DEA, resulting from the high and
extensive use of atrazine, the greater
extent of agricultural land compared
to urban land affecting most major
aquifers sampled, and the high
mobility and long-lived nature of
atrazine and DEA.



Because the pesticides found in
major rivers and aquifers reflect
contributions from both agricul-
tural and urban land uses, efforts
to improve the quality of these
water resources will require
management of nonpoint sources in
both agricultural and urban areas.
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This satellite image of the
Central Columbia Plateau, taken
in 1992, shows irrigated fields in
green and fallow fields and
rangeland in red. Agricultural
runoff, tile drainage, and return
flows from the irrigated
farmland drains into the
Columbia River, which forms the
western border of the area
before the Snake River joins it
from the east.



Data courtesy of the U.S. Geological
Survey, National Mapping Division,
EROS Data Center
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Geographic distributions of pesticides
follow patterns in land use and
pesticide use
An essential step toward understanding and managing the effects of
pesticides on water quality is to examine the geographic distribution of
pesticide levels in relation to land use and pesticide use and to determine
areas of the Nation and environmental settings that merit the greatest
concern and attention.



The geographic distribution of pesticide levels is summarized in a series of
maps that show results for herbicides and insecticides in streams and ground
water for agricultural, urban, and mixed land uses, the latter including major
rivers and aquifers. To identify potential water-quality problems, pesticide
concentrations in water and bed sediment from streams are compared to
aquatic-life guidelines because most streams sampled are not directly used as
drinking-water sources. Pesticide concentrations in shallow ground water and
water from major aquifers are compared to drinking-water standards and
guidelines for human health. Most of the major aquifers, and shallow ground
water in about one-half of the study areas, are sources of drinking water.
Methods used to construct the maps are explained on page 31.



The national maps show national and regional patterns, or in some cases the
apparent lack of pattern, in pesticide levels. They cannot, however, show
important aspects of local variability in pesticide levels—for this, the reader is
referred to the individual reports available for each NAWQA Study Unit (see
page 80).



A.C. Haralson, Arkansas Department of Parks and Tourism Phil Schofield ©Alan R. Wycheck, Harrisburg Hershey Carlisle Tourism and Convention Bureau
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Herbicides in streams and major rivers
were highest in the most intensively
farmed agricultural regions
Total herbicide concentrations consistently ranked highest in agricultural
streams and major rivers of the White River Basin and Central Nebraska
Basins, which are on the eastern and western margins of the Corn Belt,
respectively. The Corn Belt has the highest herbicide use in the Nation. The
high concentrations measured in the White River Basin and Central Nebraska
Basins are consistent with other studies in the Mississippi River Basin, which
show broad-scale herbicide contamination of streams and rivers, including the
Mississippi River.(37)



All seven agricultural streams and the two major rivers sampled in the
White River Basin and Central Nebraska Basins frequently had concentrations
of one or more herbicides that exceeded a Canadian aquatic-life guideline.
Atrazine exceeded its guideline of 2 µg/L at all sites, and cyanazine exceeded
its guideline of 2 µg/L at four sites. At this time, there are no national aquatic-
life guidelines for these compounds in the United States, and individual States
have varying guidelines.



Given the regional extent of intensive herbicide use and elevated levels
of herbicides in streams within the Corn Belt, management strategies that
are successful in reducing use and runoff of herbicides that are applied for
corn and soybean production will likely lead to regional-scale improvements
in water quality.



Other streams ranking high in herbicide concentrations were agricultural
streams that drain intensively farmed areas in the Willamette Basin, San
Joaquin-Tulare Basins, South Platte River Basin, and Trinity River Basin. A
diverse group of herbicides, including trifluralin, metolachlor, and 2,4-D, in
addition to atrazine and cyanazine, exceeded aquatic-life guidelines in one or
more of these streams.



Most streams with low herbicide concentrations were agricultural streams in
areas with low to moderate herbicide use in their drainage basins. Exceptions
to this are low concentrations of herbicides in agricultural streams of the Red
River of the North Basin and in the Southeast, even though use is moderate to
high. One possible reason for the low concentrations in the Red River of the
North Basin is a higher retention of herbicides in the soil because of
particularly high levels of organic matter.



Among urban sites, only Las Vegas Wash in Las Vegas had relatively high
herbicide concentrations compared to other streams. Only Little Buck Creek in
the Indianapolis area had concentrations that exceeded a Canadian aquatic-life
guideline, and that was in a small percentage of samples because of atrazine
use on agricultural land in its watershed.



The heavy use of herbicides on corn in
the Central Nebraska Basins is reflected
in high atrazine concentrations in the
Platte River during runoff from rainfall
following spring herbicide applications.
Low-level atrazine concentrations were
found throughout much of the year,
punctuated by seasonal pulses of high
concentrations that exceeded the
drinking-water standard (MCL) and the
Canadian aquatic-life guideline. The
annual average concentration, however,
did not exceed the drinking-water
standard.



Lincoln, Omaha, and smaller cities
along the Platte River withdraw drinking
water from an aquifer adjacent to the
river. Much of the ground water that is
pumped from the sand and gravel
portions of this aquifer is vulnerable to
contamination from atrazine in the Platte
River. This is a concern to water providers



because studies have shown that
conventional water treatment is
ineffective in removing herbicides like
atrazine from the treated water supplied
to households.(38)
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Agricultural streams
Concentrations were highest and most often 
exceeded aquatic-life guidelines in streams 
in the White River Basin and Central 
Nebraska Basins in the Corn Belt, where 
herbicide use is among the highest reported 
nationwide.



Urban streams
Most urban streams had moderate or low 
herbicide concentrations compared to 
streams in agricultural and mixed land-use 
settings.



Rivers and streams with 
mixed land use
Aquatic-life guidelines were exceeded in 
about one fourth of the samples from the 
two major rivers sampled in the Corn Belt, 
but most major rivers had moderate 
herbicide concentrations.



See p. 31 for more information about these maps



Herbicide use—in pounds per acre 
of agricultural land



Highest (greater than 0.461)
Medium (0.162 to 0.461)
Lowest (less than 0.162)
No reported use



A national ranking of HERBICIDES in streams



Bold outline indicates exceedance by 
one or more herbicides. Number is
percentage of samples that exceeded
a guideline
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Most urban streams sampled, plus two major rivers dominated by urban
influences— the South Platte River downstream from Denver and the Trinity
River downstream from Dallas-Fort Worth—had among the highest insecticide
concentrations of all streams and rivers sampled. Nine of 11 urban streams and
both rivers had concentrations that exceeded aquatic-life guidelines, usually in
more than 20 percent of the samples. The most common insecticides to exceed
guidelines were diazinon, chlorpyrifos, and malathion. Chlorpyrifos and
malathion have USEPA aquatic-life criteria of 0.041 µg/L and 0.100 µg/L,
respectively, and diazinon has a guideline of 0.080 µg/L established by the
International Joint Commission for the Great Lakes.



Insecticides in urban streams, largely from use around homes and in
gardens, parks, and commercial areas, frequently occur at levels of
concern for aquatic life and may be a significant obstacle for restoring
urban streams.



Most agricultural streams had moderate or low concentrations of
insecticides but, as for herbicides, several streams that drain intensively farmed
areas that are irrigated had among the highest insecticide levels. Although



concentrations of insecticides in
agricultural streams tended to be low
compared to urban streams,
concentrations above aquatic-life
guidelines were common. For about
one-half of the agricultural streams,
samples exceeded a guideline for one
or more insecticides. In addition to
diazinon and chlorpyrifos, an
insecticide that frequently exceeded its
guideline in agricultural streams was
methyl azinphos, which has a USEPA
aquatic-life criterion of 0.010 µg/L.



Insecticide concentrations in most
major rivers usually were lower than
those measured in urban streams and
exceeded aquatic-life guidelines in
relatively few samples. Exceptions are
the San Joaquin River, which drains
farmlands with some of the heaviest
insecticide use in the Nation, and the
South Platte and Trinity Rivers, which
are affected by both point and
nonpoint sources from urban areas.
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INSECTICIDES DETECTED IN WATER IN ZOLLNER CREEK, OREGON, 1993 AND 94



Zollner Creek in the Willamette Basin receives agricultural runoff
from intensively irrigated crops, including row crops, grass, wheat,
hops, nurseries, and orchards. A wide variety of insecticides was
applied to these crops; the insecticides were transported to the
creek by irrigation and stormwater runoff. One or more insecticides
were found in most water samples collected during the 2-year
period, and several approached or exceeded concentrations that
may be harmful to aquatic life, sometimes accurring as mixtures.



Insecticides in streams were highest in urban areas
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Agricultural streams
Most streams had moderate or low 
concentrations, but several in irrigated 
areas of the West had among the 
highest concentrations. About one-half 
of the agricultural streams had 
concentrations that exeeded an 
aquatic-life guideline.



Urban streams
Most streams had among the highest 
concentrations. Typically, 10 to 40 
percent of samples had concentrations 
that exceeded one or more aquatic-life 
guidelines.



Rivers and streams with 
mixed land use
Concentrations were low to moderate 
except for the urban-affected South 
Platte and Trinity Rivers, and the San 
Joaquin River, which drains farmlands 
with some of the most intensive 
insecticide use in the Nation.



See p. 31 for more information about these maps



Insecticide use—in pounds per acre 
of agricultural land



Highest (greater than 0.086)
Medium (0.033 to 0.086)
Lowest (less than 0.033)
No reported use



A national ranking of INSECTICIDES in streams



Bold outline indicates exceedance by 
one or more insecticides. Number is
percentage of samples that exceeded 
a guideline



Sum of insecticide concentrations



Aquatic-life guidelines



Lowest 25 percent
Middle 50 percent
Highest 25 percent
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Organochlorine insecticides were
highest in urban streams and where
historical agricultural use was
greatest
Concentrations of organochlorine insecticides in bed sediment and fish
correspond to land use and past application rates. Although most uses of
organochlorine insecticides ended 10 to 25 years ago, they remain a significant
water-quality issue for many streams. Overall, 14 percent of bed-sediment
samples had concentrations that exceeded sediment-quality guidelines for
protection of aquatic life,(39) and 19 percent of sites had concentrations in fish
that exceeded New York guidelines for protection of fish-eating wildlife.(40)



Compounds that most often exceeded guidelines were DDT and chlordane in
bed sediment and DDT and dieldrin in fish.



Almost all urban streams had high or medium concentrations of the
organochlorine insecticides compared with other sites. Sediment-quality
guidelines were exceeded at 37 percent of urban sites, with several sites each
in urbanized areas of the Connecticut, Housatonic, and Thames River Basins,
Hudson River Basin, Trinity River Basin, and Georgia-Florida Coastal Plain.
Concentrations in whole fish exceeded guidelines for the protection of fish-
eating wildlife at 21 percent of urban sites.



In agricultural streams, concentrations of organochlorine insecticides were
highest in areas of high past use. High concentrations were most common for
streams in the Central Columbia Plateau, Georgia-Florida Coastal Plain, and
Trinity River Basin. One or more sediment-quality guidelines were exceeded
at 15 percent of agricultural sites, and concentrations in whole fish exceeded
wildlife guidelines at 20 percent of sites.



Many streams and rivers with mixed land-use influences also had high
concentrations in bed sediment, particularly in basins with extensive
agricultural areas where past use was high, such as in the Southeast and the
irrigated West, and in basins with high population density, such as in the
Northeast. Sediment-quality guidelines were exceeded at 11 percent of these
sites, and wildlife guidelines were exceeded in whole fish at 24 percent of
these sites. In undeveloped areas, organochlorine concentrations generally
were low and did not exceed sediment-quality guidelines.



A significant health concern in some regions is consumption of fish with
high levels of organochlorine insecticides in their flesh. Human-health
guidelines for edible fish tissue(41) are not directly applicable to NAWQA
results, which are based on whole-fish analysis of mostly carp and suckers.
Nevertheless, the NAWQA fish data provide a relative indication of potential
concern. At about 30 percent of NAWQA sites, insecticide concentrations
in whole fish exceeded human-health guidelines for edible fish tissue.(41)



For any of these streams that are active fisheries, additional assessment of
fillets of edible species is advisable if this has not already been done.



CONTROL OF SOIL EROSION IS KEY TO
REDUCING ORGANOCHLORINE
INSECTICIDES



Organochlorine insecticides bind strongly
to soils and are carried with eroded soils
to streams by runoff from irrigation and
rainfall. In streams, the soil-bound
insecticides may dissolve in water, remain
suspended, or settle to the streambed.
They also accumulate in fish. Under-
standing and managing soil erosion is a
key to reducing organochlorine
contamination.



For example, furrow irrigation causes
more erosion than sprinkler or drip
irrigation. In the Central Columbia Plateau,
DDT concentrations in streambed
sediment and fish increased as the
percentage of furrow irrigation in the
basin increased.



In the San Joaquin-Tulare Basins,
the amount of DDT transported with
suspended sediment in the San Joaquin
River and tributaries generally was
greater during winter runoff than during
the irrigation season. Controlling
irrigation-induced soil erosion would
reduce but not eliminate DDT in the
streams because large quantities are
transported during infrequent storms.
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Urban areas
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Agricultural streams
Highest concentrations occurred where 
historical use was highest on crops such 
as cotton, peanuts, orchards, and 
vegetables.



Urban streams
Most urban streams had higher 
concentrations than the majority of 
agricultural streams, and concentrations 
exceeded sediment-quality guidelines at 
almost 40 percent of the sites.



Rivers and streams with
mixed land use
Concentrations followed the patterns in 
contributing agricultural and urban areas, 
with the highest concentrations in areas of 
high population densities or intensive 
historical use in agriculture.



See p. 31 for more information about these maps



Historical organochlorine use—
in pounds per acre of agricultural land



Highest (greater than 0.278)
Medium (0.095 to 0.278)
Lowest (less than 0.095)
No reported use



A national ranking of ORGANOCHLORINES in bed sediment



Bold outline indicates exceedance by 
one or more organochlorine insecticides



Sum of organochlorine insecticide concentrations



Aquatic-life guidelines



Lowest 50 percent (all with no detections)
Second highest 25 percent
Highest 25 percent
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for pesticides in ground water were
for herbicides in shallow ground
water beneath agricultural areas. In
these areas where herbicide use was
moderate to high, soil and geologic
conditions favored rapid movement of
herbicides to the ground water. Most
studies of shallow ground water in
agricultural areas detected herbicides
in more than 50 percent of wells
sampled.



Compared to streams, ground-
water detections were dominated by
fewer compounds—mainly those that
have the combination of relatively
high mobility and chemical stability
that allows them to move and persist
in the flow system long enough to
reach a well. Only atrazine, its
breakdown product DEA, metolachlor,
prometon, and simazine were found
in more than 5 percent of all wells.



Of the 36 studies of shallow
ground water in agricultural areas,
which included more than 1,000
wells, only one well in an unused
shallow ground-water area in the
Connecticut, Housatonic, and Thames



 PREDICTING ATRAZINE CONTAMINATION IN GROUND WATER



As part of Idaho’s State Pesticide Management plans for
herbicides, maps have been developed to portray the potential for
atrazine contamination in ground water in southeastern Idaho.(42)



Atrazine data from the NAWQA Program in the Upper Snake River
Basin were used to calibrate and verify predictive models.
Significant factors used to successfully predict atrazine
concentrations in ground water were atrazine use, land use,
precipitation, soil type, and depth to ground water. Continued
development of these types of modeling tools will aid in designing
cost-effective programs for monitoring and protecting ground-
water resources across the Nation.



River Basins had an atrazine
concentration that exceeded the
drinking-water standard of 3 µg/L.



Herbicides were moderately
common in shallow ground water
beneath urban areas. In an urban area
of the Albemarle-Pamlico Drainage,
a shallow aquifer used for drinking-
water supply had one monitoring well
where an atrazine concentration
exceeded the drinking-water standard.



Major aquifers, all of which are
drinking-water sources, are generally
deeper than the shallow ground water
studied and had distinctly lower
detection frequencies of herbicides.
Only 3 of 33 aquifers sampled had
among the highest ranked detection
frequencies, and none of the wells
sampled in major aquifers had
herbicide concentrations that exceeded
drinking-water standards or guidelines.



Ground-water contamination,
compared to stream contamination, is
more strongly governed by soil and
geologic conditions, and each well is
uniquely affected by sources of
pesticides and flow conditions in its
immediate vicinity. Local variability



in these conditions can result in
degradation of water quality in one or
a few wells, even if most wells are
not affected. The greatest frequencies
of herbicide detection in major
aquifers occurred in vulnerable
settings. The three aquifers with the
highest frequencies of detection were
(1) the Platte River Alluvial aquifer in
the Central Nebraska Basins, which is
shallow and overlain by permeable
sandy soils, (2) the Upper Floridan
aquifer in the Appalachicola-
Chattahoochee-Flint River Basin,
which is a limestone formation where
flow rates are high, and (3) a shallow
limestone aquifer in the Lower
Susquehanna River Basin.



Herbicides in shallow ground water were most common
beneath agricultural areas
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Shallow ground water in
agricultural areas
The highest detection frequencies occurred 
where use is moderate to high and where 
soil and geologic conditions promote rapid 
infiltration.



Shallow ground water in
urban areas
Only two urban areas had detection 
frequencies in the highest 25 percent of all 
ground-water studies.



Major aquifers
Detections were infrequent, except for a few 
aquifers in vulnerable settings—shallow 
aquifers with permeable sandy soils or 
limestone formations.



See p. 31 for more information about these maps



Herbicide use—in pounds per acre 
of agricultural land



Highest (greater than 0.461)
Medium (0.162 to 0.461)
Lowest (less than 0.162)
No reported use



A national ranking of HERBICIDES in ground water



Bold outline indicates exceedance by
one or more herbicides. Number is
percentage of wells that exceeded a 
a standard or guideline



Herbicide detection frequency—Each circle 
represents a ground-water study



Drinking-water standards or guidelines
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Insecticides were seldom found in
ground water but may be a concern in
some areas
Insecticides, in contrast to herbicides, were not detected in a number of
ground-water studies and, where detected, were usually found in less than 10
percent of wells. The most frequently detected insecticides in ground water
were dieldrin and diazinon, although each was found in only 1 to 2 percent of
all wells. The relative abundance of dieldrin was unexpected because of its low
mobility in water compared with many currently used pesticides. Dieldrin,
however, is one of the more mobile compounds within the historically used
organochlorine group. Moreover, it is long-lived in the environment, which
results in its great persistence in the ground-water flow system.



Although insecticides were much less common than herbicides in
ground water, they exceeded drinking-water standards or guidelines more
often. In all but one well where exceedances occurred, dieldrin was the
insecticide that exceeded the guideline. The guideline used for dieldrin is a
USEPA Risk Specific Dose of 0.02 µg/L, which corresponds to a cancer risk
level of 1 in 100,000. The wells that exceeded the Risk Specific Dose for
dieldrin were mainly wells tapping shallow ground water that is not used for
human consumption.



The infrequent but potentially important occurrences of dieldrin in some
wells may be the result of local contamination of individual wells. The
combination of relatively shallow ground water and pesticide use in the
vicinity of wells increases the likelihood that some wells will have flow
pathways that allow pesticides to move from the land surface to the well,
sometimes down the borehole itself.



 DIELDRIN PERSISTS IN SHALLOW URBAN GROUND WATER



In the Apalachicola-Chattahoochee-Flint River Basin, insecticide concentrations in ground-
water samples generally were less than current drinking-water standards or guidelines.
However, dieldrin concentrations in water samples collected during 1994–95 from 5 of 37
shallow wells and springs in Metropolitan Atlanta exceeded the USEPA Risk Specific Dose
of 0.02 µg/L, which corresponds to a cancer risk level of 1 in 100,000. Dieldrin and aldrin,
which breaks down to dieldrin in the environment, had been used on agricultural land prior
to 1975 and for structural termite control until 1987.(36) Although this ground water is not used
as a source of drinking water, the presence of dieldrin in ground-water samples collected
several years after being banned is indicative of the compound’s persistence in soils and
ground water and its potential to be a problem in some wells.



Daniel J. Hippe
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Urban areas
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5Shallow ground water in
agricultural areas
Detection frequencies ranked low to 
moderate in most studies.



Shallow ground water in
urban areas
Detection frequencies ranked high in 
urban areas compared with other study 
areas but still were low compared to 
herbicides. Although aldrin and dieldrin 
have not been used for years, dieldrin 
was the most frequently detected 
insecticide.



Major aquifers
Most major aquifers ranked low to 
moderate in detection frequency and, 
only one well exceeded a drinking-water 
standard or guideline (dieldrin).



See p. 31 for more information about these maps



Insecticide use—in pounds per acre 
of agricultural land



Highest (greater than 0.086)
Medium (0.033 to 0.086)
Lowest (less than 0.033)
No reported use



A national ranking of INSECTICIDES in ground water



Bold outline indicates exceedance by 
one or more insecticides. Number is
percentage of wells that exceeded a 
a standard or guideline



Insecticide detection frequency—Each circle 
represents a ground-water study or major aquifer
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PESTICIDES USUALLY OCCUR AS MIXTURES
Pesticides usually occur in mixtures of several compounds rather than
individually, but most of our experience and research on environmental effects
is based on exposure to individual compounds. Therefore, it is vital that we
understand and document the occurrence and composition of common
low-level mixtures and begin to evaluate their effects.



More than 50 percent of all stream samples contained five or more
pesticides, and nearly 25 percent of ground-water samples contained two or
more pesticides. In the Central Columbia Plateau, for example, 66 percent of
ground-water samples with detections contained more than one pesticide, most
commonly in shallow monitoring wells. The most common mixtures were
found more than twice as frequently in streams than in ground water, except
for the atrazine-DEA combination.



Mixtures of currently used pesticides in stream water may occur in
combination with mixtures of organochlorine insecticides in bed sediment and
fish. Moreover, about 50 percent of bed-sediment and fish samples with
pesticide detections contained compounds from two or more of the major
organochlorine groups.



COMMON PESTICIDE MIXTURES IN WATER



The composition of the most common pesticide mixtures differs between urban and agricultural
areas and between agricultural areas with different crops and pests. In urban areas, simazine and
prometon were the most common pesticides found together, whereas atrazine, DEA (deethyl-
atrazine), and metolachlor were the most common compounds found in mixtures from agricultural
areas. Mixtures containing both herbicides and insecticides were a common occurrence in urban
streams. More than 10 percent of urban stream samples contained a mixture of at least 4 herbicides
plus the insecticides diazinon and chlorpyrifos.
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BREAKDOWN PRODUCTS
CAN BE IMPORTANT
Once released into the environment,
pesticides undergo a series of
chemical and biological reactions
whereby the original pesticide breaks
down into intermediate compounds,
and eventually into carbon dioxide
and other harmless compounds. Some
breakdown products are short-lived,
whereas others persist for years or
decades. Little is known about the
occurrence of many pesticide
breakdown products, and even less is
known about their effects on human
health and aquatic life.



Of the thousands of possible
breakdown products, few have
been looked for in streams or
ground water.(6,43) Some are less
toxic than their parent compounds,
whereas others have been found to
have similar or even greater toxicities.



Only seven breakdown products
were analyzed in water samples from
the first 20 Study Units: 2,6-diethyl-
aniline (parent pesticide, alachlor),
3-hydroxy-carbofuran (carbofuran),
aldicarb sulfone and aldicarb
sulfoxide (aldicarb), DDE (DDT),
alpha-HCH (lindane), and DEA
(atrazine). Of the parent pesticides,
atrazine is the most heavily used, and
both it and DEA were widespread in
streams and ground water across the
Nation. The two were found together



HIGH DIAZINON CONCENTRATIONS IN
THE SAN JOAQUIN RIVER WERE
COMMON FOLLOWING WINTER
APPLICATION



Diazinon concentrations in the San
Joaquin River near Vernalis, California,
exceeded concentrations shown to be
toxic to aquatic life during January and
February 1993—following the winter
application of diazinon, a dormant spray
applied to control wood-boring insects in
almond orchards in the San Joaquin-
Tulare Basins.



ATRAZINE AND ITS BREAKDOWN
PRODUCTS WERE DETECTED
THROUGHOUT THE YEAR IN THE
WHITE RIVER BASIN
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in about 35 percent of stream samples
and about 25 percent of ground-water
samples from agricultural areas.



With few exceptions, most of the
other breakdown products were found
in fewer than 1 percent of samples in
each of the Study Units. However,
several breakdown products of
alachlor and metolachlor have been
frequently found in other studies,
often at much higher concentrations
than the parent pesticide.(34, 44) As
NAWQA evolves, more complete
analyses of breakdown products are
being added as analytical methods
and budget constraints allow.



CONCENTRATIONS IN
STREAMS FOLLOW STRONG
SEASONAL PATTERNS
Seasonal patterns in concentrations
and occurrences of pesticides in
agricultural streams, which tend to
repeat each year, correspond to
patterns in use and streamflow,
including contributions from ground
water. Generally, the number and
concentrations of herbicides found in
most agricultural streams were
highest from April through July,
whereas insecticides occurred more
variably throughout the summer. The
spring herbicide pulse was commonly
observed in corn-growing areas and
other agricultural areas shortly after



herbicide application, when herbicides
were transported to streams in runoff
induced by spring rain and irrigation.
In some parts of the Nation, other
patterns can occur. For example,
some insecticides, such as diazinon in
the San Joaquin-Tulare Basins, have
patterns of high concentrations during
the winter, resulting from the use of
dormant sprays on orchards.
Differences in patterns also may
result from local water-management
practices, including the timing of
reservoir storage and water use, the
timing of runoff from agricultural
fields due to irrigation or storms, or
ground-water contributions during
periods of low streamflow. Seasonal
patterns need to be characterized
and understood because they
dictate the timing of  high
concentrations in drinking-water
supplies and the times when
aquatic organisms may be exposed
to high concentrations during
critical stages of their life cycle. For
example, some water suppliers reduce
their use of certain surface-water
supplies during spring runoff.
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Trends in pesticide concentrations
follow changes in use
Pesticides in streams and ground water change over time as the types and
amounts of chemicals in use change. With the exception of organochlorine
insecticides, however, consistent data that are adequate for assessing long-term
trends have not been widely collected. Examples for the organochlorine
insecticides and recent changes in herbicide use illustrate the importance of
tracking such trends.



ORGANOCHLORINE INSECTICIDES HAVE DECREASED
A striking historical trend is the reduction in concentrations of
organochlorine insecticides in sediment and fish following
restrictions on their use, yet they continue to occur at levels of
concern. This trend is evident in sediment cores from lakes and
reservoirs and by comparison of NAWQA findings to historical
concentrations in fish measured by the U.S. Fish and Wildlife Service
(USFWS).



As sediment erodes from the land surface over time, it is deposited in
layers on the bottom of lakes and reservoirs. Age-dated sediment cores
that penetrate these layered deposits can be used to track trends in
sediment-associated contaminants within the drainage basin.
Concentrations of total DDT (DDT plus breakdown products DDE and
DDD) in sediment cores from lakes and reservoirs reflect high historical
use of DDT followed by a ban in 1972. DDT concentrations peaked
during the 1960s, which coincides with its peak use as an insecticide.
Total DDT concentrations in sediment have decreased since 1972 in all
sampled lakes and reservoirs that drain urban and agricultural areas
within the United States.(45)



Unlike DDT, aldrin and chlordane were used for termite control until
the late 1980s, long after their agricultural uses were cancelled in the
early 1970s. Chlordane and dieldrin concentrations peaked in many
agricultural areas during the 1970s, and decreased thereafter. In some
urban lakes and reservoirs, however, such as White Rock Lake in the
Trinity River Basin, chlordane and dieldrin peaked much later, probably
as a result of continued urban use during the 1980s. This watershed is
dominated by new (post-1960) urbanization.(46)



Concentrations of DDT, chlordane, and dieldrin in whole fish have
declined nationally since the 1970s. To assess trends in DDT
concentrations, NAWQA data for streams and rivers with mixed land
influences were compared with similar data from 1969 to 1986 collected
by the USFWS National Contaminant Biomonitoring Program.(47) Total
DDT concentrations in fish declined markedly from 1969 to the present.
The declines were greatest during the early 1970s, with concentrations
since the mid-1980s showing a slower decline or even a plateau.



Despite the observed national decline in total DDT concentrations,
the detection frequency for total DDT in whole fish from major rivers
remains high (94 percent in the 1990s), and locally contaminated areas
persist. This is probably caused by the presence of total DDT in the
streambed and continued inputs of total DDT to hydrologic systems as
contaminated soils erode into streams.
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RECENT CHANGES IN HERBICIDE USE HAVE BEEN RAPIDLY
REFLECTED IN STREAMS
Few studies have documented long-term trends in water concentrations of
currently used pesticides with sufficient consistency in locations, timing, and
methods to be conclusive. Recently, however, a major change has occurred in
herbicide use patterns for corn and soybeans, with a new compound, acetochlor,
partially replacing alachlor beginning in 1994. The increase in acetochlor
concentrations and decrease in alachlor concentrations in the White River from
1994 through 1996 illustrate the direct connection between chemical use and
concentrations in streams and in the major rivers into which they flow.



TRENDS IN HERBICIDE USE WITH TIME ARE REFLECTED IN STREAM QUALITY



Alachlor concentrations in streams in the White River steadily declined from 1992 through 1996 and corresponded with a decline in
alachlor use in the basin. Application of acetochlor, a corn herbicide registered for use in 1994, has partially replaced the use of
alachlor in the basin. Acetochlor was detected at only trace concentrations during the 1994 growing season. By 1996, acetochlor
was commonly detected in the White River, where a peak concentration of about 2 µg/L was measured.



STREAMS AND GROUND WATER RESPOND
DIFFERENTLY TO CHANGE
Generally, as pesticide use in a basin changes, concentrations in streams
quickly reflect these changes. In ground water, however, responses to trends in
pesticide-use patterns will be highly variable depending on the nature of the
flow system and variability in flow pathways, well depth, and other factors.
For the most part, changes in concentrations of pesticides in ground water are
much slower than in streams, and responses of ground water to changing use
can be delayed for years or decades in some systems.
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ABSTRACT 



 
Large quantities of the organophosphorous (OP) pesticides diazinon and chlorpyrifos are 
applied to agricultural and urban watersheds in California every year.  Although water 
quality managers recognize the need to reduce OP pesticide inputs from stormwater 
runoff, little data are available on the sources of OP pesticides in urban watersheds.  The 
goal of this study was to characterize diazinon and chlorpyrifos concentrations from 
different land uses indicative of source categories in urban southern California 
watersheds.  This characterization included analysis of 128 runoff samples from eight 
different land uses over five storm events.  In addition, 41 samples were collected from 
two sites located at the mouth of large, mixed land use, watersheds during three different 
storm events. 
 
Diazinon was consistently detected (93% of samples) during this study whereas 
chlorpyrifos was not (12% of samples).  Agricultural land use had the highest flow 
weighted mean (FWM) concentration of diazinon (4,076 ng/L), which exceeded the next 
highest land use categories (commercial, residential) by a factor of 10 to 100 (324 to 99 
ng/L, respectively).  Open space had the lowest concentration of diazinon (< 20 ng/L).  
Concentrations of diazinon at replicate land use sites and during replicate storm events at 
the same site were highly variable.  The difference in diazinon FWM concentrations 
among replicate sites ranged from 1.5 to 45-fold.  The difference in diazinon FWM 
concentrations among storms at the same site ranged from 1.25 to 30-fold.  Part of this 
variability is a response to the temporal patterns observed within a storm event.  The 
majority of land use site-events had peak concentrations prior to peak flow indicating a 
first flush, but this was not always a predictable temporal trend.  Additional sources of 
variability likely include pesticide usage within the catchment. 
 











Organophosphorous Pesticides in Stormwater Runoff from Southern California 



2 



 
INTRODUCTION 



 
Large quantities of the organophosphorous (OP) pesticides diazinon (O,O-diethyl-O-(2-
isopropyl-6-methyl-4-pyrimidinyl) phosphorothioate) and chlorpyrifos (O,O-diethyl-O-
(3,5,6-trichloro-2-pyridyl) phosphorothioate ) are applied to agricultural and urbanized 
watersheds in California every year.  An estimated 387 metric tons (mt) of diazinon and 
another 927 mt of chlorpyrifos were applied in 1999 based upon records kept by 
agricultural applicators and by commercial pest control operators (DPR 2000).  
Additional significant users of OP pesticides, particularly diazinon, are residential 
homeowners for exterior pest control.  Unfortunately, there are no estimates of diazinon 
or chlorpyrifos use during home applications although these pesticides can be purchased 
over-the-counter at most home improvement stores.  In southern California, where more 
than 17 million people reside, residential use of OP pesticides has the potential to be 
enormous. 
 
OP pesticides are toxic to a wide variety of non-target aquatic organisms including fish 
and invertebrates (Menconi et al. 1994a, 1994b).  OP pesticide usage in agricultural 
watersheds of California has  migrated into ambient surface waters and resulted in 
toxicity to the cladoceran Ceriodaphnia dubia (deVlaming et al. 2000).  However, OP 
pesticide usage is not restricted to agricultural watersheds.  Diazinon and chlorpyrifos 
have both been found in wet weather runoff from urban watersheds and resulted in 
discharge and ambient water column toxicity (Bailey et al 2000).  The consistent toxicity 
measured in urban wet weather discharges has led State regulators to add at least 32 
California streams to their list of impaired waterbodies (e.g., §303d list) for OP 
pesticides. 
 
Despite the demonstrated toxicity of diazinon and chlorpyrifos to aquatic organisms, 
there is a lack of understanding of the major sources of these pesticides in an urbanized 
watershed.  Source contributions are exacerbated in southern California’s arid 
environment where streams are routinely dry unless it is raining thus enabling longer time 
periods for OP pesticides to build-up within urban watersheds.  Moreover, when rain 
does occur, flow may change from < 1 cfs to > 10,000 cfs in a matter of minutes to hours 
enhancing pesticide transport to receiving waters (Tiefenthaler et al 2001a). This 
fundamental lack of data regarding source contributions of OP pesticides in stormwater 
runoff is a serious impediment to water quality managers attempting to control the 
discharge of these compounds to receiving water bodies.  The objective of this study was 
to measure concentrations from different land uses to assess their relative contributions of 
OP pesticides during storm events.  However, flow and water quality are highly variable 
within storms in southern California and understanding these dynamic relationships in 
flow and concentration may help water quality mangers determine the most effective 
actions for controlling OP pesticide in urban stormwater runoff.  Therefore, the goal of 
this study was to generate pollutagraphs that facilitate the evaluation of flow and 
concentration dynamics during storm events. 
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METHODS 
 
 
Sample Design 
 
Southern California is a semi-arid environment that typically receives 12 to 14 storm 
events annually averaging 28 cm of cumulative precipitation.  The wet season extends 
from October to April, but most of the precipitation occurs from January to March 
(between 12 and 8 cm per month).  Our sampling occurred  between January and April, 
2001. 
 
Six different land uses, ranging in size from 0.5 to 2.6 km2, were sampled throughout the 
Los Angeles region (Fig 1).  These land uses included residential, commercial(COM), 
industrial (IND), recreational (REC), agricultural, and open (OPEN).  Since residential 
and agricultural land uses were anticipated to be major sources of OP pesticides, replicate 
land use sites were examined to assess the variability within these land use categories.  
These replicates included high density (HDR) and low density (LDR) residential land use 
sites as well as row crop (AG-MIX) and commercial nursery (AG-NU) agricultural sites.  
Variability in runoff characteristics may arise from changes at the same land use among 
different storm events.  Therefore, each site was sampled for at least one storm event, and 
HDR, LDR, COM, IND, and AG-MIX were sampled for two storm events  
 
In order to relate loading from land use categories to final concentration in receiving 
waters, flow and concentration were measured during replicate  storm events in two 
major creeks draining the Santa Monica Bay watershed. These two creeks, Ballona Creek 
(ME-BC) and Santa Monica Canyon (ME-SM), each drain separate basins comprised of 
multiple land uses in varying proportions (Table 1). The sampling sites, referred to mass 
emission (ME) sites, are located just upstream of where the creeks discharge to Santa 
Monica Bay.   
 
Flow at the land use sites was measured at 15 intervals during most events, but extended 
to as much as 30 minutes during prolonged events, using either area-velocity meters in 
conjunction with stage measuring sensors or by estimating stage-discharge relationships 
using standard hydrologic equations.  Flow at ME sites was estimated at 15 minute 
intervals using historically derived and calibrated stage-discharge relationships.  
 
The goal of water quality sampling was to collect samples that were representative of the 
entire the hydrograph including rising, peak, and tailing flows.  Ten to 12 water quality 
samples were targeted for each site-event.  This sample size was statistically determined 
to be optimal for southern California watersheds based on the work of Leecaster et al 
(2001). All samples were collected with one of three methods: 1) peristaltic pumps with 
intakes fixed at the bottom of the channel or pipe pointed in the upstream direction in an 
area of undisturbed flow; 2) direct filling of the sample bottle either by hand or using a 
pole; or 3) indirect filling using an intermediate bottle for securing large volumes.  
Samples were stored immediately at 4OC until they were shipped to the laboratory for 
analysis. 
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Chemical Analysis 
 
Water samples were extracted by passing 1L of sample through a preconditioned (ethyl 
acetate followed by methanol) 90 mm 3M C18 solid phase extraction (SPE) disk.  
Analytes were eluted from the SPE disk using ethyl acetate.  The eluate was dried over 
sodium sulfate and rotoevaporated at 35 °C to 1ml with solvent exchange to hexane.  The 
hexane extract was then concentrated under nitrogen to 0.5 ml for analysis. 
 
Gas chromatographic (GC) analyses were performed using a Varian 3800 GC equipped 
with DB-XLB capillary column (60 m x 0.32 mm x 025 µm.) and a Varian Saturn 2000 
Ion Trap.  Helium was used as a carrier gas at constant flow of 1.2 ml/min.  Samples 
were fortified with 1-Bromo-2-nitrobenzene as an internal standard and injected in 
splitless mode in an injector at 250 °C.  The oven temperature profile was: 50 °C for 1 
min; 50-100 °C at 25 °C/min; 100-310 °C at 10 °C/min for 7 min.   
 
Field and laboratory blanks, laboratory duplicate and matrix spike samples were prepared 
and analyzed at a frequency of > 5%.  No blank samples contained target compounds at 
levels that exceeded the detection limit.  Laboratory duplicates were < 20% reproducible 
difference among paired samples.  Matrix spiked samples were all < 30% reproducible 
different from their nominal value. 
 
 
Data Analysis 
 
There were three steps for assessing wet weather runoff concentrations of OP pesticides 
from urban areas.  First, the flow-weighted mean (FWM) concentrations among the 
various land uses were compared to determine which land use had the greatest wet 
weather concentration.  The FWM was calculated according to equation 1: 
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where: FWM = Flow-weighted mean 
 Ci = Concentration of ith sample 
 Fi = Instantaneous flow at the time of ith sample 
 n = number of samples per event 
 
Samples below the detection limit were coded as the detection limit (20 ng/L for both 
diazinon and chlorpyrifos) for the purpose of estimating FWM concentrations.  The 
FWM concentrations were used to compare among land use categories, within replicate 
land use categories, and between replicate storm events at the same land use site.  
Second,  FWM concentrations were compared among ME sites to assess differences in 
concentrations among the two sub-basins.   Third, the pollutagraphs from individual 
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storm events were examined to determine the presence of runoff characteristics such as 
first flush or tail flush. Pollutagraphs were   plotted by graphing changes in concentration 
and flow over time.  A storm event was included in the analysis if the sampling 
adequately covered the event.  The criteria for adequate sampling coverage used for this 
study was initiation of sampling when flows were < 20% of peak flows and continuous 
sampling through peak flows until flows subsided to < 20% of peak flow.  Since 
watersheds in southern California have highly variable flows that may increase orders of 
magnitude during storm events, these criteria are considered  relatively  conservative.  
 
 
 



RESULTS 
 
Five of seven possible rain events, ranging in size from 0.16 to 1.05 in, were sampled 
throughout the study period of January 11 – April 15, 2001 (Table 2).  One to two storm 
events were sampled at each of the land use and mass emission sites during this period 
with storm flows lasting from 4 to 23 hours.  Mean flow ranged from 0.1 to 60.8 cfs in 
the land use sites, and peak flows ranged from 0.3 to 134 cfs.  While both flow and 
pesticide concentrations were sampled at the open space site during the February 10, 
2001 storm event, surface runoff flow infiltrated into the ground, so little change in flow 
was measured.  At the two ME sites, average flows ranged from 3.1 to 1346 cfs, with 
peak flows of 3780 cfs recorded in Ballona Creek. 
 
 
Comparison Among Land Use Types 
 
Diazinon was detected in 93% of all samples including 12 of 13 site-events.  
Concentrations of diazinon were highly variable among the various land uses, with a 
FWM concentration range from  < 20 to 4,076 ng/L; only the open land use site had 
diazinon concentrations below the detection limit.  In contrast, only 12% of the samples 
had detectable chlorpyrifos concentrations encompassing two of 13 site-events; only the 
mixed agriculture land use had FWM concentrations of chlorpyrifos above the detection 
limit.  These event FWM concentrations were 49.3 ± 2.1 and 22.9 ± 1.8 ng/L for the 
February 19 and March 14, 2001 storm events, respectively, with a site FWM of 36.7 ± 
1.4 ng/L.  Therefore, the remainder of the results section will focus on diazinon. 
 
The mixed agricultural land use site had the highest diazinon concentration, with a FWM 
concentration (4,076 ng/L) that was 10 to 100 times higher than that of any other land use 
type (Table 3).  Commercial land use had the second highest concentration of diazinon 
(324 ng/L).  The FWM from this site was three times that of the high density residential 
land use (99 ng/L).  The open space site had the lowest concentration of diazinon (< 20 
ng/L).  
 
Inter-storm variability in diazinon concentration was high, as shown by the difference in 
event FWM concentrations at sites in which two storms were sampled.  Mixed agriculture 
site showed the highest inter-storm variability, with a factor of 30 difference between 
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storm events (Table 3).  The variability between replicate storms was far less, but still 
substantial for the residential, commercial, and industrial land use types.  The FWM 
concentrations among storm events ranged from a factor of 1.25 to 7 difference at these 
sites. 
 
Comparisons within land use types, such as agricultural and residential showed large 
variability in diazinon FWM concentrations.  Runoff from the mixed agriculture site had 
site FWM concentration approximately 45 times higher than the other agricultural use 
measured (nursery areas; Table 3). The variability within land use was considerably less 
within residential land uses, where the FWM diazinon concentration at the high density 
residential site was a factor of 1.5 higher than at the low density residential site. 
 
 
Comparison Among Mass Emission Sites  
 
Diazinon was detected in 100% of the samples at both ME sites during the study.  In 
contrast, chlorpyrifos was  detected  in only 3 of 41 samples taken at the ME sites (7%).  
All three of the samples were collected during the February 10, 2001 event at Santa 
Monica Canyon, yielding an event FWM concentration near the detection limit ( 20.5 ±  
0.9 ng/L).   
 
Santa Monica Canyon had a site FWM diazinon concentration that was 87 % higher than 
that of Ballona Creek, but because of the high inter-storm variability in Santa Monica 
Canyon, these concentrations were not significantly different (p-value < 0.05; Table 4). 
Event FWM concentrations during the February 19, 2001 storm were roughly equivalent 
between the two ME sites, while the April 7, 2001 event sampled in Santa Monica 
Canyon had a two-fold greater concentration than the same event in Ballona Creek. 
 
 
Temporal Variability Within Storm Events 
 
There was no clear and consistent pattern of within storm variability at each of the land 
use sites (Fig 2).  The majority of land site-events showed evidence of a “first flush” of 
diazinon.  Seven of the 13 total land use site-events had the maximum diazinon 
concentration prior to peak flow.  Concentration maxima were observed during peak and 
tailing flows at one site-event each, respectively.  The remaining four land use site-events 
had no discernable pattern of changes in diazinon concentration within the storm event. 
 
The ME sites had an array of pollutagraphs similar to the patterns observed at the land 
use sites (Fig 2).  Three of the four ME site-events had peak diazinon concentrations prior 
to peak flow.   
 
 
 











Organophosphorous Pesticides in Stormwater Runoff from Southern California 



7 



DISCUSSION 
 
Of all the sources evaluated, the agricultural land use generated the greatest 
concentrations of diazinon in stormwater runoff.  Others have supported this finding 
when concentrations of diazinon in ambient surface waters significantly increased after 
storm events that followed field or orchard applications (deVlaming et al 2000).  
Therefore, agricultural practices are often the major target considered when looking for 
the most effective and direct management actions.  In urban watersheds, however, 
agriculture can be an insignificantly small proportion of the watershed.  In our targeted 
mass emission watersheds for example, agriculture comprised less than 0.1% of the total 
land use.  Therefore, agricultural controls in an urban watershed will produce negligible 
effects on runoff water quality. 
 
From an urban perspective, commercial and residential land uses had the greatest 
concentrations of diazinon.  Although little work examining sources has been published, 
Bailey et al (2000) showed that predominately residential subwatersheds generated higher 
runoff concentrations of diazinon than predominately industrial subwatersheds.  This 
makes intuitive sense since most urban applications of diazinon are either conducted by 
commercial pest control operators or by homeowners themselves.  Unfortunately, the 
present study was not designed to assess the relative contribution among homeowners 
and commercial pest control operator applications in residential land use runoff.  
However, a total maximum daily load (TMDL) for diazinon in San Diego, California, 
estimated that commercial pest control operator applications represented less than 40% of 
the total diazinon use in that urban watershed (SDRWQCB personal communication). 
 
The variability of diazinon concentrations within land use replicates, or among different 
storms at the same land use are likely a function of rainfall and OP pesticides use within 
the subwatershed.  Variations in rainfall can alter the build up and wash off of pollutants 
within watersheds.  For example, variations in antecedent rainfall and precipitation, as 
well as intensity and duration are factors that can influence event mean concentrations for 
other constituents (Sansalone and Buchberger et al 1997, Bertrand-Krajewski et al 1998).  
Recent studies in the Los Angeles Region have led to similar conclusions (Tiefenthaler et 
al 2001b).  However, pesticide use can also have an affect on runoff water quality.  In 
San Diego, a telephone survey was conducted in support of the diazinon TMDL (URS 
2000).  Results showed that most homeowners apply OP pesticides throughout the year, 
often without regard to subsequent irrigation or precipitation. 
 
Most of the diazinon concentrations found during this study exceeded thresholds of 
concern established by the State of California.  The California Department of Fish and 
Game has established water quality guidelines of 80 ng/L based upon expected toxicity to 
aquatic organisms (Menconi et al 1994b).  All of the samples collected at the ME sites 
exceeded this threshold.  At least 8 of the 13 FWMs collected at land use sites during this 
study exceeded this threshold; every storm had at least one sample that exceeded these 
guidelines.  Therefore, even the land uses that contributed relatively lower concentrations 
of diazinon could be considered a risk to aquatic life by the state.   
 











Organophosphorous Pesticides in Stormwater Runoff from Southern California 



8 



One way the current data can be used to assist stormwater managers in difficult decision-
making is to develop a dynamic water quality model.  The dynamic model can be used to 
identify locations (i.e. important subwatersheds) where the most effective reductions 
should be tested and implemented.  Furthermore, the model could be used to identify the 
most efficient use of best management practices (BMPs) within that subwatershed.  For 
example, this study observed that a first flush often occurred during most storm events.  
A dynamic water quality model could be used to identify the optimum conditions that a 
structural BMP would be most effective including amount of volume treated, amount of 
diazinon reduction necessary to meet targets, etc.  The model development, however, is 
hindered by the lack of understanding about the effectiveness of the different BMPs that 
currently exist for reducing OP pesticide concentrations. 
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Table 1.  Land use characteristics of the mass 
emission watersheds.  
 
 Percent Land Use 



Land Use 



Ballona 
Creek 



(338 km2 )  



Santa 
Monica 
Canyon 
(41 km2) 



Agriculture <0.1 - 
Industrial 7.3 0.0 
Commercial 15.5 0.7 
High Density Residential 50.3 11.6 
Low Density Residential 3.4 8.5 
Mixed Urban 4.9 - 
Recreation 1.3 1.6 
Open 16.4 77.6 
Water 0.9 <0.1 
   
Total 100.0 100.0 
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Table 2. Land use and mass emission site sampling dates, duration of sampling, and mean 
and peak flow measured. 



 
Date of Storm 



Event 
Rainfall 



(in) 
Sampling 



Duration (hrs) 



Mean 
Flow 
(cfs) 



Peak Flow 
(cfs) 



LAND USE SITES       
2/10/2001 0.16 11 2.89 19.87 High Density 



Residential 2/19/2001 0.17 10 2.16 8.24 
2/19/2001 0.44 4 2.39 3.41 Low Density 



Residential 3/4/2001 1.05 8 0.66 2.52 
2/19/2001 0.44 4 0.14 0.28 



Commercial 
4/7/2001 0.73 6 0.28 0.64 
2/10/2001 0.30 23 8.94 63.60 



Industrial 
2/19/2001 0.16 11 7.25 27.32 
2/19/2001 0.20 5 0.91 1.50 



Agriculture (Mixed) 
3/4/2001 0.58 8 0.76 1.88 



Agriculture (Nursery) 4/7/2001 0.81 7 60.83 134.22 
Recreational 2/19/2001 0.17 5 0.59 1.55 
Open Space 2/10/2001 0.16  6  <0.01a <0.01 



MASS EMISSION 
SITES  



     



2/19/2001 0.40 9 1345.51 3779.70 
Ballona Creek 



4/7/2001 0.54 20 1151.26 3561.20 
2/19/2001 0.44 9 3.11 40.00 



Santa Monica Canyon 
4/7/2001 0.73 8 22.87 106.69 



 
a change in flow not detected at this site. 
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Table 3. Event flow-weighted mean (FWM) and site FWM concentration of diazinon by land 
use type 
 



Land Use Site Sampling Dates Sample Size 



Event Flow-
Weighted Mean 
Conc.± 95% CI 



(ng/L) 



Site Flow-Weighted Mean 
Conc.± 95% CI (ng/L) 



2/10/2001 10 125.3 ± 6.1 
High Density Residential 



2/19/2001 10 90.1 ± 6.9 
99.2 ± 12.6 



2/19/2001 10 55.9 ± 5.9 
Low Density Residential 



3/4/2001 11 94.6 ± 5.5 
67.6 ± 4.4 



2/19/2001 10 66.2 ± 8.9 
Commercial 



4/7/2001 10 440.9 ± 79.1 
324.0 ± 57.0 



2/10/2001 10 106.5 ± 11.0 
Industrial 



2/19/2001 7 53.6 ± 15.0 
89.6 ± 8.7 



2/19/2001 10 6999.8 ± 309. 8 
Agriculture (Mixed) 



3/4/2001 10 219.6 ± 49.5 
4076.0 ± 178.3 



Agriculture (Nursery) 4/7/2001 10 148.0 ± 11.5 148.0 ± 11.5 
Recreational  2/19/2001 10 63.2 ± 11.8 63.2 ± 11.8 
Open Space 2/10/2001 10 < 20 ± 0 < 20 ± 0 
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Table 4. Event flow-weighted mean (FWM) and site FWM concentration of diazinon by 
mass emission site 
 



Mass Emission 
Site 



Sampling Dates Sample Size 
Event Flow-Weighted 
Mean Conc.± 95% CI 



(ng/L) 



Site Flow-Weighted Mean 
Conc.± 95% CI (ng/L) 



2/19/2001 10 227.1 ± 37.4 
Ballona Creek 



4/7/2001 10 252.3 ± 57.9 
242.9 ± 39.0 



2/19/2001 10 239.1 ± 49.3 Santa Monica 
Canyon 4/7/2001 10 505.3 ± 255.9 



452.3  ± 205.3 
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Figure 1.  Map of land use and mass emission sites throughout the Los Angeles region 
(see text for abbreviations).  Mass emission watersheds are highlighted 
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Figure 2.  Pollutagraphs of storm events for various land use and mass emission sites.  
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Site ID Land Use Description 



LU01 High Density Residential (HDR) Mixed 
LU03 Low Density Residential (LDR) Sewer 
LU08 Commercial Without Homeless 
LU09 Industrial Mixed 
LU14 Agriculture (Ag) Mixed 
LU15 Agriculture (Ag) Nursery 
LU17 Recreation (Rec) Horse 
LU21 Open Space 
ME05 Ballona Creek 
ME06 Santa Monica Canyon 
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   LU01 - HDR Mixed  



     
Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L) 



02/10/2001 5:10 2.45 160.1 <20 
02/10/2001 5:40 5.86 125.1 <20 
02/10/2001 6:10 8.05 118.4 <20 
02/10/2001 6:40 8.35 111.1 <20 
02/10/2001 7:10 5.96 118.2 <20 
02/10/2001 7:40 19.87 126.4 <20 
02/10/2001 8:35 3.23 125.5 <20 
02/10/2001 9:15 1.34 148.0 <20 
02/10/2001 9:45 0.84 151.4 <20 
02/10/2001 10:15 0.74 186.1 <20 



     
Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L) 



02/19/2001 14:40 1.64 104.7 <20 
02/19/2001 15:00 8.24 90.6 <20 
02/19/2001 15:15 7.05 - - 
02/19/2001 15:30 5.87 83.9 <20 
02/19/2001 15:45 3.78 79.0 <20 
02/19/2001 16:00 3.36 104.5 <20 
02/19/2001 16:15 3.36 - - 
02/19/2001 16:30 2.55 91.5 <20 
02/19/2001 17:00 2.49 82.2 <20 
02/19/2001 17:30 3.95 86.1 <20 
02/19/2001 18:00 6.32 105.0 <20 
02/19/2001 18:30 3.55 74.1 <20 
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  LU03 - LDR Sewer  



     
Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L) 



02/19/2001 14:00 0.80 99.5 <20 
02/19/2001 14:20 1.95 74.3 <20 
02/19/2001 14:40 2.81 62.3 <20 
02/19/2001 15:00 2.92 56.3 <20 
02/19/2001 15:20 2.63 48.5 <20 
02/19/2001 15:40 3.41 56.4 <20 
02/19/2001 16:00 3.20 54.0 <20 
02/19/2001 16:30 3.32 53.3 <20 
02/19/2001 17:15 2.68 39.1 <20 
02/19/2001 18:00 0.74 44.8 <20 



        



Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L) 



03/04/2001 18:30 0.11 86.3 <20 
03/04/2001 19:00 0.04 - - 
03/04/2001 19:30 0.15 74.4 <20 
03/04/2001 20:00 0.05 - - 
03/04/2001 21:00 0.01 86.4 <20 
03/04/2001 23:10 0.00 67.6 <20 
03/04/2001 23:25 0.39 73.8 <20 
03/04/2001 23:40 1.47 92.5 <20 
03/04/2001 23:55 1.78 85.3 <20 
03/05/2001 0:10 2.25 95.1 <20 
03/05/2001 0:40 2.14 97.7 <20 
03/05/2001 1:10 0.61 90.1 <20 
03/05/2001 1:40 2.13 105.4 <20 
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       LU08 - Commercial Without Homeless 
     



Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L) 



02/19/2001 13:38 0.01 139.6 <20 
02/19/2001 13:58 0.03 134.8 <20 
02/19/2001 14:18 0.10 112.0 <20 
02/19/2001 14:40 0.22 65.4 <20 
02/19/2001 14:55 0.20 55.1 <20 
02/19/2001 15:10 0.17 54.4 <20 
02/19/2001 15:25 0.17 61.1 <20 
02/19/2001 15:55 0.28 64.5 <20 
02/19/2001 16:25 0.13 58.4 <20 
02/19/2001 17:25 0.07 67.9 <20 



        
        



Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L) 



04/07/2001 3:15 0.33 315.1 <20 
04/07/2001 3:45 0.28 643.7 <20 
04/07/2001 4:15 0.20 414.4 <20 
04/07/2001 4:45 0.16 - - 
04/07/2001 5:15 0.17 263.6 <20 
04/07/2001 6:00 0.29 346.4 <20 
04/07/2001 6:45 0.17 - - 
04/07/2001 7:30 0.09 326.0 <20 
04/07/2001 8:00 0.47 620.2 <20 
04/07/2001 8:30 0.64 456.2 <20 
04/07/2001 9:00 0.43 374.1 <20 
04/07/2001 9:30 0.13 370.2 <20 
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                  LU09 - Industrial Mixed  



     
Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L) 



02/10/2001 6:00 7.88 55.6 <20 
02/10/2001 6:30 21.20 59.4 <20 
02/10/2001 7:00 48.00 109.5 <20 
02/10/2001 7:30 63.60 97.1 <20 
02/10/2001 8:00 52.40 105.0 <20 
02/10/2001 8:30 32.40 113.0 <20 
02/10/2001 9:00 14.30 142.1 <20 
02/10/2001 9:30 8.02 153.0 <20 
02/10/2001 10:00 5.78 138.1 <20 
02/10/2001 10:30 4.42 140.6 <20 



        
        



Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L) 



02/19/2001 16:00 2.03 20.0 <20 
02/19/2001 16:20 2.87 20.0 <20 
02/19/2001 16:45 7.68 85.9 <20 
02/19/2001 17:05 21.47 20.0 <20 
02/19/2001 17:25 27.32 61.0 <20 
02/19/2001 17:45 24.50 61.7 <20 
02/19/2001 18:05 17.28 63.7 <20 
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                    LU14 - Ag Mixed  



     
Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L) 



02/19/2001 15:30 1.50 7549.9 50.4 
02/19/2001 15:45 1.30 7560.1 42.7 
02/19/2001 16:00 1.13 7190.0 47.5 
02/19/2001 16:15 1.25 6491.9 51.6 
02/19/2001 16:30 1.20 6463.7 51.1 
02/19/2001 16:45 1.10 6918.0 51.2 
02/19/2001 17:00 0.84 6530.2 51.5 
02/19/2001 17:15 0.63 7433.2 47.1 
02/19/2001 17:30 0.46 6945.1 50.7 
02/19/2001 17:45 0.35 6275.6 52.4 



        
        



Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L) 



03/04/2001 17:45 0.33 466.1 <20 
03/04/2001 18:15 0.27 386.0 <20 
03/04/2001 19:15 No Data - - 
03/04/2001 20:15 0.67 352.9 22.1 
03/04/2001 21:15 0.55 265.8 <20 
03/04/2001 22:15 0.27 259.8 24.5 
03/04/2001 22:45 No Data - - 
03/04/2001 23:00 1.40 245.6 24.5 
03/04/2001 23:15 1.28 221.8 24.9 
03/04/2001 23:35 1.88 195.4 25.5 
03/04/2001 23:55 1.50 127.6 <20 
03/05/2001 0:15 No Data - - 
03/05/2001 1:30 0.82 88.2 <20 
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                      LU15 - Ag Nursery  



     
Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L) 



4/7/01 5:00 7.84 294.4 - 
4/7/01 5:30 39.49 179.4 - 
4/7/01 6:00 94.24 141.5 - 
4/7/01 6:30 113.83 126.6 - 
4/7/01 7:00 44.36 160.6 - 
4/7/01 8:00 24.55 145.2 - 
4/7/01 8:45 98.29 162.2 - 
4/7/01 9:30 59.86 163.2 - 
4/7/01 10:15 134.22 142.4 - 
4/7/01 11:30 34.80 109.2 - 
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                    LU17 - Rec Horse  



     
Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L) 



02/19/2001 14:30 0.23 20.0 - 
02/19/2001 14:45 0.43 28.5 - 
02/19/2001 15:00 0.46 29.0 - 
02/19/2001 15:15 0.38 37.5 - 
02/19/2001 15:30 0.39 65.1 - 
02/19/2001 16:00 0.63 71.3 - 
02/19/2001 16:30 0.62 73.3 - 
02/19/2001 17:00 0.80 73.5 - 
02/19/2001 17:30 1.25 77.9 - 
02/19/2001 18:15 0.69 79.4 - 



 











Organophosphorous Pesticides in Stormwater Runoff from Southern California 



 Appendix B10 



 



                    LU21 - Open Space  



     
Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L) 



02/10/2001 4:50 <0.01 <20 <20 
02/10/2001 5:45 <0.01 <20 <20 
02/10/2001 6:15 <0.01 <20 <20 
02/10/2001 7:00 <0.01 <20 <20 
02/10/2001 7:30 <0.01 <20 <20 
02/10/2001 8:30 <0.01 <20 <20 
02/10/2001 9:15 <0.01 <20 <20 
02/10/2001 9:45 <0.01 <20 <20 
02/10/2001 10:15 <0.01 <20 <20 
02/10/2001 11:10 <0.01 <20 <20 
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         ME05 - Ballona Creek  



     
Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L) 



02/19/2001 14:55 21.24 240.0 <20 
02/19/2001 15:15 23.12 748.4 <20 
02/19/2001 15:35 29.41 477.9 <20 
02/19/2001 15:55 51.58 341.1 <20 
02/19/2001 16:15 454.00 288.8 <20 
02/19/2001 16:35 1387.40 235.0 <20 
02/19/2001 17:10 3427.60 281.0 <20 
02/19/2001 17:40 3716.10 245.8 <20 
02/19/2001 18:10 3644.30 201.9 <20 
02/19/2001 19:10 2882.10 156.7 <20 



        



Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L) 



4/7/01 3:45 2205.70 368.7 <20 
4/7/01 4:45 3133.00 447.8 <20 
4/7/01 5:15 3534.20 266.3 <20 
4/7/01 5:45 3468.20 269.1 <20 
4/7/01 6:45 3017.40 169.8 <20 
4/7/01 7:45 2079.30 183.4 <20 
4/7/01 8:45 2128.20 204.5 <20 
4/7/01 9:15 2170.10 190.6 <20 
4/7/01 9:45 2238.40 182.6 <20 
4/7/01 10:45 2653.40 179.7 <20 
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         ME06 - Santa Monica Canyon  



     
Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L) 



02/10/2001 3:30 0.62 576.8 <20 
02/10/2001 4:00 5.28 371.3 <20 
02/10/2001 4:30 5.50 301.3 22.9 
02/10/2001 5:00 3.88 257.6 <20 
02/10/2001 5:30 1.14 228.9 <20 
02/10/2001 6:30 40.00 208.5 <20 
02/10/2001 7:30 1.13 214.1 32.2 
02/10/2001 8:30 0.38 194.9 25.6 
02/10/2001 9:00 0.26 168.1 <20 
02/10/2001 9:30 0.18 114.4 <20 



         
        



Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L) 



4/7/01 4:30 54.38 300.7 <20 
4/7/01 5:00 25.23 257.3 15.3 
4/7/01 5:30 25.35 271.8 17.8 
4/7/01 6:00 15.54 282.7 <20 
4/7/01 6:30 8.72 254.4 19.5 
4/7/01 7:30 6.27 248.9 <20 
4/7/01 8:30 6.21 219.6 <20 
4/7/01 9:00 67.42 891.6 <20 
4/7/01 9:30 18.99 851.6 <20 
4/7/01 10:30 6.98 462.7 <20 
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Societal concerns for the quality of our water resources continue, as many of
the Nation’s streams and coastal waters do not meet water-quality goals. States
report that 40 percent of the waters they surveyed are too contaminated for basic
uses, such as fishing and swimming. Some progress has been made since
passage of the Clean Water Act in 1972. Since the early 1970s, private and
public sectors have spent more than $500 billion on water-pollution control,
much of which has been directed toward municipal and industrial point
sources.(1) Although some violations still occur, this legislation has had a positive
effect on limiting contaminants from point sources entering streams.



Progress in cleaning up contamination from point sources has not yet been
matched by control of contaminated runoff from nonpoint sources, including
fertilizers and pesticides applied in agricultural and urban areas, and nutrients
from human and animal wastes. The challenges are great because nonpoint
sources are ubiquitous yet highly variable causes of water-quality problems,
making them difficult to evaluate and control.



Beginning in the early 1990s, widespread environmental and public-health
concerns resulted in a Federal water-quality initiative to work with the Nation’s
farmers to protect surface water and ground water from nutrient and pesticide
contamination. To address these national concerns, nutrients and pesticides were
two of the first water-quality issues evaluated by the NAWQA Program. This
report, which presents regional and national insights on these chemicals, is
based on a compilation of findings from the first 20 NAWQA Study Units.



Concerns about nutrients



Nitrogen and phosphorus are essential
for healthy plant and animal popula-
tions; however, elevated concentra-
tions of these nutrients can degrade
water quality. Excessive nitrate in
drinking water can result in “blue-
baby syndrome,” which causes
oxygen levels in the blood of infants to
be low, sometimes fatally. Elevated
nitrogen and phosphorus concentra-
tions in surface water can trigger
eutrophication, resulting in excessive,
often unsightly, growth of algae and
other nuisance aquatic plants. These
plants can clog water intake pipes and
filters and can interfere with recre-
ational activities, such as fishing,
swimming, and boating. Subsequent
decay of algae can result in foul odors,
bad taste, and low dissolved oxygen in
water (hypoxia). Excessive nutrient
concentrations have been linked to
hypoxic conditions, such as those
found in the Gulf of Mexico, which
can harm fish and shellfish that are
economically and ecologically
important to the Nation. High nutrient
concentrations also are believed to be
one cause for the growth of the
dinoflagellate Pfiesteria, found in
Atlantic coastal waters. This form of
algae is potentially toxic to fish and
other organisms, including humans.
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NAWQA findings address these key questions about nutrients and pesticides…



• Which nutrients and pesticides are found in streams and ground water across the Nation? At what concentrations?



• Are elevated concentrations more prevalent in certain geographic regions and environmental settings?



• How do differences in land use, chemical use, land-management practices, and natural processes help explain differences in
   vulnerability to contamination of streams and ground water?



• Are nutrient and pesticide concentrations elevated only at certain times of the year? Are concentrations changing over time?



• What are the implications to human health and the environment?



• How is this information useful for guiding future research, monitoring, and water-management and protection strategies related
   to nutrients and pesticides?



One of the challenges and goals for NAWQA in the first 20 Study Units was
to explain where nutrients and pesticides (which include herbicides, insecticides,
and other classes of pesticides) commonly occur, and why some land-use and
environmental settings are more vulnerable to contamination than others,
particularly during certain times of the year. Stream quality was monitored
seasonally and during high-flow events, such as storms and periods of peak
irrigation, as well as over several years, to better understand when changes
occur. By NAWQA design, an initial 3 to 4 years of intensive study are followed
by 6 to 7 years of low-level monitoring, at which time intensive study resumes to
assess water-quality changes.



Streams and shallow ground water in agricultural, urban, and some
undeveloped (mostly forested) settings were studied in the first 20 Study Units.
The agricultural areas are diverse in climate and geography, and they span
coastal, desert, and temperate environmental settings. They include areas of corn
and soybean production in the Midwest; areas of production of wheat and other
grains in the Great Plains; areas of mixed row crop and poultry production in the
East; rangeland grazing and cattle feeding operations in the arid Southwest; and
areas of intensive production of grain, fruits and nuts, vegetables, and specialty
crops in California and the Pacific Northwest.



Sampling of streams and shallow ground water in urban areas represented
primarily residential land use, typically with low to medium population
densities.(2) In general, the urban assessments focused on nonpoint sources of
contaminants, although some sampling of rivers was done downstream from
major metropolitan areas (such as Atlanta and Denver, which have point
discharges from municipal wastewater treatment plants).



Nutrients and pesticides also were assessed in major rivers and in aquifers
commonly used for drinking water. These resources represent integrated water-
quality effects from multiple land uses and environmental settings that occur
within relatively large contributing areas.



Concerns about pesticides



Pesticides, used to control weeds,
insects, and other pests, receive
widespread public attention because
of potential impacts on humans and
the environment. Depending on the
chemical, possible health effects from
overexposure to pesticides include
cancer, reproductive or nervous-
system disorders, and acute toxicity.
Similar effects are possible in the
aquatic environment. Recent studies
suggest that some pesticides can
disrupt endocrine systems and affect
reproduction by interfering with
natural hormones.



The NAWQA Program was
not intended to assess the
quality of the Nation’s
drinking water, such as by
monitoring water from taps.
Rather, NAWQA assessments
focus on the quality of the resource
itself, thereby complementing many
ongoing Federal, State, and local
drinking-water monitoring programs.
Comparisons made in this report to
drinking-water standards and
guidelines are made only in the context
of the available untreated resource.











4








			A systematic approach to understanding nutrients









Env PAG/tdcappendices.pdf




Insecticide Market Trends And Potential Water Quality Implications    DRAFTDRAFTDRAFTDRAFT 



DRAFTDRAFTDRAFTDRAFT 99  



APPENDIX A.  SHELF SURVEY MEMORANDUM 
Information in this appendix:   
Memorandum summarizing insecticide shelf survey data used in the selection of study 
list pesticides (see Section 2). 
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MEMO 
 



TO: Bill Johnson DATE:  March 15, 2002 



FROM: Kelly D. Moran PROJECT:  33a   
SUBJECT: Shelf Surveys at Orchard Supply Hardware and Home Depot 
       



On March 7 and 13, I visited two major pesticide retailers in the San Francisco Bay Area 
(Orchard Supply Hardware in Foster City and Home Depot in San Mateo) to survey 
insecticide products available for sale.  These informal shelf surveys focused on 
identification of the products coming on the market to replace diazinon and chlorpyrifos.  
I obtained product brand name, insecticide active ingredient, formulation type, and 
application location1 for insecticides.  I omitted all non-chemical insect controls, all baits, 
and all diazinon products from the survey.  I also omitted soaps, Neem extract, and oils.  
This was a wintertime survey, so the selection of lawn care products was relatively 
smaller than previously observed during summer and fall surveys. 
 
In general, the nature of the insecticide product mix has changed substantially since I last 
surveyed the shelves of these stores a little over a year ago (December 20002).  Major 
findings were: 



• Diazinon and chlorpyrifos phase out is evident.  All chlorpyrifos products were 
gone as were most diazinon products.  Remaining diazinon products included 
concentrates, granules and dusts in small and large quantities.  The dusts were 
especially surprising, as these dust products—including the large quantity product 
in a 5-pound bag—were not previously observed.  Some products were 
accompanied by shelf talkers saying “Looking for Dursban?” and recommending 
the product as a replacement. 



• Brand mix has changed.  Ortho had substantially reduced shelf space at both 
stores.  At one store, it was replaced by a new display of least-toxic controls and 
additional shelf space for the Bayer Advanced brand.  At the other store, Real-Kill 
and Spectracide products were the primary replacements. 



• Formulation mix has changed.  The most important change was that there were far 
more dusts and far fewer granules.  Foggers have also obtained much more shelf 
space in the last year.  At one store, there were fewer concentrate products and 
more shelf space was devoted to ready-to use products (both hand pump liquids 
and aerosol cans); however, this change was not observed at the other store.  
Some of these observations may be seasonal. 



• Application instructions on new products are similar to instructions on diazinon 
and chlorpyrifos products.  Many products had “band around the structure” 



                                                 
1 Application location was not obtained for aerosols and foggers. 
2 Described in Diazinon & Chlorpyrifos Products:  Screening for Water Quality Implications, TDC 
Environmental, May 15, 2001. 
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application instructions.  All formulations were also available for applications on 
lawns and ornamental landscaping.  Many products have instructions for indoor 
applications, also similar to those observed for now phased out chlorpyrifos 
products.  Several liquid and dust products that appear to be intended primarily 
for other uses also had instructions for applications directly to dogs and cats. 



• Use of synergists was much less than anticipated.  Only six products at each store 
contained one of the two observed synergists (PBO and n-octylbicycloheptene 
dicarboximide).  None of these products was labeled for outdoor structural pest 
control or lawn uses; only two were outdoor use products (for ornamental 
landscaping).  Ten of the 12 products with synergists were foggers or aerosols.  
One fogger product and one flea shampoo contained both synergists.  Four of five 
products with pyrethrins contained synergists.  Other active ingredients in 
products with synergists were allethrin, permethrin, S-methoprene, prallethrin, 
esfenvalerate, tetramethrin, and phenothrin.   



 
On the basis of the results of the previous related study,3 the most important products 
from a water quality perspective are those: 



• Sold in containers with larger volumes of active ingredient 
• Concentrates (require mixing, more active ingredient per container) 
• With application instructions for “band around structure” and lawn applications. 



Products of lower water quality concern are: 
• Containerized baits 
• Aerosols (because they have a small volume of active ingredient) 
• Products with limited application locations in landscaping (e.g., products 



specifically for roses)  
 
A total of about 60 products meeting the survey criteria were on sale at each store, some 
in multiple container sizes.  The products contained 27 individual insecticide active 
ingredients (two of which are simply selected sterioisomers of other insecticides, for a 
total of 25 different substances) and two synergists.  All ready-to-use liquid were in 
volumes of 24 ounces or more; most also were available in 128-ounce size.  No 
concentrates were observed in volumes greater than 32 ounces.  Dusts and granules were 
in 1-pound shaker cans and in 5 and 10 pound bags. 
 
Attached tables summarize the active ingredients, formulations, and sites of use most 
important for water quality purposes.  The tables show a relatively large number of active 
ingredients are replacing diazinon and chlorpyrifos in retail insecticides.  Most of these 
ingredients are from a family of insecticides known as “pyrethroids.”  Because these 
insecticides have similar chemical structures and a common mode of action, it is likely 
that they will have cumulative effects in the environment. 



                                                 
3 ibid 
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Ingredient Analysis:  Home Depot Survey March 13, 2002 
 Number of Observed Products 



Active Ingredient 
Structure-
Outdoors Lawn 



Indoor 
non-



aerosol 
Grand 
Total 



Aerosol 
Only Dust Granule Concentrate Fogger 



RTU 
Liquid Fertilizer Foam 



Acephate 2 1   5    3     
Allethrin    8 X       1 
Bifenthrin 2 2 2 4    1  2 1  
Carbaryl  1  1    1     
Cyfluthrin 2 2  3   1 1  1   
Cypermethrin    1 X        
Dimethoate (being cancelled) 1   1    1     
Disulfoton    1   1      
Esfenvalerate 1 1  1    1     
Imidacloprid    2    1  1   
Imiprothin    1 X        
Malathion 2 1  2    2     
Mint Oil    2 X        
Nylar   1 1      1   
Permethrin 6 3 4 16  2 2 3 4 2   
Phenothrin/Sumethrin   1 7  1       
Pyrethrins   2 6     1 3   
Resmethrin    3 X        
S-Methoprene    1 X        
Tetramethrin    5     1    
Tralomethrin 1  3 8     2 1  1 
Synergist                         
n-octylbicycloheptene dicarboximide 1 4     1 1   
PBO   1 4      2   
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Ingredient Analysis:  OSH Survey, March 7, 2002 
    Number of Observed Products     



Active Ingredient 
Structure-
Outdoors Lawn 



Indoor non-
aerosol 



Total 
excluding 
aerosols 



Grand 
Total 



Aerosol 
Only Dust Granule Concentrate Fogger 



RTU 
Liquid 



Acephate 0 1 0 3 4     3   
Allethrin/D-Trans Allethrin 0 0 0 0 8 X      
Bifenthrin 2 2 1 3 3     1  2 
Boric Acid 0 0 0 1 1     1   
Carbaryl 1 2 1 3 3   1  1  1 
Cedar oil 0 0 0 0 1 X      
Cyfluthrin/Beta Cyfluthrin 6 4 1 8 8    2 2  3 
Cypermethrin 0 0 1 1 3      1  
Disulfoton 0 0 0 2 2    2    
Esfenvalerate 2 1 0 2 3     1  1 
Hydramethylnon 1 0 0 1 1    1    
Imidacloprid 0 0 0 3 3     2  1 
Imiprothrin 0 0 0 0 2 X      
Malathion 1 0 0 1 1     1   
Mint oil 0 0 0 0 1 X      
S-Methoprene 0 0 1 1 1      1  
Permethrin 4 3 7 12 16   2 2 3 3 2 
Phenothrin 0 0 0 0 4 X      
Prallethrin 0 0 0 0 1 X      
Pyrethrins 0 0 2 3 4      2 1 
Resmethrin 0 0 0 0 2 X      
Tetramethrin 0 0 1 1 3      1  
Tralomethrin 1 0 1 1 3           1 
Synergist                       
n-octylbicycloheptene dicarboximide 0 0 2 2 4 X      
PBO 0 0 1 2 3       1 
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APPENDIX B.  SUMMARY OF RELEVANT INFORMATION FROM 
USEPA DOCUMENTS 
Information in this appendix:   
Summary of information obtained from USEPA documents regarding insecticides on the 
initial insecticide candidate list (see Section 2). 
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Summary Of Relevant Information From USEPA Documents  
Pesticide Notes 
Acephate The 2001 IRED indicates that acephate has relatively low aquatic toxicity 



and explains that aquatic risks are low.  The IRED calls for ending all 
residential indoor uses, prohibiting application via low-pressure handwand 
for perimeter treatment by professional applicators, for trees, shrubs, and 
outdoor floral, and for the control of wasps’ and terminating all turf grass 
uses (except golf course, sod farm, and spot or mound treatment for ant 
control).  The IRED also says turf application rates for sod and golf courses 
will be reduced (USEPA, September 2001).  In a product cancellation 
notice, USEPA noted that the vast majority of acephate usage is on 
agricultural and commercial ornamental plant use sites.  Use in and around 
the home is a small fraction of total acephate usage.  Acephate use in the 
home and on lawns is apparently somewhat self-limiting due to the 
pesticide's objectionable odor (USEPA, November 2001). 



Boric Acid The 1993 RED concludes that available studies indicate that technical boric 
acid is practically nontoxic to birds, fish and aquatic invertebrates, and 
relatively nontoxic to beneficial insects. The RED says that boric acid rights-
of-way herbicide use pattern poses a potential risk to aquatic invertebrates 
(including some that are endangered); however, USEPA believes that risk 
probably is mitigated by the practice of limiting treatment to small strips of 
land, thereby limiting the amount of contaminated runoff into adjacent 
aquatic environments (USEPA, September 1993). 



Diflubenzuron The USEPA summary of the 1997 RED states “the results indicate that 
diflubenzuron is very highly toxic to freshwater aquatic invertebrates, 
including marine/estuarine crustacea, while it is highly toxic to 
marine/estuarine mollusks.  The results indicate that diflubenzuron affects 
reproduction, growth and survival in freshwater invertebrates as well as 
reproduction in marine/estuarine invertebrates.”  The RED concludes that it 
is “expected to cause some adverse chronic effects to estuarine/marine fish 
at the highest application rate (forestry), these effects are not as widespread 
as those associated with freshwater and estuarine/marine invertebrates. 
The use of diflubenzuron is expected to cause adverse acute and chronic 
effects to both freshwater and estuarine/marine invertebrates, including 
endangered species.  The risk to aquatic invertebrates is also expected to 
be substantial when diflubenzuron is applied to control mosquito larvae.  
Since this use involves direct application to water and/or near water, no 
mitigation is currently proposed” (USEPA, August 1997). 



Fenthion The summary of the 2000 IRED states that there are no homeowner uses 
for fenthion and that the only uses are to control adult mosquitoes in Florida 
only and dragonfly larvae in contained ornamental fish ponds in Arkansas, 
Florida, and Missouri.  All other uses are being phased out (USEPA, 
January 2001). 



Hydramethylnon A summary of the 1998 RED says, “the Agency concludes that the overall 
acute impact on freshwater and terrestrial non-target organisms from the 
use of hydramethylnon for insect control will be minimal” (USEPA, 
December 1998). 
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Summary Of Relevant Information From USEPA Documents (Continued) 
Pesticide Notes 
Malathion According to the summary of the 2000 revised risk assessment, “[m]alathion 



runoff in urban areas has resulted in relatively high aquatic malathion 
concentrations.  Malathion is toxic to aquatic organisms at concentrations 
which have been monitored or are predicted to occur as a result of registered 
uses.  There is potential for acute and chronic risk to aquatic invertebrates 
and some fish.”  Some uses are being phased out because they are not being 
considered in reregistration—these uses include all pet uses; all indoor uses 
(except for some stored commodities and storage facilities, and mushroom 
houses); all greenhouse uses; and all pressurized can formulations (USEPA, 
November 2000). 



Methoprene While the RED was completed in 1991, additional studies on aquatic toxicity 
were conducted in the 1990s.  In 2001, USEPA concluded that there will be 
“minimal acute and chronic risk to freshwater fish freshwater invertebrates and 
estuarine species from exposure to Methoprene mosquito products.”  Special 
studies found toxicity to chironomid (midge) larvae at normal application rates, 
but studies on other non-target species showed adequate safety factors 
(USEPA, June 2001). 



Naled In 1999, a revised risk assessment was completed.  An addendum to the 
revised risk assessment says “[t]he acute and chronic [levels of concern] 
LOCs were exceeded for freshwater invertebrates.  The acute high risk was 
exceeded for estuarine/marine fish.  Chronic estuarine/marine fish LOC could 
not be determined due to lack of data.”  (USEPA, March 1999). 



Phosmet The 2001 IRED summary says that few urban uses are to remain.  All uses in 
or around homes are to be cancelled, including uses on domestic pets, 
household ornamental plants and household fruit trees.  Remaining urban 
uses will be few—evergreen trees, fire ants, and ornamental nursery stock.  
USEPA states that “on certain crops, where there is a high application rate 
and frequent application of phosmet, expected environmental concentrations 
can lead to acute risk for mammals; chronic risk for birds and mammals; and 
acute and chronic risks to invertebrates” (USEPA, October 2001). 



Propetamphos According to the 2000 IRED, all residential uses are being cancelled, as are 
all uses in structures children and the elderly occupy, including homes, 
schools, day-cares, hospitals, nursing homes (except for areas of food service 
when food is covered or removed prior to treatment) and all spot, broadcast, 
and termiticide treatments.  Propetamphos may still be applied at indoor 
commercial, and industrial buildings and equipment, such as offices and 
factories.  It may also be used in food service establishments where there is 
no contact with food, and where no processing, packing, or warehousing of 
food occurs.  According to the RED summary, all uses are indoors and so 
“exposure to the environment is not expected, and therefore, ecological risks 
are not of concern to the Agency” (USEPA, October 2000). 



Propoxur USEPA summary of 1997 RED indicates that there was “very limited outdoor 
use of propoxur.”  “Outdoor applications are limited to exteriors of buildings, 
on and immediately around patios, sidewalks and building foundations, and 
boat mooring lines, water lines and utility supply lines....  Minimal aquatic 
exposure from runoff or drift is expected from propoxur outdoor bait products.  
Although the toxicity is high, the aquatic risk does not exceed the Agency's 
LOCs [levels of concern].  Based on the limited outdoor bait applications of 
propoxur, minimal to no risk is expected to aquatic organisms.”  Broadcast 
use on lawns and turf was eliminated in 1992.  The 1997 RED added label 
language prohibiting landscape treatment.  (USEPA, 1997).   
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Summary Of Relevant Information From USEPA Documents (Continued) 
Pesticide Notes 
Temephos  According to the USEPA summary of the 2000 RED, temephos’ main use is 



as a mosquito larvicide.  There are no residential, commercial, or 
agricultural uses of temephos (USEPA, July 2001). 



Tetrachlorvinphos USEPA completed a RED for tetrachlorvinphos in 1995 and is now 
conducting the FQPA review.  According to the revised risk assessment, the 
only registered uses are for livestock and pets.  The revised risk 
assessment found significant risks associated with pet uses (USEPA, 
December 1999).   



Trichlorfon A summary of the 1995 RED states that “[a]cute toxicity testing on aquatic 
invertebrates indicate that trichlorfon is very highly toxic to all test species 
except crayfish, to which it was found to be moderately toxic.  Chronic 
toxicity testing with aquatic invertebrates indicate that the MATC for 
trichlorfon is between 5.6 and 8.6 ng/L….The registrant has agreed to 
require buffer strips from aquatic habitats, mandatory watering-in for turf 
sites to reduce surface run-off, the prohibition of aerial application which can 
result in spray drift and the prohibition of residential lawn use with the bait 
formulations….The Agency has determined that although levels of concern 
are exceeded for non-target organisms, the exposure has been adequately 
mitigated”  (USEPA, January 1997). 
 
Use information from the 2000 human health risk assessment says that 
residential uses of trichlorfon include perimeter treatment around dwellings 
and application to residential lawns (USEPA, April 2000).  In September 
2001, USEPA completed a review of trichlorfon to meet FQPA 
requirements.  That review did not consider additional information that 
USEPA had received suggesting that trichlorfon use may pose risks to 
certain non-target species (USEPA, September 2001). 



Source:  USEPA registration and FQPA review documents (each cited in table). 
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APPENDIX C.  INERT INGREDIENTS IN STUDY LIST PESTICIDES 
Information in this appendix: 
Table C-1. Bifenthrin Products—Inert Ingredients (Partial List) 
Table C-2. Carbaryl Products—Inert Ingredients (Partial List) 
Table  C-3. Cyfluthrin Products—Inert Ingredients (Partial List) 
Table  C-4. Cypermethrin Products—Inert Ingredients (Partial List) 
Table  C-5. Deltamethrin Products—Inert Ingredients (Partial List) 
Table  C-6. Esfenvalerate Products—Inert Ingredients (Partial List) 
Table  C-7. Imidacloprid Products—Inert Ingredients (Partial List) 
Table  C-8. Malathion Products—Inert Ingredients (Partial List) 
Table  C-9. Permethrin Products—Inert Ingredients (Partial List) 
Table C-10. Piperonyl Butoxide Products—Inert Ingredients (Partial List) 
Table C-11. Pyrethrins Products—Inert Ingredients (Partial List) 
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Table C-1.  BIFENTHRIN Products—Inert Ingredients (Partial List) 
Ingredient Product Type Use  Notes 
Alkyl phenol ethoxylate Granules Surfactant  
Aromatic 200 Granules Solvent  
Attaclay LVM Granules Carrier Clay containing magnesium alumina silicate 
Barden AG-1 Granules Carrier Kaolin clay 
Corn cob Granules Carrier  
Diisopropyl biphenyl Granules Solvent  
Geropon T-77 Granules Surfactant Sodium methyl oleoyl taurate 
Glyceryl triacetate Granules Flow agent Substance used to help ingredients flow 



smoothly during product manufacturing 
Hexylene glycol Granules Antifreeze; solvent  
Microcel B Granules Carrier Synthetic calcium/magnesium silicate 
Naphthalene Depleted Aromatic 200 Granules Solvent  
Paper Granules Carrier  
Polyoxypropylene-polyoxyethylene 
block copolymer 



Granules Surfactant  



Reax 45L Granules Dispersant?  
Reax 85A Granules Dispersant or dispersion 



stability agent 
Sodium salt of a chemically modified, kraft 
lignin polymer solubilized by one sulfonate 
group per 1000 unit weight of the lignin 



Screened sand Granules Carrier  
Sunspray 6N Granules Horticultural oil  
Surfonic N-60 Granules Surfactant Nonylphenol ethoxylate 
Syloid 244 Granules Carrier Silica 
Synthetic isoparaffinic hydrocarbon Granules Solvent  
Sources:  USEPA Freedom of Information Act Responses (Furlow, 2002) and TDC Environmental analysis based on chemical characteristics and information from 
inert ingredient product manufacturer and distributor Internet sites. 
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Table C-2.  CARBARYL Products—Inert Ingredients (Partial List) 
Ingredient Product Type Use  Notes 
1,2-Benziothiazoline-3-one Liquid Preservative Sold as Proxel GXL, preservative for 



aqueous phase of solutions 
Alpha-(p-nonylphenyl)-omega-
hydroxypoly(oxyethylene) sulfate and salts 
with salt of xylene sulfonic acid, 1:1 mixture 



Liquid Emulsifier?  



Aluminum Dust Impurity?  
Amorphous synthetic silica Liquid Carrier  
Attapulgite clay Wettable powder, Dust Carrier  
Butyl benzyl phthalate Flea collar Plasticizer  
Calcium Carbonate Dust Carrier Alkaline material, may adjust pH 
Calsoft F-90 Wettable powder Surfactant Sodium linear alkylbenzene sulfonate 
Citric acid Liquid, Wettable powder pH adjustment  
Diatomite Dust Carrier Mineral 
Dichlorophene Dust Pesticide Used in pet products for worm and 



mange control 
Ethanol Liquid Solvent  
Gypsum Dust Carrier Mineral; hydrated calcium sulfate  
Highly paraffinic petroleum oil Granules Solvent  
Hydrated silica Wettable powder Carrier Also called amorphous silicon dioxide, 



silicic acid, or silica gel 
Kaolin clay Wettable powder, Dust Carrier  
Lignosulfonate, calcium salt Wettable powder Dispersant  
Marasperse N-22 Wettable powder Dispersant Sodium lignosulfonate 
Mono-calcium salt of polymerized aryl 
alkylsulfonic acids 



Wettable powder Dispersant  



Montmorillonite Dust Carrier Clay 
Naphthalene sulfonic acid-formaldehyde 
condensate, ammonium and sodium salt 



Wettable powder Surfactant Dispersant 
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Table C-2.  CARBARYL Products—Inert Ingredients (Partial List, Continued) 
Ingredient Product Type Use  Notes 
Perlite Dust Carrier Mineral 
Poly(oxypropylene) block polymer with 
poly(oxyethylene) 



Wettable powder Surfactant  



Potassium Dust Impurity? Probably refers to potassium ions 
Propylene glycol Liquid Antifreeze; 



solvent 
 



Pyrophyllite Dust Carrier Clay, also called Pyrax ABB 
Silica Dust Carrier  
Silicone emulsion Liquid Emulsifier?  
Soap Wettable powder Emulsifier Sodium salt of fatty acid 
Sodium alkyl naphthalene sulfonate Liquid Surfactant Serves as a disperser and moistening 



agent for powders in aqueous solutions 
Sodium dialkyl naphthalene sulfonate Wettable powder Surfactant  
Sodium dioctyl sulfosuccinate Wettable powder Surfactant Common wetting agent 
Sodium orthophenylphenate Granules Preservative Alkaline material, may adjust pH 
Sponto N-140 Liquid Emulsifier  
Surfynol TG-E Wettable powder Surfactant  
Talc Wettable powder, Dust Carrier  
Tenneco T 500-100 Liquid Solvent  
Triton X-155 Liquid Surfactant  
Water Liquid, Flowable 



concentrate 
Solvent  



Xanthan gum Liquid Emulsion 
stabilizer? 



 



Sources:  USEPA Freedom of Information Act Responses (Furlow, 2002) and TDC Environmental analysis based on chemical characteristics and information from 
inert ingredient product manufacturer and distributor Internet sites. 
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Table C-3.  CYFLUTHRIN Products—Inert Ingredients (Partial List)* 
Ingredient Product Type Use  Notes 
Corn cob Granules Carrier  
Dipropylene glycol Granules Solvent Product label says that the purpose of this ingredient is "to adhere the 



active ingredient onto the granules" 
Glycerin Aqueous concentrate Antifreeze Product labels say that the purpose of this ingredient is "to help keep 



from freezing" and "stabilizer" 
Organic solvent 
(unnamed) 



Aqueous concentrate Solvent Product labels say that the purpose of this ingredient is "to dissolve 
the active ingredient for mixing" and give concentrations of <3% and 
<0.1% in two products 



Surfactants 
(unnamed) 



Aqueous concentrate Surfactant Product label says that the purpose of this ingredient is "to keep the 
active ingredient dispersed in water" 



Water Granules 
Aqueous concentrate 
Suspension emulsion 



Solvent  



*All ingredients other than water were claimed confidential by product manufacturer (Furlow, 2002). 
Sources:  USEPA Freedom of Information Act Responses (Furlow, 2002), product labels, and TDC Environmental analysis based on chemical characteristics and 
information from inert ingredient product manufacturer and distributor Internet sites. 
 
Table C-4.  CYPERMETHRIN Products—Inert Ingredients (Partial List) 
Ingredient Product Type Use  Notes 
None identified    
Source:  USEPA Freedom of Information Act Responses (Furlow, 2002). 
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Table C-5.  DELTAMETHRIN Products—Inert Ingredients (Partial List) 
Ingredient Product Type Use  Notes 
2-Methyl-4-isothiazolin-3-one Suspension Preservative  
5-Chloro-2-methyl-4-isothiazolin-3-one Suspension Preservative  
Acetyl tri-n-butyl citrate Granule Solvent? Acetyl tributyl citrate, commonly used as a plasticizer, 



but also a carrier solvent  
Ammonium phosphate urea Granule Carrier? Fertilizer 
Ammonium sulfate Granule Carrier? Fertilizer 
Aromatic petroleum solvent Granule Solvent  
Citric acid Suspension pH adjustment  
Cyclohexanone Granule Solvent or 



impurity 
Also a polymer binding agent in some applications 



Dimethyl polysiloxane derivative Suspension Anti-foaming 
agent 



Also may serve as an emulsifier 



Dodecanol, ethoxylated, monoether 
with sulfuric acid, sodium salt 



Suspension Surfactant?  



Dolomitic limestone mixture Granule pH adjustment or 
carrier 



Mixture of calcium and magnesium carbonates.  Finely 
divided it can adjust pH; as a coarse material it can 
serve as a carrier 



Ethoxylated nonylphenol Suspension Surfactant  
Magnesium chloride Suspension Electrolyte? Salt, minor nutrient 
Magnesium nitrate Suspension Electrolyte? Salt, minor nutrient 
Methylene urea Granule Carrier? Fertilizer 
Naphthalenesulfonic acid, polymer 
with formaldehyde, sodium salt 



Suspension Surfactant Dispersant 



N-methylpyrrolidone Granule Solvent or 
impurity 



Very polar solvent 



Potassium muriate Granule Carrier? Synonym for potassium chloride, a fertilizer 
Potassium sulfate Granule Carrier? Fertilizer 
Propyl p-hydroxybenzoate Suspension Preservative  
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Table C-5.  DELTAMETHRIN Products—Inert Ingredients (Partial List, Continued) 
Ingredient Product Type Use  Notes 
Propylene glycol Suspension Antifreeze or 



solvent 
 



Silicon dioxide Suspension Carrier Silica 
Sodium lauryl sulfate Suspension Surfactant  
Sulfur-coated urea Granule Carrier? Fertilizer 
Water Suspension Solvent  
Xanthan gum Suspension Emulsion 



stabilizer? 
 



Sources:  USEPA Freedom of Information Act Responses (Furlow, 2002) and TDC Environmental analysis based on chemical characteristics and information from 
inert ingredient product manufacturer and distributor Internet sites. 
 
Table C-6.  ESFENVALERATE Products—Inert Ingredients (Partial List) 
Ingredient Product Type Use  Notes 
None identified    
Source:  USEPA Freedom of Information Act Responses (Furlow, 2002). 
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Table C-7.  IMIDACLOPRID Products—Inert Ingredients (Partial List) 
Ingredient Product Type Use  Notes 
Carbopol resin 2984 Capsules Emulsion 



stabilizer 
Crosslinked polyacrylic acid polymer used to create 
gel products 



Corn cob* Granules Carrier  
Diethylene glycol monoethyl ether Capsules Solvent  
Dipropylene glycol Granules Solvent Product label says that the purpose of this ingredient 



is "to adhere the active ingredient onto the granules" 
Ethylene glycol Flowable Antifreeze  
Fertilizer (various NPK ratios) Fertilizer Fertilizer  
Glycerin* Aqueous concentrate, 



Ready-to-use 
Antifreeze Product labels say that the purpose of this ingredient 



is "to help keep from freezing" and "stabilizer" 
Limestone granules Granules Carrier or pH 



adjustment 
Function depends on particle size 



Organic solvent (unspecified)* Aqueous concentrate Solvent Product labels say that the purpose of this ingredient 
is "to dissolve the active ingredient for mixing" and 
give concentrations of <3% and <0.1% in two 
products 



Peanut shells Granules Carrier  
Propylene glycol Flowable Antifreeze  
Pyla-cert oil amber XA MS-166A Capsules Solvent?  
Surfactants (unspecified)* Aqueous concentrate, 



Ready-to-use 
Surfactant Product label says that the purpose of this ingredient 



is "to keep the active ingredient dispersed in water" 
Tetrahydrofurfuryl alcohol Capsules Solvent May stimulate bacteria antagonistic to nematodes 
Water Granules; Aqueous 



concentrate; Suspension 
emulsion; Gel bait; Ready-
to-use; Flowable 



Solvent  



*Identified from listing on product labels 
Sources:  USEPA Freedom of Information Act Responses (Furlow, 2002), product labels, and TDC Environmental analysis based on chemical characteristics and 
information from inert ingredient product manufacturer and distributor Internet sites. 
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Table C-8.  MALATHION Products—Inert Ingredients (Partial List) 
Ingredient Product Type Use  Notes 
Calsoft F-90 Wettable Powder Surfactant Sodium Linear Alkylbenzene Sulfonate 
Marasperse N-22 Wettable Powder Dispersant Sodium lignosulfonate 
Paper Bait Carrier Tube impregnated with active ingredient 
Sponto N-140 Liquid Emulsifier  
Talc Wettable Powder Carrier  
Tenneco T 500-100 Liquid Solvent  
Triton X-155 Liquid Surfactant  
Sources:  USEPA Freedom of Information Act Responses (Furlow, 2002) and TDC Environmental analysis based on chemical characteristics and information from 
inert ingredient product manufacturer and distributor Internet sites. 
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Table C-9.  PERMETHRIN Products—Inert Ingredients (Partial List) 
Ingredient Product Type Use  Notes 
1,2-Benziothiazolin-3-one Aerosol Preservative Proxel GXL, sold as a 20% solution in 



dipropylene glycol, preservative for aqueous 
phase of solutions 



Agent X-1096-187 emulsifier blend Emulsifiable concentrate Emulsifier  
Agent X-2084-40A emulsifier blend Emulsifiable concentrate Emulsifier  
Agent X-2084-40N emulsifier blend Emulsifiable concentrate Emulsifier  
Aromatic 100 Emulsifiable concentrate Solvent  
Aromatic solvent (unspecified) Fogger Solvent  
Brij 78 Aerosol Surfactant One of a series of nonionic detergents generally 



called polyoxyethylene ethers 
Brij 96 Aerosol Surfactant One of a series of nonionic detergents generally 



called polyoxyethylene ethers 
Cellulosic carrier (unspecified) Granules Carrier  
Cetyl alcohol Aerosol Surfactant Non-ionic surfactant 
Corrosion inhibitors (unspecified) Fogger Corrosion 



inhibitor 
 



Diisopropyl biphenyl Emulsifiable concentrate Solvent  
Emulsifier (unspecified) Fogger Emulsifier  
Emulsifier 33414 Emulsifiable concentrate Emulsifier  
Exxsol D-80 Emulsifiable concentrate Solvent Dearomatized hydrocarbon fluid 
Fragrance Fogger Fragrance  
Glyceryl triacetate Emulsifiable concentrate Solvent Also called triacetin; has antifungal properties 
Harcros Anti-foam 8830 Aerosol Defoamer  
Hydrocarbon propellant 
(butane/isobutane/propane) 



Fogger Propellant  



Hydrocarbon propellant 
(isobutane/propane) 



Fogger Propellant  



Hydrocarbon solvent (unspecified) Granules Solvent  
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Table C-9.  PERMETHRIN Products—Inert Ingredients (Partial List, Continued) 
Ingredient Product Type Use  Notes 
Inorganic bulking agent (unspecified) Granules Carrier? May simply dilute pesticide 
Ligroine Emulsifiable concentrate Solvent Petroleum ether 
Mineral seal oil Ready-to-use liquid Solvent  
Mineral spirits (unspecified) Fogger Solvent  
Monooleate ester of sorbitan 
monostearate 



Fogger Surfactant  



Naphthalene depleted aromatic 150 
solvent 



Concentrate Solvent  



Nonylphenoxypoly(ethyleneoxy) ethanol Emulsifiable concentrate Surfactant NP-9, non-ionic surfactant 
Odorless mineral spirits Aerosol Solvent  
Petroleum distillate Fogger Solvent  
Phenylsulfonate CA Emulsifiable concentrate Surfactant? Similar compounds are detergents and 



dispersants 
Polyethylene-polypropylene glycol, 
monobutyl ether 



Emulsifiable concentrate Surfactant Non-ionic surfactant used as emulsifier, wetting 
agent, dispersant, stabilizer 



Propellant A-70 Fogger Propellant  
SAG 30 Aerosol Defoamer Silicone-based antifoam emulsion 
Sodium benzoate Fogger Preservative  
Synthetic isoparaffinic hydrocarbon Emulsifiable concentrate Solvent  
TAGAT 02 Aerosol Surfactant Ethoxylated fatty acid esters 
Tween 85 (Polysorbate 85) Emulsifiable concentrate Emulsifier Ethoxylate 
Water Aerosol; Fogger Solvent  
Witconol NP60 Emulsifiable concentrate Emulsifier Alkoxylated alcohol, a surfactant 
Sources:  USEPA Freedom of Information Act Responses (Furlow, 2002) and TDC Environmental analysis based on chemical characteristics and information from 
inert ingredient product manufacturer and distributor Internet sites. 
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Table C-10.  PIPERONYL BUTOXIDE Products—Inert Ingredients (Partial List) 
Ingredient Product Type Use  Notes 
1,1,1-Trichloroethane Aerosol Solvent  
1,2-Benzisothiazolin-3-one Ready-to-use liquid, 



Aerosol 
Preservative Commercially sold as:  (1)  Proxel GXL, sold as a 20% 



solution in dipropylene glycol, preservative for aqueous 
phase of solutions, and (2) Proxel BD 20 



5-Chloro-2-methyl-4-
isothiazolin-3-one 



Ready-to-use liquid Preservative Legend MK 



Acetone Aerosol Solvent  
Aliphatic petroleum solvent 
(heptane) 



Aerosol Solvent  



Aliphatic petroleum solvent 
(unspecified) 



Concentrate Solvent  



Aromatic 150 Petroleum 
Solvent 



Concentrate Solvent  



Aromatic solvent (unspecified) Fogger Solvent  
Brij 78 Aerosol Surfactant One of a series of nonionic detergents generally called 



polyoxyethylene ethers 
Brij 96 Aerosol Surfactant One of a series of nonionic detergents generally called 



polyoxyethylene ethers 
Butylated hydroxytoluene Concentrate Preservative Anti-oxidant, also known as BHT 
Carbon dioxide Aerosol Propellant  
Cetyl alcohol Aerosol Surfactant Non-ionic surfactant 
Chlorodifluoromethane Aerosol Solvent  
Corrosion inhibitors 
(unspecified) 



Aerosol, Fogger Corrosion 
Inhibitor 



 



Dimethyl ether Aerosol Solvent  
Emulsifiers (unspecified) Aerosol, Fogger Emulsifier  
Escaid 100 (Exxsol D-80) Emulsifiable Concentrate Solvent Dearomatized hydrocarbon fluid 
Fragrance Fogger Fragrance  
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Table C-10.  PIPERONYL BUTOXIDE Products—Inert Ingredients (Partial List, Continued) 
Ingredient Product Type Use  Notes 
Freon 22 Aerosol Propellant  
Harcros Anti-foam 8830 Aerosol Defoamer  
Hydrocarbon propellant Aerosol Propellant  
Hydrocarbon propellant 
(isobutane/propane) 



Fogger Propellant  



Isopar M Emulsifiable Concentrate Solvent Isoparaffin solvent 
Isopropanol Aerosol Solvent  
Light petroleum distillate Aerosol Solvent  
Mineral oil Ready-to-use liquid Solvent  
Mineral spirits (unspecified) Fogger Solvent  
Odorless mineral spirits Aerosol Solvent  
Petroleum distillate Dust, Aerosol, Concentrate Solvent  
Petroleum oil Aerosol Solvent  
Propane Aerosol Propellant  
SAG 30 Aerosol Defoamer Silicone-based antifoam emulsion 
Silica gel Dust Carrier  
Silicone emulsion Ready-to-use liquid Emulsifier?  
Sodium benzoate Ready-to-use liquid, Aerosol Preservative  
Soltrol 170 Aerosol Solvent Isoparaffin solvent 
Solvent 529-66 Low Odor Emulsifiable Concentrate Solvent  
TAGAT 02 Aerosol Surfactant Ethoxylated fatty acid esters 
Talc Dust Carrier  
Vista LPA Emulsifiable Concentrate Solvent Mixture of hydrotreated isoparaffins and naphthenics 
Water Ready-to-use liquid, Aerosol, 



Fogger 
Solvent  



Sources:  USEPA Freedom of Information Act Responses (Furlow, 2002) and TDC Environmental analysis based on chemical characteristics and information from 
inert ingredient product manufacturer and distributor Internet sites. 
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Table C-11.  PYRETHRINS Products—Inert Ingredients (Partial List) 
Ingredient Product Type Use  Notes 
1,1,1-Trichloroethane Aerosol Solvent  
1,2-Benzisothiazolin-3-one Ready-to-use liquid Preservative Commercially sold as:  (1) Proxel GXL, sold as a 20% 



solution in dipropylene glycol, preservative for 
aqueous phase of solutions, and (2) Proxel BD 20 



5-Chloro-2-methyl-4-isothiazolin-3-one Ready-to-use liquid Preservative Sold commercially as Legend MK 
Acetone Aerosol Solvent  
Aliphatic petroleum solvent (heptane) Aerosol Solvent  
Aromatic solvent (unspecified) Fogger Solvent  
Carbon dioxide Aerosol Propellant  
Chlorodifluoromethane Aerosol Solvent  
Corrosion inhibitors (unspecified) Aerosol, Fogger Corrosion 



Inhibitor  
Dimethyl ether Aerosol Solvent  
Emulsifiers (unspecified) Aerosol, Fogger Emulsifier  
Escaid 100 (Exxsol D-80) Emulsifiable 



Concentrate 
Solvent Dearomatized hydrocarbon fluid 



Fragrance Fogger Fragrance  
Freon 22 Aerosol Propellant  
Hydrocarbon propellant (unspecified) Aerosol Propellant  
Hydrocarbon propellant 
(isobutane/propane) 



Fogger Propellant 
 



Isopar M Emulsifiable 
Concentrate 



Solvent Isoparaffin solvent 



Isopropanol Aerosol Solvent  
Light petroleum distillate Aerosol Solvent  
Mineral spirits (unspecified) Fogger Solvent  
Monooleate ester of sorbitan 
monostearate 



Fogger Surfactant 
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Table C-11.  PYRETHRINS Products—Inert Ingredients (Partial List, Continued) 
Ingredient Product Type Use  Notes 
Petroleum distillate Dust, Aerosol, 



Concentrate, Fogger 
Solvent 



 
Petroleum oil Aerosol Solvent  
Propane Aerosol Propellant  
Propellent A-70 Fogger Propellant  
Silica gel Dust Carrier  
Silicone emulsion Ready-to-use liquid Emulsifier?  
Sodium benzoate Ready-to-use liquid, 



Aerosol, Fogger 
Preservative  



Soltrol 170 Aerosol Solvent Isoparaffin solvent 
Solvent 529-66 Low Odor Emulsifiable 



Concentrate 
Solvent  



Vista LPA Emulsifiable 
Concentrate 



Solvent Mixture of hydrotreated isoparaffins and naphthenics 



Water Ready-to-use liquid, 
Aerosol, Fogger 



Solvent  



Sources:  USEPA Freedom of Information Act Responses (Furlow, 2002) and TDC Environmental analysis based on chemical characteristics and information from 
inert ingredient product manufacturer and distributor Internet sites. 
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APPENDIX D.  URBAN SITES OF USE OF STUDY LIST PESTICIDES 
Information in this appendix: 
Table D-1. Bifenthrin—Urban Sites of Use 
Table D-2. Carbaryl—Urban Sites of Use 
Table D-3. Cyfluthrin—Urban Sites of Use 
Table D-4. Cypermethrin—Urban Sites of Use 
Table D-5. Deltamethrin—Urban Sites of Use 
Table D-6. Esfenvalerate—Urban Sites of Use 
Table D-7. Imidacloprid—Urban Sites of Use 
Table D-8. Malathion—Urban Sites of Use 
Table D-9. Permethrin—Urban Sites of Use 
Table D-10. Piperonyl Butoxide—Urban Sites of Use 
Table D-11. Pyrethrins—Urban Sites of Use 
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Table D-1.  BIFENTHRIN—Urban Sites of Use 
Code Site Name Code Site Name 
31000 Ornamental Herbaceous Plants (All Or Unspec) 35116 Spruce 
31003 Ornamental Herbaceous Flowering Plants (All/Un) 35130 Yew (Taxus Species) 
31004 Ornamental Herbaceous Foliage Plants (All/Un) 39001 Ornamental Ferns (All Or Unspec) 
31005 Ornamental Bulb, Corm, Rhizome Plants (All/Unspec) 39003 Ornamental Nurseries (Stock, Crops, Etc.) 
31012 African Violets/Saintpaulia 39005 Ornamental Plants - Greenhouse (All Or Unspec) 
31034 Begonia (Fiberous & Tuberous Rooted) 40000 Soil Application (Ag-Crop, Orn-Plant Situations) 
31057 Carnation 40005 Soil Application, Preplant-Indoor(Greenhouse,Etc.) 
31065 Chrysanthemum (Mum) 40006 Mulch (Including Mulching Straw, Hay, Paper) 
31092 Dracaena (Godseffiana); Dracaena Spp. 40008 Soil Application, Preplant-Outdoor (Seedbeds,Etc.) 
31104 Fuchsia; Use 34841 40501 Soil Application, (Houseplant Potting Soil) 
31106 Garden Balsam/Balsam; Impatiens Balsamina 46000 Storage Areas & Processing Equipment (All/Unspec) 
31131 Lilies (Excl. Belladonna & Calla Lilies) 46027 Storage Areas - Full (All Or Unspec) 
31137 Marigold 46501 Storage Areas (Unspecified) 
31147 Orchids (All Or Unspecified) 54000 Pets (All Or Unspec) 
31154 Petunias 61015 Greenhouses (In Use) 
31155 Philodendron & Split Leaf Philodendron 63000 Household Or Domestic Dwellings (All Or Unspec) 
31184 Snapdragon 63001 Household Or Domestic Dwellings (Indoor) 
31443 Air Plant; Kalanchoe Pinnata 63002 Cracks & Crevices 
31504 Kale, Flowering; Brassica Oleracea: Acephala Gr. 63003 Household Or Domestic Dwellings (Outdoor) 
32000 Ornamental Plants (Herb. & Woody) (All Or Unspec) 63010 Baseboards 
32010 House Plants 63506 Baseboards 
32501 Gardens (Ornamental, Flower, Rock, Shrub, Etc.) 64500 Wood Protection Treatments (All Or Unspecified) 
33002 Ornamental Sod Farm (Turf) 64501 Lumber (Seasoned/Unseasoned) 
33007 Turf, Golf Course (Fairways, Greens, Rough) 64502 Wood Structures: Above Ground & Finished Struct 
33008 Ornamental Turf (All Or Unspec) 64503 Wood Protection: At/Below Ground Level 
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Table D-1.  BIFENTHRIN—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
33009 Ornamental Ground Covers (All Or Unspec) 67000 Uncultivated Non-Ag Areas (All Or Unspec) 
33010 Ornamental Lawns, Lawns (All Or Unspec) 67002 Recreational Areas, Tennis Courts, Parks, Etc. 
33015 Bahiagrass 67003 Buildings And Structures (Non-Ag Outdoor) 
33017 Bermudagrass 67009 Industrial Sites (Lumber Yards, Tank Farms, Etc.) 
33031 Fescue 67012 Private Roads, Walkways, Lanes, Patios, Etc. 
33043 Ryegrass, Perennial 67013 Rights-Of-Way (Unspec) (Firelanes, Etc.) 
33050 St. Augustinegrass 67015 Fencerows, Hedgerows, Stone Walls (Non-Ag) 
33056 Zoysia Grass 68002 Urban Areas (All Or Unspec) (Residential, Etc.) 
33112 Ivy (All Or Unspec) (Ground Cover) 68009 Fencerows (All/Unspec), Hedgerows (All/Unspec) 
33133 Lantana (Ground Cover) 70000 Commercial Transport Facilities (All Or Unspec) 
34000 Ornamental Shrubs (All Or Unspec) (Woody/Herb.) 71000 Food Processing/Handling Plant/Area (All/Unspec) 
34006 Ornamental Broadleaf Evergreen Shrubs 71502 Food Processing/Handling Plant/Area (Nonfood Area) 
34007 Ornamental Deciduous Shrubs 72000 Eating Establishments (All Or Unspec) 
34025 Barberry (Berberis Spp.) 72004 Eating Establishments (Non-Food Areas) 
34057 Ficus (Ornamental Fig) (Ficus Spp.) 74000 Hospitals & Related Institutions (All Or Unspec) 
34069 Hibiscus (Rose Mallow) (Hibiscus Spp) 74016 Nursing Homes 
34118 Rhododendron (Species/Hybrids/Cultivars) (Azalea) 76000 Morgues, Mortuaries, Funeral Homes (All Or Unspec) 
34120 Rose 77000 Commercial, Institutional Or Industrial Areas 
34137 Viburnum (Snowball) 77501 Schools (Indoor) (School Yards Use 67002) 
35000 Ornamental And/Or Shade Trees (All Or Unspec) 77502 Non-Feed/Non-Food Processing Plants 
35007 Ornamental Conifers (All Or Unspec) 89000 Refuse And Solid Waste Sites (All Or Unspec) 
35008 Ornamental Flowering Trees (Fruit, Nut, Etc.) 89006 Garbage Disposal Units, Food Disposals 
35093 Oak (Quercus Spp.) 90002 Quarantine Use (Federal And/Or State - Unspec) 
35098 Pine; Pinus Spp. 90011 Ant Dens/Hills/Mounds (In/Out-Door) (All/Unsp) 
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Table D-2.  CARBARYL—Urban Sites of Use 
Code Site Name Code Site Name 
31000 Ornamental Herbaceous Plants (All Or Unspec) 54003 Dogs (All Or Unspec) (Pet) 
31003 Ornamental Herbaceous Flowering Plants (All/Un) 54010 Birds (All Or Unspec) (Aviary Birds, Etc.) (Pet) 
31004 Ornamental Herbaceous Foliage Plants (All/Un) 61008 Beehives (All Or Unspec) 
31005 Ornamental Bulb, Corm, Rhizome Plants (All/Unspec) 61015 Greenhouses (In Use) 
31057 Carnation 63000 Household Or Domestic Dwellings (All Or Unspec) 
31065 Chrysanthemum (Mum) 63001 Household Or Domestic Dwellings (Indoor) 
32000 Ornamental Plants (Herb. & Woody) (All Or Unspec) 63003 Household Or Domestic Dwellings (Outdoor) 
32002 Ornamental Vines (Herb. & Woody) (All Or Unspec.) 63004 Greenhouses - Domestic Non-Commercial 
32004 Ornamental Plants (Deciduous) (All Or Unspec) 63017 Domestic Garden Crops (Non-Commercial) 
32005 Ornamental Evergreens (All Or Unspec) 64501 Lumber (Seasoned/Unseasoned) 
32501 Gardens (Ornamental, Flower, Rock, Shrub, Etc.) 65000 Aquatic Areas, Water Areas (All Or Unspec) 
33007 Turf, Golf Course (Fairways, Greens, Rough) 65013 Drainage Systems (All Or Unspec) 
33008 Ornamental Turf (All Or Unspec) 65021 Irrigation Systems (Ditches, Canal Banks, Etc.) 
33009 Ornamental Ground Covers (All Or Unspec) 66001 Fencerows, Rights-Of-Way, Hedgerows (Agricultural) 
33010 Ornamental Lawns, Lawns (All Or Unspec) 67000 Uncultivated Non-Ag Areas (All Or Unspec) 
33011 Ornamental Grasses 67002 Recreational Areas, Tennis Courts, Parks, Etc. 
33028 Dichondra (Ground Cover) 67003 Buildings And Structures (Non-Ag Outdoor) 
33112 Ivy (All Or Unspec) (Ground Cover) 67004 Highway Rights-Of-Way (Roadways, Curbs, Etc.) 
33124 Iceplant (Ground Cover) 67011 Paved Areas, Pre-Paving Applications 
34000 Ornamental Shrubs (All Or Unspec) (Woody/Herb.) 67012 Private Roads, Walkways, Lanes, Patios, Etc. 
34004 Ornamental Woody Shrubs 67013 Rights-Of-Way (Unspec) (Firelanes, Etc.) 
34006 Ornamental Broadleaf Evergreen Shrubs 67015 Fencerows, Hedgerows, Stone Walls (Non-Ag) 
34007 Ornamental Deciduous Shrubs 67017 Wasteland(S) (Distinct From Pasture/Rangeland) 
34118 Rhododendron (Species/Hybrids/Cultivars) (Azalea) 67501 Wasteland(S) (Distinct From Pasture/Rangeland) 
34120 Rose 68000 Wide Area And General In-/Outdoor (All Or Unspec) 
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Table D-2.  CARBARYL—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
35000 Ornamental And/Or Shade Trees (All Or Unspec) 68001 Rural Areas (All Or Unspec) 
35005 Ornamental Broadleaf Evergreen Trees (All/Unspec) 68002 Urban Areas (All Or Unspec) (Residential, Etc.) 
35006 Ornamental Deciduous Trees (All Or Unspec) 68502 Mosquito Abatement Districts 
35008 Ornamental Flowering Trees (Fruit, Nut, Etc.) 71000 Food Processing/Handling Plant/Area (All/Unspec) 
35050 Eucalyptus; Eucalyptus Spp. 71502 Food Processing/Handling Plant/Area (Nonfood Area) 
35101 Poplar (Populus Spp.) 72000 Eating Establishments (All Or Unspec) 
39003 Ornamental Nurseries (Stock, Crops, Etc.) 72004 Eating Establishments (Non-Food Areas) 
39005 Ornamental Plants - Greenhouse (All Or Unspec) 77000 Commercial, Institutional Or Industrial Areas 
40000 Soil Application (Ag-Crop, Orn-Plant Situations) 77004 Commercial Storages Or Warehouses (All Or Unspec) 
40006 Mulch (Including Mulching Straw, Hay, Paper) 77005 Commercial/Institut./Indust. Bldgs. (Nonfood-Fum.) 
40008 Soil Application, Preplant-Outdoor (Seedbeds,Etc.) 89000 Refuse And Solid Waste Sites (All Or Unspec) 
40502 Soil Beneath Host Plants 90002 Quarantine Use (Federal And/Or State - Unspec) 
46000 Storage Areas & Processing Equipment (All/Unspec) 90011 Ant Dens/Hills/Mounds (In/Out-Door) (All/Unsp) 
46501 Storage Areas (Unspecified) 90503 Inaminate Objects 
54000 Pets (All Or Unspec) 100003 Landscape Maintenence 
54002 Cats (All Or Unspec) (Pet)   
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Table D-3.  CYFLUTHRIN—Urban Sites of Use 
Code Site Name Code Site Name 
31000 Ornamental Herbaceous Plants (All Or Unspec) 64500 Wood Protection Treatments (All Or Unspecified) 
31003 Ornamental Herbaceous Flowering Plants (All/Un) 64501 Lumber (Seasoned/Unseasoned) 
31004 Ornamental Herbaceous Foliage Plants (All/Un) 64502 Wood Structures: Above Ground & Finished Struct 
31005 Ornamental Bulb, Corm, Rhizome Plants (All/Unspec) 64504 Wood Structures: Indoor/Enclosed Areas 
31057 Carnation 67000 Uncultivated Non-Ag Areas (All Or Unspec) 
31065 Chrysanthemum (Mum) 67001 Airports And Landing Fields (Runways, Etc.) 
31194 Sunflower 67002 Recreational Areas, Tennis Courts, Parks, Etc. 
32000 Ornamental Plants (Herb. & Woody) (All Or Unspec) 67003 Buildings And Structures (Non-Ag Outdoor) 
32002 Ornamental Vines (Herb. & Woody) (All Or Unspec.) 67009 Industrial Sites (Lumber Yards, Tank Farms, Etc.) 
32005 Ornamental Evergreens (All Or Unspec) 67011 Paved Areas, Pre-Paving Applications 
32010 House Plants 67012 Private Roads, Walkways, Lanes, Patios, Etc. 
32501 Gardens (Ornamental, Flower, Rock, Shrub, Etc.) 67013 Rights-Of-Way (Unspec) (Firelanes, Etc.) 
33007 Turf, Golf Course (Fairways, Greens, Rough) 67015 Fencerows, Hedgerows, Stone Walls (Non-Ag) 
33008 Ornamental Turf (All Or Unspec) 68003 Public Buildings And Structures (Vert. Pests) 
33009 Ornamental Ground Covers (All Or Unspec) 68009 Fencerows (All/Unspec), Hedgerows (All/Unspec) 
33010 Ornamental Lawns, Lawns (All Or Unspec) 70000 Commercial Transport Facilities (All Or Unspec) 
33028 Dichondra (Ground Cover) 70004 Ships, Boat Premises, Etc. (All Or Unspec) 
33112 Ivy (All Or Unspec) (Ground Cover) 70009 Railroad Cars (Feed/Food-Empty) 
34000 Ornamental Shrubs (All Or Unspec) (Woody/Herb.) 70026 Railway Trains (All Or Unspec) 
34004 Ornamental Woody Shrubs   
34006 Ornamental Broadleaf Evergreen Shrubs   
34007 Ornamental Deciduous Shrubs   
34118 Rhododendron (Species/Hybrids/Cultivars) (Azalea)   
34120 Rose   
35000 Ornamental And/Or Shade Trees (All Or Unspec)   
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Table D-3.  CYFLUTHRIN—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
35005 Ornamental Broadleaf Evergreen Trees (All/Unspec) 70027 Aircraft (All Or Unspec) 
35006 Ornamental Deciduous Trees (All Or Unspec) 71000 Food Processing/Handling Plant/Area (All/Unspec) 
35007 Ornamental Conifers (All Or Unspec) 71001 Bakeries, Bakery Equipment, Etc. 
35008 Ornamental Flowering Trees (Fruit, Nut, Etc.) 71002 Bottling Plants (Includes Beverage Bottles) 
35098 Pine; Pinus Spp. 71003 Breweries, Distilleries, Beer Beverage Cases, Etc. 
39001 Ornamental Ferns (All Or Unspec) 71004 Canneries And Frozen Food Plants 
39003 Ornamental Nurseries (Stock, Crops, Etc.) 71008 Meat Processing Plants (Slaughter Houses, Etc.) 
39005 Ornamental Plants - Greenhouse (All Or Unspec) 71010 Wineries, Wine Cellars 
40000 Soil Application (Ag-Crop, Orn-Plant Situations) 71011 Flour Mills, Flour/Grain Elevators, Etc. 
40006 Mulch (Including Mulching Straw, Hay, Paper) 71012 Egg Processing Plants, Egg Breaking Plants 
40502 Soil Beneath Host Plants 71021 Cereal Processing Plants (Mills) 
44000 Proc. Or Manuf. Non-Food Prod. (All Or Unspec) 71024 Spice Mills, Pepper Processing Plants 
46000 Storage Areas & Processing Equipment (All/Unspec) 71029 Pickle Processing Plants 
46027 Storage Areas - Full (All Or Unspec) 71501 Food Processing/Handling Plant/Area (Food Area) 
46028 Feed/Food Storage Areas - Empty 71502 Food Processing/Handling Plant/Area (Nonfood Area) 
46037 Storage Areas (Unspecified) 72000 Eating Establishments (All Or Unspec) 
46501 Storage Areas (Unspecified) 72004 Eating Establishments (Non-Food Areas) 
46502 Feed/Food Storage Areas (Unspecified) 72501 Eating Establishments (Food Handling/Serving Area) 
54000 Pets (All Or Unspec) 73000 Food Marketing, Storage & Distribution Facilities 
54003 Dogs (All Or Unspec) (Pet) 74000 Hospitals & Related Institutions (All Or Unspec) 
56005 Horses (Race, Draft, Show, Riding, Etc.) 74016 Nursing Homes 
58000 Commercial Egg Handling Equipment 76000 Morgues, Mortuaries, Funeral Homes (All Or Unspec) 
61006 Greenhouses (Empty) (Environs, Benches, Etc.) 77000 Commercial, Institutional Or Industrial Areas 
61008 Beehives (All Or Unspec) 77001 Schools 
61015 Greenhouses (In Use) 77004 Commercial Storages Or Warehouses (All Or Unspec) 
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Table D-3.  CYFLUTHRIN—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
63000 Household Or Domestic Dwellings (All Or Unspec) 77005 Commercial/Institut./Indust. Bldgs. (Nonfood-Fum.) 
63001 Household Or Domestic Dwellings (Indoor) 77501 Schools (Indoor) (School Yards Use 67002) 
63002 Cracks & Crevices 77502 Non-Feed/Non-Food Processing Plants 
63003 Household Or Domestic Dwellings (Outdoor) 89000 Refuse And Solid Waste Sites (All Or Unspec) 
63004 Greenhouses - Domestic Non-Commercial 90011 Ant Dens/Hills/Mounds (In/Out-Door) (All/Unsp) 
63504 Greenhouses - Domestic Non-Commercial 90550 Zoos 
64008 Wood Protection - Wood Containers; Non-Food/Feed 100003 Landscape Maintenence 
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Table D-4.  CYPERMETHRIN—Urban Sites of Use 
Code Site Name Code Site Name 
31003 Ornamental Herbaceous Flowering Plants (All/Un) 67012 Private Roads, Walkways, Lanes, Patios, Etc. 
31004 Ornamental Herbaceous Foliage Plants (All/Un) 67013 Rights-Of-Way (Unspec) (Firelanes, Etc.) 
32501 Gardens (Ornamental, Flower, Rock, Shrub, Etc.) 68003 Public Buildings And Structures (Vert. Pests) 
33009 Ornamental Ground Covers (All Or Unspec) 70000 Commercial Transport Facilities (All Or Unspec) 
33010 Ornamental Lawns, Lawns (All Or Unspec) 70007 Automobiles, Taxis, Limos, Rv's, & Components 
34000 Ornamental Shrubs (All Or Unspec) (Woody/Herb.) 70031 Commercial Transport Facil (Feed/Food-Empty) 
35008 Ornamental Flowering Trees (Fruit, Nut, Etc.) 70504 Commercial Transport Facil (Non Feed/Food-Unspec) 
39003 Ornamental Nurseries (Stock, Crops, Etc.) 71000 Food Processing/Handling Plant/Area (All/Unspec) 
40000 Soil Application (Ag-Crop, Orn-Plant Situations) 71001 Bakeries, Bakery Equipment, Etc. 
46000 Storage Areas & Processing Equipment (All/Unspec) 71002 Bottling Plants (Includes Beverage Bottles) 
46030 Non Feed/Food Storage Areas - Empty 71006 Feed Mills, Feed Stores, Feed Processing Plants 
46501 Storage Areas (Unspecified) 71501 Food Processing/Handling Plant/Area (Food Area) 
46503 Non Feed/Food Storage Areas (Unspecified) 71502 Food Processing/Handling Plant/Area (Nonfood Area) 
54000 Pets (All Or Unspec) 72000 Eating Establishments (All Or Unspec) 
54003 Dogs (All Or Unspec) (Pet) 72002 Eating Establishment Food Serving Areas 
56005 Horses (Race, Draft, Show, Riding, Etc.) 72004 Eating Establishments (Non-Food Areas) 
56008 Ponies 72501 Eating Establishments (Food Handling/Serving Area) 
58000 Commercial Egg Handling Equipment 73000 Food Marketing, Storage & Distribution Facilities 
61006 Greenhouses (Empty) (Environs, Benches, Etc.) 74000 Hospitals & Related Institutions (All Or Unspec) 
61008 Beehives (All Or Unspec) 74016 Nursing Homes 
61015 Greenhouses (In Use) 77000 Commercial, Institutional Or Industrial Areas 
63000 Household Or Domestic Dwellings (All Or Unspec) 77001 Schools 
63001 Household Or Domestic Dwellings (Indoor) 77002 Commercial, Institutional Or Industrial Equipment 
63002 Cracks & Crevices 77004 Commercial Storages Or Warehouses (All Or Unspec) 
63003 Household Or Domestic Dwellings (Outdoor) 77005 Commercial/Institut./Indust. Bldgs. (Nonfood-Fum.) 
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Table D-4.  CYPERMETHRIN—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
63010 Baseboards 77501 Schools (Indoor) (School Yards Use 67002) 
64500 Wood Protection Treatments (All Or Unspecified) 77502 Non-Feed/Non-Food Processing Plants 
64502 Wood Structures: Above Ground & Finished Struct 86501 Human Facegear And Footwear (Combined Site) 
64503 Wood Protection: At/Below Ground Level 88003 Bathroom Premises (Lavatories, Restrooms, Etc.) 
67000 Uncultivated Non-Ag Areas (All Or Unspec) 89000 Refuse And Solid Waste Sites (All Or Unspec) 
67002 Recreational Areas, Tennis Courts, Parks, Etc. 90011 Ant Dens/Hills/Mounds (In/Out-Door) (All/Unsp) 
67003 Buildings And Structures (Non-Ag Outdoor) 90013 Beehives, Bee Colony (Diseased, Nuisance) 
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Table D-5.  DELTAMETHRIN—Urban Sites of Use 
Code Site Name Code Site Name 
31000 Ornamental Herbaceous Plants (All Or Unspec) 63000 Household Or Domestic Dwellings (All Or Unspec) 
31003 Ornamental Herbaceous Flowering Plants (All/Un) 63001 Household Or Domestic Dwellings (Indoor) 
31004 Ornamental Herbaceous Foliage Plants (All/Un) 63002 Cracks & Crevices 
31005 Ornamental Bulb, Corm, Rhizome Plants (All/Unspec) 63003 Household Or Domestic Dwellings (Outdoor) 
31008 Ornamental Water Plants (All Or Unspec) 63004 Greenhouses - Domestic Non-Commercial 
31012 African Violets/Saintpaulia 63010 Baseboards 
31026 Aster (Aster Hybrids) 63011 Window Frames (Indoor) 
31034 Begonia (Fiberous & Tuberous Rooted) 63014 Door Frames 
31057 Carnation 63503 Cracks & Crevices 
31065 Chrysanthemum (Mum) 63506 Baseboards 
31084 Dahlias 63507 Window Frames (Indoor) 
31108 Geranium 63510 Door Frames 
31129 Larkspur (Delphinium) 64000 Wood Or Wood Structure Protection Treatments 
31137 Marigold 64500 Wood Protection Treatments (All Or Unspecified) 
31154 Petunias 64502 Wood Structures: Above Ground & Finished Struct 
31168 Rubber Plant/Indian Rubber Tree 64503 Wood Protection: At/Below Ground Level 
31184 Snapdragon 64504 Wood Structures: Indoor/Enclosed Areas 
31188 Stocks; Matthiola Spp. 65026 Sewage Systems (Septic Tanks, Sewers, Etc.) 
31213 Zinnia 67000 Uncultivated Non-Ag Areas (All Or Unspec) 
31233 Crassula (Crassula Spp.) 67002 Recreational Areas, Tennis Courts, Parks, Etc. 
31278 Wandering Jew 67003 Buildings And Structures (Non-Ag Outdoor) 
31400 Iris, English (Iris Xiphioides) 67008 Sewage Disposal Areas (Municipal And Other) 
32000 Ornamental Plants (Herb. & Woody) (All Or Unspec) 67009 Industrial Sites (Lumber Yards, Tank Farms, Etc.) 
32002 Ornamental Vines (Herb. & Woody) (All Or Unspec.) 67011 Paved Areas, Pre-Paving Applications 
32004 Ornamental Plants (Deciduous) (All Or Unspec)   
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Table D-5.  DELTAMETHRIN—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
32005 Ornamental Evergreens (All Or Unspec) 67012 Private Roads, Walkways, Lanes, Patios, Etc. 
32010 House Plants 67013 Rights-Of-Way (Unspec) (Firelanes, Etc.) 
32501 Gardens (Ornamental, Flower, Rock, Shrub, Etc.) 67015 Fencerows, Hedgerows, Stone Walls (Non-Ag) 
33007 Turf, Golf Course (Fairways, Greens, Rough) 68002 Urban Areas (All Or Unspec) (Residential, Etc.) 
33008 Ornamental Turf (All Or Unspec) 68010 Animal Burrows (Vert. And Insect Pests) 
33010 Ornamental Lawns, Lawns (All Or Unspec) 68501 Animal Burrow Entrances,Dens, Trails, Etc. 
33011 Ornamental Grasses 69003 Boats/Ships (Wood, Plywood) 
33028 Dichondra (Ground Cover) 70000 Commercial Transport Facilities (All Or Unspec) 
33030 Ivy, English (Baltic, Wilson Ivy) (Ground Cover) 70004 Ships, Boat Premises, Etc. (All Or Unspec) 
33050 St. Augustinegrass 70007 Automobiles, Taxis, Limos, Rv's, & Components 
34000 Ornamental Shrubs (All Or Unspec) (Woody/Herb.) 70009 Railroad Cars (Feed/Food-Empty) 
34006 Ornamental Broadleaf Evergreen Shrubs 70017 Trucks (Feed/Food-Empty) (Truck Beds, Vans, Etc.) 
34007 Ornamental Deciduous Shrubs 70026 Railway Trains (All Or Unspec) 
34022 Azalea (Rhododendron Species) 70028 Buses (All Or Unspec) 
34036 Camellia 70504 Commercial Transport Facil (Non Feed/Food-Unspec) 
34040 Laurel, Cherry/English; Prunus Laurocerasus 71000 Food Processing/Handling Plant/Area (All/Unspec) 
34053 Euonymous 71005 Creameries, Dairies, Cheese Plants, Etc. 
34118 Rhododendron (Species/Hybrids/Cultivars) (Azalea) 71006 Feed Mills, Feed Stores, Feed Processing Plants 
34120 Rose 71501 Food Processing/Handling Plant/Area (Food Area) 
34198 Grapevines (Ornamental) (Vittis Spp.) 71502 Food Processing/Handling Plant/Area (Nonfood Area) 
35000 Ornamental And/Or Shade Trees (All Or Unspec) 72000 Eating Establishments (All Or Unspec) 
35005 Ornamental Broadleaf Evergreen Trees (All/Unspec) 72004 Eating Establishments (Non-Food Areas) 
35006 Ornamental Deciduous Trees (All Or Unspec) 72501 Eating Establishments (Food Handling/Serving Area) 
35007 Ornamental Conifers (All Or Unspec) 73000 Food Marketing, Storage & Distribution Facilities 
35043 Dogwood (Ornamental) 74000 Hospitals & Related Institutions (All Or Unspec) 
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Table D-5.  DELTAMETHRIN—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
39003 Ornamental Nurseries (Stock, Crops, Etc.) 74016 Nursing Homes 
39005 Ornamental Plants - Greenhouse (All Or Unspec) 76000 Morgues, Mortuaries, Funeral Homes (All Or Unspec) 
40000 Soil Application (Ag-Crop, Orn-Plant Situations) 76501 Mausoleums 
40008 Soil Application, Preplant-Outdoor (Seedbeds,Etc.) 77000 Commercial, Institutional Or Industrial Areas 
40502 Soil Beneath Host Plants 77001 Schools 
43043 Horse/Donkey/Mule/Pony Feed (All Or Unspec) 77002 Commercial, Institutional Or Industrial Equipment 
46000 Storage Areas & Processing Equipment (All/Unspec) 77004 Commercial Storages Or Warehouses (All Or Unspec) 
46027 Storage Areas - Full (All Or Unspec) 77501 Schools (Indoor) (School Yards Use 67002) 
46028 Feed/Food Storage Areas - Empty 77502 Non-Feed/Non-Food Processing Plants 
46037 Storage Areas (Unspecified) 86000 Human Sites (All Or Unspec) 
46501 Storage Areas (Unspecified) 86001 Human Bedding 
46502 Feed/Food Storage Areas (Unspecified) 87010 Carpets (Hospital, Commercial, Household) 
54000 Pets (All Or Unspec) 89000 Refuse And Solid Waste Sites (All Or Unspec) 
54002 Cats (All Or Unspec) (Pet) 89003 Garbage Dumps (All Or Unspec) 
54003 Dogs (All Or Unspec) (Pet) 90011 Ant Dens/Hills/Mounds (In/Out-Door) (All/Unsp) 
56005 Horses (Race, Draft, Show, Riding, Etc.) 90550 Zoos 
61008 Beehives (All Or Unspec) 100003 Landscape Maintenence 
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Table D-6.  ESFENVALERATE—Urban Sites of Use 
Code Site Name Code Site Name 
31003 Ornamental Herbaceous Flowering Plants (All/Un) 64500 Wood Protection Treatments (All Or Unspecified) 
31004 Ornamental Herbaceous Foliage Plants (All/Un) 64501 Lumber (Seasoned/Unseasoned) 
31005 Ornamental Bulb, Corm, Rhizome Plants (All/Unspec) 64502 Wood Structures: Above Ground & Finished Struct 
31006 Ornamental Herbaceous Perennial Plants 64503 Wood Protection: At/Below Ground Level 
31007 Ornamental Herbaceous Annual Plants (All/Unspec) 66000 Uncultivated Agricultural Areas (All Or Unspec) 
32000 Ornamental Plants (Herb. & Woody) (All Or Unspec) 67000 Uncultivated Non-Ag Areas (All Or Unspec) 
32001 Ornamental Woody Plants (All Or Unspec) 67002 Recreational Areas, Tennis Courts, Parks, Etc. 
32002 Ornamental Vines (Herb. & Woody) (All Or Unspec.) 67003 Buildings And Structures (Non-Ag Outdoor) 
32004 Ornamental Plants (Deciduous) (All Or Unspec) 67006 Utility Rights-Of-Way, Yards, Substations, Etc. 
32501 Gardens (Ornamental, Flower, Rock, Shrub, Etc.) 67012 Private Roads, Walkways, Lanes, Patios, Etc. 
33007 Turf, Golf Course (Fairways, Greens, Rough) 67013 Rights-Of-Way (Unspec) (Firelanes, Etc.) 
33008 Ornamental Turf (All Or Unspec) 68002 Urban Areas (All Or Unspec) (Residential, Etc.) 
33009 Ornamental Ground Covers (All Or Unspec) 70000 Commercial Transport Facilities (All Or Unspec) 
33010 Ornamental Lawns, Lawns (All Or Unspec) 70006 Trucks (Nonfeed/Food), Trucks (Empty), Etc. 
33011 Ornamental Grasses 70009 Railroad Cars (Feed/Food-Empty) 
34000 Ornamental Shrubs (All Or Unspec) (Woody/Herb.) 70026 Railway Trains (All Or Unspec) 
34006 Ornamental Broadleaf Evergreen Shrubs 70501 Commercial Transport Facil (Feed/Food-Unspec) 
34007 Ornamental Deciduous Shrubs 70502 Commercial Transport Facil (Non Feed/Food-Empty) 
34120 Rose 70504 Commercial Transport Facil (Non Feed/Food-Unspec) 
35000 Ornamental And/Or Shade Trees (All Or Unspec) 71000 Food Processing/Handling Plant/Area (All/Unspec) 
35007 Ornamental Conifers (All Or Unspec) 71001 Bakeries, Bakery Equipment, Etc. 
40000 Soil Application (Ag-Crop, Orn-Plant Situations) 71006 Feed Mills, Feed Stores, Feed Processing Plants 
40008 Soil Application, Preplant-Outdoor (Seedbeds,Etc.) 71021 Cereal Processing Plants (Mills) 
40502 Soil Beneath Host Plants   
43000 Processed Food And Feed Products (All Or Unspec)   
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Table D-6.  ESFENVALERATE—Urban Sites of Use (Contined) 
Code Site Name Code Site Name 
46000 Storage Areas & Processing Equipment (All/Unspec) 71033 Food Processing/Handling Plant/Area (Food Area) 
46027 Storage Areas - Full (All Or Unspec) 71501 Food Processing/Handling Plant/Area (Food Area) 
46029 Feed/Food Storage Areas - Full 71502 Food Processing/Handling Plant/Area (Nonfood Area) 
46501 Storage Areas (Unspecified) 72000 Eating Establishments (All Or Unspec) 
46502 Feed/Food Storage Areas (Unspecified) 72004 Eating Establishments (Non-Food Areas) 
46503 Non Feed/Food Storage Areas (Unspecified) 72501 Eating Establishments (Food Handling/Serving Area) 
54000 Pets (All Or Unspec) 73000 Food Marketing, Storage & Distribution Facilities 
54003 Dogs (All Or Unspec) (Pet) 73002 Food Stores, Food Markets, Supermarkets, Etc. 
63000 Household Or Domestic Dwellings (All Or Unspec) 74000 Hospitals & Related Institutions (All Or Unspec) 
63001 Household Or Domestic Dwellings (Indoor) 74016 Nursing Homes 
63002 Cracks & Crevices 77000 Commercial, Institutional Or Industrial Areas 
63003 Household Or Domestic Dwellings (Outdoor) 77001 Schools 
63010 Baseboards 77004 Commercial Storages Or Warehouses (All Or Unspec) 
63012 Wall Voids, Wood (Injection) 77005 Commercial/Institut./Indust. Bldgs. (Nonfood-Fum.) 
63013 Window Sills 77501 Schools (Indoor) (School Yards Use 67002) 
63506 Baseboards 77502 Non-Feed/Non-Food Processing Plants 
63508 Wall Void, Wood (Injection) 89000 Refuse And Solid Waste Sites (All Or Unspec) 
63509 Window Sills 90011 Ant Dens/Hills/Mounds (In/Out-Door) (All/Unsp) 
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Table D-7.  IMIDACLOPRID—Urban Sites of Use 
Code Site Name Code Site Name 
31000 Ornamental Herbaceous Plants (All Or Unspec) 54000 Pets (All Or Unspec) 
31003 Ornamental Herbaceous Flowering Plants (All/Un) 54002 Cats (All Or Unspec) (Pet) 
31004 Ornamental Herbaceous Foliage Plants (All/Un) 54003 Dogs (All Or Unspec) (Pet) 
32000 Ornamental Plants (Herb. & Woody) (All Or Unspec) 61006 Greenhouses (Empty) (Environs, Benches, Etc.) 
32002 Ornamental Vines (Herb. & Woody) (All Or Unspec.) 63000 Household Or Domestic Dwellings (All Or Unspec) 
32004 Ornamental Plants (Deciduous) (All Or Unspec) 63001 Household Or Domestic Dwellings (Indoor) 
32005 Ornamental Evergreens (All Or Unspec) 63003 Household Or Domestic Dwellings (Outdoor) 
32010 House Plants 64000 Wood Or Wood Structure Protection Treatments 
32501 Gardens (Ornamental, Flower, Rock, Shrub, Etc.) 64500 Wood Protection Treatments (All Or Unspecified) 
33007 Turf, Golf Course (Fairways, Greens, Rough) 64502 Wood Structures: Above Ground & Finished Struct 
33008 Ornamental Turf (All Or Unspec) 64503 Wood Protection: At/Below Ground Level 
33009 Ornamental Ground Covers (All Or Unspec) 64504 Wood Structures: Indoor/Enclosed Areas 
33010 Ornamental Lawns, Lawns (All Or Unspec) 67000 Uncultivated Non-Ag Areas (All Or Unspec) 
33011 Ornamental Grasses 67001 Airports And Landing Fields (Runways, Etc.) 
33012 Ornamental Clovers 67002 Recreational Areas, Tennis Courts, Parks, Etc. 
33028 Dichondra (Ground Cover) 67003 Buildings And Structures (Non-Ag Outdoor) 
33112 Ivy (All Or Unspec) (Ground Cover) 67006 Utility Rights-Of-Way, Yards, Substations, Etc. 
33124 Iceplant (Ground Cover) 67011 Paved Areas, Pre-Paving Applications 
34000 Ornamental Shrubs (All Or Unspec) (Woody/Herb.) 67012 Private Roads, Walkways, Lanes, Patios, Etc. 
34004 Ornamental Woody Shrubs 67013 Rights-Of-Way (Unspec) (Firelanes, Etc.) 
34006 Ornamental Broadleaf Evergreen Shrubs   
34007 Ornamental Deciduous Shrubs   
34057 Ficus (Ornamental Fig) (Ficus Spp.)   
34069 Hibiscus (Rose Mallow) (Hibiscus Spp)   
34120 Rose   
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Table D-7.  IMIDACLOPRID—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
35000 Ornamental And/Or Shade Trees (All Or Unspec) 67015 Fencerows, Hedgerows, Stone Walls (Non-Ag) 
35005 Ornamental Broadleaf Evergreen Trees (All/Unspec) 69004 Marine Structures & Equipment (All Or Unspec) 
35006 Ornamental Deciduous Trees (All Or Unspec) 70000 Commercial Transport Facilities (All Or Unspec) 
35007 Ornamental Conifers (All Or Unspec) 71000 Food Processing/Handling Plant/Area (All/Unspec) 
35008 Ornamental Flowering Trees (Fruit, Nut, Etc.) 71501 Food Processing/Handling Plant/Area (Food Area) 
35097 Palm; Family Palmae 71502 Food Processing/Handling Plant/Area (Nonfood Area) 
39000 Ornamental Nonflowering Plants (All Or Unspec) 72000 Eating Establishments (All Or Unspec) 
39001 Ornamental Ferns (All Or Unspec) 73000 Food Marketing, Storage & Distribution Facilities 
39003 Ornamental Nurseries (Stock, Crops, Etc.) 73002 Food Stores, Food Markets, Supermarkets, Etc. 
39005 Ornamental Plants - Greenhouse (All Or Unspec) 74000 Hospitals & Related Institutions (All Or Unspec) 
40000 Soil Application (Ag-Crop, Orn-Plant Situations) 74016 Nursing Homes 
40005 Soil Application, Preplant-Indoor(Greenhouse,Etc.) 76000 Morgues, Mortuaries, Funeral Homes (All Or Unspec) 
40008 Soil Application, Preplant-Outdoor (Seedbeds,Etc.) 77000 Commercial, Institutional Or Industrial Areas 
40502 Soil Beneath Host Plants 77001 Schools 
43002 Cereals, Processed (All Or Unspec) 77004 Commercial Storages Or Warehouses (All Or Unspec) 
43028 Rice (Enriched, Milled, Processed, Etc.) 90011 Ant Dens/Hills/Mounds (In/Out-Door) (All/Unsp) 
43054 Rye (Processed) 90550 Zoos 
46000 Storage Areas & Processing Equipment (All/Unspec) 100003 Landscape Maintenence 
46027 Storage Areas - Full (All Or Unspec)   
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Table D-8.  MALATHION—Urban Sites of Use 
Code Site Name Code Site Name 
31000 Ornamental Herbaceous Plants (All Or Unspec) 63001 Household Or Domestic Dwellings (Indoor) 
31003 Ornamental Herbaceous Flowering Plants (All/Un) 63003 Household Or Domestic Dwellings (Outdoor) 
31005 Ornamental Bulb, Corm, Rhizome Plants (All/Unspec) 63017 Domestic Garden Crops (Non-Commercial) 
31057 Carnation 64501 Lumber (Seasoned/Unseasoned) 
31065 Chrysanthemum (Mum) 65000 Aquatic Areas, Water Areas (All Or Unspec) 
32000 Ornamental Plants (Herb. & Woody) (All Or Unspec) 65031 Lakes, Ponds, Reservoirs, Etc. (Animal Use) 
32005 Ornamental Evergreens (All Or Unspec) 65033 Swamps, Marshes, Bogs & Standing Water (Permanent) 
32010 House Plants 65034 Industrial, Commercial Ponds (Log Ponds, Etc.) 
32501 Gardens (Ornamental, Flower, Rock, Shrub, Etc.) 65037 Polluted/Stagnant Water 
33007 Turf, Golf Course (Fairways, Greens, Rough) 65038 Intermittently Flooded Areas, Catch Basins, Etc. 
33008 Ornamental Turf (All Or Unspec) 65039 Salt Water Sites, Tidal Areas, Etc. 
33009 Ornamental Ground Covers (All Or Unspec) 67000 Uncultivated Non-Ag Areas (All Or Unspec) 
33010 Ornamental Lawns, Lawns (All Or Unspec) 67003 Buildings And Structures (Non-Ag Outdoor) 
33011 Ornamental Grasses 67012 Private Roads, Walkways, Lanes, Patios, Etc. 
34000 Ornamental Shrubs (All Or Unspec) (Woody/Herb.) 67013 Rights-Of-Way (Unspec) (Firelanes, Etc.) 
34006 Ornamental Broadleaf Evergreen Shrubs 67015 Fencerows, Hedgerows, Stone Walls (Non-Ag) 
34007 Ornamental Deciduous Shrubs 67017 Wasteland(S) (Distinct From Pasture/Rangeland) 
34022 Azalea (Rhododendron Species) 67501 Wasteland(S) (Distinct From Pasture/Rangeland) 
34036 Camellia 68000 Wide Area And General In-/Outdoor (All Or Unspec) 
34118 Rhododendron (Species/Hybrids/Cultivars) (Azalea) 68002 Urban Areas (All Or Unspec) (Residential, Etc.) 
34120 Rose 68005 Non-Agricultural Areas (Public Health Treatment) 
35000 Ornamental And/Or Shade Trees (All Or Unspec) 68502 Mosquito Abatement Districts 
35005 Ornamental Broadleaf Evergreen Trees (All/Unspec) 70000 Commercial Transport Facilities (All Or Unspec) 
35006 Ornamental Deciduous Trees (All Or Unspec) 70004 Ships, Boat Premises, Etc. (All Or Unspec) 
35007 Ornamental Conifers (All Or Unspec) 70031 Commercial Transport Facil (Feed/Food-Empty) 
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Table D-8.  MALATHION—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
35098 Pine; Pinus Spp. 70032 Commercial Transport Facil (Feed/Food-Full) 
39001 Ornamental Ferns (All Or Unspec) 71000 Food Processing/Handling Plant/Area (All/Unspec) 
39003 Ornamental Nurseries (Stock, Crops, Etc.) 71005 Creameries, Dairies, Cheese Plants, Etc. 
39005 Ornamental Plants - Greenhouse (All Or Unspec) 71501 Food Processing/Handling Plant/Area (Food Area) 
40000 Soil Application (Ag-Crop, Orn-Plant Situations) 71502 Food Processing/Handling Plant/Area (Nonfood Area) 
40001 Manure 72000 Eating Establishments (All Or Unspec) 
40003 Compost, Compost Piles (Rotted) 72004 Eating Establishments (Non-Food Areas) 
40004 Cull Piles (Fruit,Vegetable,Etc.), Vegetable Dumps 72501 Eating Establishments (Food Handling/Serving Area) 
40008 Soil Application, Preplant-Outdoor (Seedbeds,Etc.) 73000 Food Marketing, Storage & Distribution Facilities 
43014 Citrus Pulp 77000 Commercial, Institutional Or Industrial Areas 
45003 Treatment Of Empty Containers (Raw Ag. Products) 77004 Commercial Storages Or Warehouses (All Or Unspec) 
46000 Storage Areas & Processing Equipment (All/Unspec) 77005 Commercial/Institut./Indust. Bldgs. (Nonfood-Fum.) 
46019 Grain/Cereal/Flour Elevators -Empty 77501 Schools (Indoor) (School Yards Use 67002) 
46028 Feed/Food Storage Areas - Empty 86000 Human Sites (All Or Unspec) 
46033 Grain/Cereal/Flour Storage Areas - Full 89000 Refuse And Solid Waste Sites (All Or Unspec) 
54000 Pets (All Or Unspec) 89001 Refuse And Solid Waste Containers 
54002 Cats (All Or Unspec) (Pet) 89003 Garbage Dumps (All Or Unspec) 
54003 Dogs (All Or Unspec) (Pet) 90002 Quarantine Use (Federal And/Or State - Unspec) 
56005 Horses (Race, Draft, Show, Riding, Etc.) 90011 Ant Dens/Hills/Mounds (In/Out-Door) (All/Unsp) 
61006 Greenhouses (Empty) (Environs, Benches, Etc.) 90013 Beehives, Bee Colony (Diseased, Nuisance) 
63000 Household Or Domestic Dwellings (All Or Unspec)   
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Table D-9.  PERMETHRIN—Urban Sites of Use 
Code Site Name Code Site Name 
29510 Nurseries (All Or Unspec) 35073 Juniper; Juniperus Spp. 
31000 Ornamental Herbaceous Plants (All Or Unspec) 35077 Locust 
31003 Ornamental Herbaceous Flowering Plants (All/Un) 35083 Maple; Acer Spp. 
31004 Ornamental Herbaceous Foliage Plants (All/Un) 35093 Oak (Quercus Spp.) 
31005 Ornamental Bulb, Corm, Rhizome Plants (All/Unspec) 35095 Citrus (Ornamental); Citrus Spp. 
31007 Ornamental Herbaceous Annual Plants (All/Unspec) 35096 Guava (Ornamental); Psidium Spp. 
31008 Ornamental Water Plants (All Or Unspec) 35097 Palm; Family Palmae 
31012 African Violets/Saintpaulia 35098 Pine; Pinus Spp. 
31013 Ageratum/Flossflower/Pussy-Foot 35099 Podocarpus; Podocarpus Spp. 
31021 Anthurium 35101 Poplar (Populus Spp.) 
31025 Fern, Asparagus (Plumose Fern) 35116 Spruce 
31026 Aster (Aster Hybrids) 35120 Tuliptree 
31028 Baby's-Breath 35130 Yew (Taxus Species) 
31030 Bachelor's Button/Cornflower 35136 Mimosa 
31031 Balsam Apple 39001 Ornamental Ferns (All Or Unspec) 
31032 Balsam Pear (Bitter Melon/Melos) 39003 Ornamental Nurseries (Stock, Crops, Etc.) 
31034 Begonia (Fiberous & Tuberous Rooted) 39005 Ornamental Plants - Greenhouse (All Or Unspec) 
31046 Cacti (Family Cactaceae) 40000 Soil Application (Ag-Crop, Orn-Plant Situations) 
31047 Caladium (Angels Wing) 40003 Compost, Compost Piles (Rotted) 
31049 Calceolaria 40005 Soil Application, Preplant-Indoor(Greenhouse,Etc.) 
31050 Calendula 40008 Soil Application, Preplant-Outdoor (Seedbeds,Etc.) 
31052 Lilies, Calla (Calla Spp.) 44006 Textiles, Fabrics, And Fibers (Stored) 
31057 Carnation 46000 Storage Areas & Processing Equipment (All/Unspec) 
31061 Chamaedora (Neanthe Bella Palm) 46025 Nonfeed/Nonfood Commodities - Temporary Storage 
31063 Chinese Evergreen 46026 Storage Areas - Empty (All Or Unspec) 
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Table D-9.  PERMETHRIN—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
31065 Chrysanthemum (Mum) 46027 Storage Areas - Full (All Or Unspec) 
31066 Cineraria 46028 Feed/Food Storage Areas - Empty 
31071 Coleus 46037 Storage Areas (Unspecified) 
31072 Columbine 46501 Storage Areas (Unspecified) 
31080 Cyclamen 46502 Feed/Food Storage Areas (Unspecified) 
31081 Cymbidium Orchids 46503 Non Feed/Food Storage Areas (Unspecified) 
31083 Daffodil 54000 Pets (All Or Unspec) 
31084 Dahlias 54002 Cats (All Or Unspec) (Pet) 
31089 Diffenbachia (Dumbcane) 54003 Dogs (All Or Unspec) (Pet) 
31092 Dracaena (Godseffiana); Dracaena Spp. 54004 Dogs (Puppies) (Pet) 
31104 Fuchsia; Use 34841 54007 Dogs (Adult) (Pet) 
31107 Garden Cress 54010 Birds (All Or Unspec) (Aviary Birds, Etc.) (Pet) 
31108 Geranium 54020 Rodents (All Or Unspec) (Pet) 
31111 Gladiolus 56005 Horses (Race, Draft, Show, Riding, Etc.) 
31117 Gypsophila (Baby's Breath) 56020 Zoo Animals (All Or Unspec) 
31121 Hollyhock (Althea) 58000 Commercial Egg Handling Equipment 
31126 Iris 58501 Egg Handling Areas/Equipment (Combined Site) 
31129 Larkspur (Delphinium) 61006 Greenhouses (Empty) (Environs, Benches, Etc.) 
31131 Lilies (Excl. Belladonna & Calla Lilies) 61007 Mushroom Houses (All Or Unspec) 
31132 Lily-Of-The-Valley; Convallaria Majalis 61008 Beehives (All Or Unspec) 
31137 Marigold 61015 Greenhouses (In Use) 
31143 Nasturtium 63000 Household Or Domestic Dwellings (All Or Unspec) 
31147 Orchids (All Or Unspecified) 63001 Household Or Domestic Dwellings (Indoor) 
31149 Pansies 63002 Cracks & Crevices 
31151 Peonies 63003 Household Or Domestic Dwellings (Outdoor) 
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Table D-9.  PERMETHRIN—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
31154 Petunias 63004 Greenhouses - Domestic Non-Commercial 
31155 Philodendron & Split Leaf Philodendron 63005 House Or Domestic Dwelling Indoor Non-Food Area 
31159 Pointsetta 63006 Household Or Domestic Dwelling Food Handling Areas 
31163 Loosestrife, Purple 63010 Baseboards 
31167 Portulaca/Rose Moss 63011 Window Frames (Indoor) 
31168 Rubber Plant/Indian Rubber Tree 63012 Wall Voids, Wood (Injection) 
31170 Sage,Ornamental/Scarlet; Salvia Spp. 63013 Window Sills 
31172 Sansevieria/Snake Plant (Sansevieria Spp.) 63014 Door Frames 
31184 Snapdragon 63017 Domestic Garden Crops (Non-Commercial) 
31186 Spathiphyllum 63503 Cracks & Crevices 
31188 Stocks; Matthiola Spp. 63504 Greenhouses - Domestic Non-Commercial 
31194 Sunflower 63506 Baseboards 
31197 Sweat Pea 63507 Window Frames (Indoor) 
31205 Tulips 63508 Wall Void, Wood (Injection) 
31206 Verbena 63509 Window Sills 
31213 Zinnia 63510 Door Frames 
31223 Bamboo (Species Of: Bambusa;Sasa;Phyllostachys) 64000 Wood Or Wood Structure Protection Treatments 
31228 Lily, Canna (Canna) (Canna Hybrids) 64003 Wood Protection - Finished Wood Products 
31233 Crassula (Crassula Spp.) 64500 Wood Protection Treatments (All Or Unspecified) 
31267 Snakeplant; Sansevieria Trifasciata Prain. 64501 Lumber (Seasoned/Unseasoned) 
31276 Violas; Viola Spp. 64502 Wood Structures: Above Ground & Finished Struct 
31278 Wandering Jew 64503 Wood Protection: At/Below Ground Level 
31287 Laurel, Indian (Ficus Retusa) 64504 Wood Structures: Indoor/Enclosed Areas 
31297 Succulents (All Or Unspecified)   
31306 Velvetplant, Java Velvetleaf   
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Table D-9.  PERMETHRIN—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
31450 Spider Plant; Chlorophytum Comosum 65026 Sewage Systems (Septic Tanks, Sewers, Etc.) 
31465 Creeping Charlie; Lysimachia Numularia/Pilea Num 66000 Uncultivated Agricultural Areas (All Or Unspec) 
32000 Ornamental Plants (Herb. & Woody) (All Or Unspec) 67000 Uncultivated Non-Ag Areas (All Or Unspec) 
32002 Ornamental Vines (Herb. & Woody) (All Or Unspec.) 67002 Recreational Areas, Tennis Courts, Parks, Etc. 
32003 Ornamental Broadleaf Evergreens (All Or Unspec) 67003 Buildings And Structures (Non-Ag Outdoor) 
32004 Ornamental Plants (Deciduous) (All Or Unspec) 67006 Utility Rights-Of-Way, Yards, Substations, Etc. 
32005 Ornamental Evergreens (All Or Unspec) 67008 Sewage Disposal Areas (Municipal And Other) 
32008 Weed Hosts Of Plant Pathogens 67009 Industrial Sites (Lumber Yards, Tank Farms, Etc.) 
32010 House Plants 67011 Paved Areas, Pre-Paving Applications 
32501 Gardens (Ornamental, Flower, Rock, Shrub, Etc.) 67012 Private Roads, Walkways, Lanes, Patios, Etc. 
33007 Turf, Golf Course (Fairways, Greens, Rough) 67013 Rights-Of-Way (Unspec) (Firelanes, Etc.) 
33008 Ornamental Turf (All Or Unspec) 67015 Fencerows, Hedgerows, Stone Walls (Non-Ag) 
33009 Ornamental Ground Covers (All Or Unspec) 67501 Wasteland(S) (Distinct From Pasture/Rangeland) 
33010 Ornamental Lawns, Lawns (All Or Unspec) 68000 Wide Area And General In-/Outdoor (All Or Unspec) 
33011 Ornamental Grasses 68002 Urban Areas (All Or Unspec) (Residential, Etc.) 
33016 Bentgrass 68003 Public Buildings And Structures (Vert. Pests) 
33017 Bermudagrass 68005 Non-Agricultural Areas (Public Health Treatment) 
33019 Bluegrass 68501 Animal Burrow Entrances,Dens, Trails, Etc. 
33028 Dichondra (Ground Cover) 68502 Mosquito Abatement Districts 
33030 Ivy, English (Baltic, Wilson Ivy) (Ground Cover) 70000 Commercial Transport Facilities (All Or Unspec) 
33031 Fescue 70004 Ships, Boat Premises, Etc. (All Or Unspec) 
33043 Ryegrass, Perennial 70006 Trucks (Nonfeed/Food), Trucks (Empty), Etc. 
33050 St. Augustinegrass 70007 Automobiles, Taxis, Limos, Rv's, & Components 
33054 Lovegrass, Weeping; Eragrostis Curvula 70009 Railroad Cars (Feed/Food-Empty) 
33063 Honeysuckle (Ground Cover)   
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Table D-9.  PERMETHRIN—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
33112 Ivy (All Or Unspec) (Ground Cover) 70017 Trucks (Feed/Food-Empty) (Truck Beds, Vans, Etc.) 
33116 Bluegrass, Perennial 70026 Railway Trains (All Or Unspec) 
33124 Iceplant (Ground Cover) 70028 Buses (All Or Unspec) 
33127 Juniper (Ground Cover) 70031 Commercial Transport Facil (Feed/Food-Empty) 
34000 Ornamental Shrubs (All Or Unspec) (Woody/Herb.) 70501 Commercial Transport Facil (Feed/Food-Unspec) 
34005 Ornamental Woody Vines 70504 Commercial Transport Facil (Non Feed/Food-Unspec) 
34006 Ornamental Broadleaf Evergreen Shrubs 71000 Food Processing/Handling Plant/Area (All/Unspec) 
34007 Ornamental Deciduous Shrubs 71001 Bakeries, Bakery Equipment, Etc. 
34020 Ardista (Coralberry/Marlberry); Ardisia Spp. 71002 Bottling Plants (Includes Beverage Bottles) 
34022 Azalea (Rhododendron Species) 71004 Canneries And Frozen Food Plants 
34030 Bougainvillea; Bougainvillea Spp. 71006 Feed Mills, Feed Stores, Feed Processing Plants 
34031 Boxwood (Box Tree) (Buxus Spp.) 71008 Meat Processing Plants (Slaughter Houses, Etc.) 
34036 Camellia 71009 Poultry Meat Processing Plants, Etc. 
34040 Laurel, Cherry/English; Prunus Laurocerasus 71011 Flour Mills, Flour/Grain Elevators, Etc. 
34044 Coral Berry; Ardisia Crispa 71012 Egg Processing Plants, Egg Breaking Plants 
34053 Euonymous 71019 Beverage Processing Plants, Etc. (All Or Unspec) 
34055 Feijoa (Pineapple Guava) (Feijoa Spp.) 71021 Cereal Processing Plants (Mills) 
34057 Ficus (Ornamental Fig) (Ficus Spp.) 71033 Food Processing/Handling Plant/Area (Food Area) 
34061 Quince, Flowering (Chaemomeles Spp.) Orn 71034 Food Processing/Handling Plant/Area (Nonfood Are 
34062 Forsythia (Goldenn Bell) (Forsythia Spp.) 71501 Food Processing/Handling Plant/Area (Food Area) 
34063 Gardenia 71502 Food Processing/Handling Plant/Area (Nonfood Area) 
34069 Hibiscus (Rose Mallow) (Hibiscus Spp) 72000 Eating Establishments (All Or Unspec) 
34072 Honeysuckle (Lonicera Spp.) 72004 Eating Establishments (Non-Food Areas) 
34081 Jasmine (Jasminui Spp.) 72501 Eating Establishments (Food Handling/Serving Area) 
34088 Ligustrum (Privet) (Ligustrum Spp.) 73000 Food Marketing, Storage & Distribution Facilities 
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Table D-9.  PERMETHRIN—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
34089 Lilac 73002 Food Stores, Food Markets, Supermarkets, Etc. 
34094 Orange, Mock (Philadelphus Spp.) 74000 Hospitals & Related Institutions (All Or Unspec) 
34097 Laurel, Mountain (Kalia Latifolia) 74016 Nursing Homes 
34101 Physocarpus/Ninebark; Physocarpus Opulifolius 74502 Veterinary Hospitals (Veterinary) (All Or Unspec) 
34107 Laurel, Cuban; Ficus Spp. 76000 Morgues, Mortuaries, Funeral Homes (All Or Unspec) 
34116 Pothos; Pothos Spp. 77000 Commercial, Institutional Or Industrial Areas 
34118 Rhododendron (Species/Hybrids/Cultivars) (Azalea) 77001 Schools 
34120 Rose 77004 Commercial Storages Or Warehouses (All Or Unspec) 
34129 Snowberry (Symphoricarpos Spp.) 77005 Commercial/Institut./Indust. Bldgs. (Nonfood-Fum.) 
34130 Spirea (Spiraea Spp.) 77501 Schools (Indoor) (School Yards Use 67002) 
34134 Lilac (Syringa) (Syringa Spp.) 77502 Non-Feed/Non-Food Processing Plants 
34135 Peony, Tree (Paeonia Suffructicosa) 86000 Human Sites (All Or Unspec) 
34136 Trumpetcreeper/Trumpetvine; Campsis Radicans 86001 Human Bedding 
34137 Viburnum (Snowball) 86002 Human Body (All Or Unspec) 
34139 Wax-Myrtle/Southern Wax-Myrtle; Myrica Cerifera 86003 Human Clothing(Incl. Wigs/Footwear/Etc) 
34172 Fatshedera (Ivy Tree); Fatshedera Lizei=Fatsia Jap 86010 Human Camping Equipment 
34198 Grapevines (Ornamental) (Vittis Spp.) 86501 Human Facegear And Footwear (Combined Site) 
34330 Passionflower (Passiflora Spp.) 87001 Fabric Treatment (Fabrics, Laundry, Etc.) 
35000 Ornamental And/Or Shade Trees (All Or Unspec) 87010 Carpets (Hospital, Commercial, Household) 
35005 Ornamental Broadleaf Evergreen Trees (All/Unspec) 87011 Upholstery (Hospital, Commercial, Household) 
35006 Ornamental Deciduous Trees (All Or Unspec) 87012 Laundry(Mattresses,Pillows,Draperies 
35007 Ornamental Conifers (All Or Unspec) 87501 Fabric Treatment (Fabrics, Laundry, Etc.) 
35008 Ornamental Flowering Trees (Fruit, Nut, Etc.) 89000 Refuse And Solid Waste Sites (All Or Unspec) 
35021 Arborvitae (Thuja, Western Redcedar) 89003 Garbage Dumps (All Or Unspec) 
35028 Birch (Betula Spp.) 89006 Garbage Disposal Units, Food Disposals 
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Table D-9.  PERMETHRIN—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
35037 Cedar 90009 Mothproofing (For Tineid Moths, Dermestid Beetles) 
35042 Cypress 90011 Ant Dens/Hills/Mounds (In/Out-Door) (All/Unsp) 
35043 Dogwood (Ornamental) 90013 Beehives, Bee Colony (Diseased, Nuisance) 
35044 Douglas-Fir (Pseudotsuga Spp.) 90503 Inaminate Objects 
35049 Elm; Ulnus Spp. 90550 Zoos 
35051 Fir (True Firs) (Abies Spp.) 92501 Pets And Domestic Animals (Combined Site) 
35052 Almond, Flowering(Ornamental); Prunus Dulcis 97000 Surfaces (All Or Unspec) 
35055 Cherry, Flowering (Ornamental); Prunus Spp. 97005 Wood Surfaces (Seasoned/Unpainted) 
35056 Crabapple, Flowering (Ornamental); Malus=Pyrus Spp 100003 Landscape Maintenence 
35068 Hemlock (Tsuga Spp.)   
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Table D-10.  PIPERONYL BUTOXIDE—Urban Sites of Use 
Code Site Name Code Site Name 
31000 Ornamental Herbaceous Plants (All Or Unspec) 43022 Sugar (Cane, Beet, Sorghum, Maple, Unspec) 
31003 Ornamental Herbaceous Flowering Plants (All/Un) 43026 Fruits (Dried Or Dehydrated) 
31004 Ornamental Herbaceous Foliage Plants (All/Un) 43028 Rice (Enriched, Milled, Processed, Etc.) 
31005 Ornamental Bulb, Corm, Rhizome Plants (All/Unspec) 43043 Horse/Donkey/Mule/Pony Feed (All Or Unspec) 
31012 African Violets/Saintpaulia 44000 Proc. Or Manuf. Non-Food Prod. (All Or Unspec) 
31013 Ageratum/Flossflower/Pussy-Foot 44006 Textiles, Fabrics, And Fibers (Stored) 
31021 Anthurium 46000 Storage Areas & Processing Equipment (All/Unspec) 
31026 Aster (Aster Hybrids) 46019 Grain/Cereal/Flour Elevators -Empty 
31028 Baby's-Breath 46025 Nonfeed/Nonfood Commodities - Temporary Storage 
31032 Balsam Pear (Bitter Melon/Melos) 46026 Storage Areas - Empty (All Or Unspec) 
31034 Begonia (Fiberous & Tuberous Rooted) 46027 Storage Areas - Full (All Or Unspec) 
31046 Cacti (Family Cactaceae) 46028 Feed/Food Storage Areas - Empty 
31049 Calceolaria 46029 Feed/Food Storage Areas - Full 
31050 Calendula 46037 Storage Areas (Unspecified) 
31052 Lilies, Calla (Calla Spp.) 46038 Feed/Food Storage Areas (Unspecified) 
31057 Carnation 46501 Storage Areas (Unspecified) 
31058 Celosia 46502 Feed/Food Storage Areas (Unspecified) 
31065 Chrysanthemum (Mum) 46503 Non Feed/Food Storage Areas (Unspecified) 
31066 Cineraria 54000 Pets (All Or Unspec) 
31071 Coleus 54001 Cats (Kittens) (Pet) 
31077 Cosmos 54002 Cats (All Or Unspec) (Pet) 
31080 Cyclamen 54003 Dogs (All Or Unspec) (Pet) 
31083 Daffodil 54004 Dogs (Puppies) (Pet) 
31084 Dahlias 54009 Ferrets (Pets) 
31089 Diffenbachia (Dumbcane) 54010 Birds (All Or Unspec) (Aviary Birds, Etc.) (Pet) 
31092 Dracaena (Godseffiana); Dracaena Spp. 54020 Rodents (All Or Unspec) (Pet) 
31104 Fuchsia; Use 34841 54501 Mammals (All Or Unspec) (Pet) 
31106 Garden Balsam/Balsam; Impatiens Balsamina 55004 Guineas (All Or Unspec) 
31108 Geranium 55501 Eggs (Poultry) (All Or Unspec) 
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Table D-10.  PIPERONYL BUTOXIDE—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
31111 Gladiolus 56001 Animals (Unspecified) 
31112 Gloxina 56005 Horses (Race, Draft, Show, Riding, Etc.) 
31117 Gypsophila (Baby’s Breath) 56008 Ponies 
31121 Hollyhock (Althea) 56010 Laboratory, Research Animals (All Or Unspec) 
31123 Hyacinth 56020 Zoo Animals (All Or Unspec) 
31126 Iris 56026 Alfalfa Leafcutting Bee (Pollinator) 
31129 Larkspur (Delphinium) 58000 Commercial Egg Handling Equipment 
31137 Marigold 58501 Egg Handling Areas/Equipment (Combined Site) 
31142 Narcissus 61006 Greenhouses (Empty) (Environs, Benches, Etc.) 
31143 Nasturtium 61007 Mushroom Houses (All Or Unspec) 
31147 Orchids (All Or Unspecified) 61008 Beehives (All Or Unspec) 
31151 Peonies 61009 Barns, Barnyards, Auction Barns (All Or Unspec) 
31154 Petunias 61015 Greenhouses (In Use) 
31155 Philodendron & Split Leaf Philodendron 63000 Household Or Domestic Dwellings (All Or Unspec) 
31156 Phlox 63001 Household Or Domestic Dwellings (Indoor) 
31159 Pointsetta 63002 Cracks & Crevices 
31163 Loosestrife, Purple 63003 Household Or Domestic Dwellings (Outdoor) 
31167 Portulaca/Rose Moss 63004 Greenhouses – Domestic Non-Commercial 
31168 Rubber Plant/Indian Rubber Tree 63005 House Or Domestic Dwelling Indoor Non-Food Area 
31170 Sage,Ornamental/Scarlet; Salvia Spp. 63010 Baseboards 
31172 Sansevieria/Snake Plant (Sansevieria Spp.) 63011 Window Frames (Indoor) 
31184 Snapdragon 63014 Door Frames 
31188 Stocks; Matthiola Spp. 63017 Domestic Garden Crops (Non-Commercial) 
31195 Kochia, Summer Cypress, Burinigbush 63504 Greenhouses – Domestic Non-Commercial 
31205 Tulips 63506 Baseboards 
31206 Verbena 63507 Window Frames (Indoor) 
31213 Zinnia 63510 Door Frames 
31223 Bamboo (Species Of: Bambusa;Sasa;Phyllostachys) 64000 Wood Or Wood Structure Protection Treatments 
31228 Lily, Canna (Canna) (Canna Hybrids) 64500 Wood Protection Treatments (All Or Unspecified) 
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Table D-10.  PIPERONYL BUTOXIDE—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
31233 Crassula (Crassula Spp.) 64502 Wood Structures: Above Ground & Finished Struct 
31278 Wandering Jew 65000 Aquatic Areas, Water Areas (All Or Unspec) 
31288 Freesia; Freesia Spp. 65011 Swimming Pool Water Systems (Pools, Spas, Etc.) 
31297 Succulents (All Or Unspecified) 65013 Drainage Systems (All Or Unspec) 
31306 Velvetplant, Java Velvetleaf 65015 Human Drinking Water Systems (Potable) 
31429 Cabbage, Flowering/Ornamental; Acephala Group 65023 Ornamental Ponds, Ornamental Fountains, Etc. 
31708 Cucumber, Wild; Eclipta Alba 65026 Sewage Systems (Septic Tanks, Sewers, Etc.) 
32000 Ornamental Plants (Herb. & Woody) (All Or Unspec) 65031 Lakes, Ponds, Reservoirs, Etc. (Animal Use) 
32002 Ornamental Vines (Herb. & Woody) (All Or Unspec.) 65032 Streams, Rivers, Waterways, Canals, Etc. 
32003 Ornamental Broadleaf Evergreens (All Or Unspec) 65033 Swamps, Marshes, Bogs & Standing Water (Permanent) 
32004 Ornamental Plants (Deciduous) (All Or Unspec) 65034 Industrial, Commercial Ponds (Log Ponds, Etc.) 
32005 Ornamental Evergreens (All Or Unspec) 65037 Polluted/Stagnant Water 
32010 House Plants 65038 Intermittently Flooded Areas, Catch Basins, Etc. 
32501 Gardens (Ornamental, Flower, Rock, Shrub, Etc.) 65039 Salt Water Sites, Tidal Areas, Etc. 
33007 Turf, Golf Course (Fairways, Greens, Rough) 67000 Uncultivated Non-Ag Areas (All Or Unspec) 
33008 Ornamental Turf (All Or Unspec) 67002 Recreational Areas, Tennis Courts, Parks, Etc. 
33009 Ornamental Ground Covers (All Or Unspec) 67003 Buildings And Structures (Non-Ag Outdoor) 
33010 Ornamental Lawns, Lawns (All Or Unspec) 67006 Utility Rights-Of-Way, Yards, Substations, Etc. 
33011 Ornamental Grasses 67008 Sewage Disposal Areas (Municipal And Other) 
33030 Ivy, English (Baltic, Wilson Ivy) (Ground Cover) 67009 Industrial Sites (Lumber Yards, Tank Farms, Etc.) 
33063 Honeysuckle (Ground Cover) 67011 Paved Areas, Pre-Paving Applications 
33068 Bromegrass 67012 Private Roads, Walkways, Lanes, Patios, Etc. 
33112 Ivy (All Or Unspec) (Ground Cover) 67013 Rights-Of-Way (Unspec) (Firelanes, Etc.) 
33127 Juniper (Ground Cover) 67015 Fencerows, Hedgerows, Stone Walls (Non-Ag) 
33128 Gazania (Ground Cover) 67501 Wasteland(S) (Distinct From Pasture/Rangeland) 
33133 Lantana (Ground Cover) 67502 Apply Directly To Pest: No Site Specified 
34000 Ornamental Shrubs (All Or Unspec) (Woody/Herb.) 68000 Wide Area And General In-/Outdoor (All Or Unspec) 
34006 Ornamental Broadleaf Evergreen Shrubs 68001 Rural Areas (All Or Unspec) 
34007 Ornamental Deciduous Shrubs 68002 Urban Areas (All Or Unspec) (Residential, Etc.) 
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Table D-10.  PIPERONYL BUTOXIDE—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
34022 Azalea (Rhododendron Species) 68003 Public Buildings And Structures (Vert. Pests) 
34025 Barberry (Berberis Spp.) 68501 Animal Burrow Entrances,Dens, Trails, Etc. 
34031 Boxwood (Box Tree) (Buxus Spp.) 68502 Mosquito Abatement Districts 
34036 Camellia 69003 Boats/Ships (Wood, Plywood) 
34040 Laurel, Cherry/English; Prunus Laurocerasus 69017 Boat/Ship Hulls/Bottoms (All Or Unspec) 
34044 Coral Berry; Ardisia Crispa 70000 Commercial Transport Facilities (All Or Unspec) 
34045 Cotonesater 70004 Ships, Boat Premises, Etc. (All Or Unspec) 
34053 Euonymous 70005 Railway Cars (Nonfeed/Food) (Trains, Etc.) 
34055 Feijoa (Pineapple Guava) (Feijoa Spp.) 70006 Trucks (Nonfeed/Food), Trucks (Empty), Etc. 
34057 Ficus (Ornamental Fig) (Ficus Spp.) 70007 Automobiles, Taxis, Limos, Rv's, & Components 
34058 Pyracantha (Firethorn) 70009 Railroad Cars (Feed/Food-Empty) 
34061 Quince, Flowering (Chaemomeles Spp.) Orn 70017 Trucks (Feed/Food-Empty) (Truck Beds, Vans, Etc.) 
34062 Forsythia (Goldenn Bell) (Forsythia Spp.) 70018 Trucks (Feed/Food-Full) (Truck Beds, Vans, Etc.) 
34063 Gardenia 70019 Shipholds (Feed/Food-Empty) 
34069 Hibiscus (Rose Mallow) (Hibiscus Spp) 70026 Railway Trains (All Or Unspec) 
34070 Holly (Yaupon) (Inkberry) (Ilex Spp.) 70027 Aircraft (All Or Unspec) 
34078 Andromeda, Japanese; Pieris Japonica 70028 Buses (All Or Unspec) 
34083 Lantana (Shrub Verbena) (Lantana Spp.) 70031 Commercial Transport Facil (Feed/Food-Empty) 
34089 Lilac 70032 Commercial Transport Facil (Feed/Food-Full) 
34094 Orange, Mock (Philadelphus Spp.) 70034 Shipholds (Nonfeed/Nonfood) 
34097 Laurel, Mountain (Kalia Latifolia) 70501 Commercial Transport Facil (Feed/Food-Unspec) 
34099 Myrtle (Family Myrtaceae) 70502 Commercial Transport Facil (Non Feed/Food-Empty) 
34106 Pachysandra (Pachysandra Spp.) 70504 Commercial Transport Facil (Non Feed/Food-Unspec) 
34107 Laurel, Cuban; Ficus Spp. 71000 Food Processing/Handling Plant/Area (All/Unspec) 
34116 Pothos; Pothos Spp. 71001 Bakeries, Bakery Equipment, Etc. 
34118 Rhododendron (Species/Hybrids/Cultivars) (Azalea) 71002 Bottling Plants (Includes Beverage Bottles) 
34120 Rose 71003 Breweries, Distilleries, Beer Beverage Cases, Etc. 
34130 Spirea (Spiraea Spp.) 71004 Canneries And Frozen Food Plants 
34135 Peony, Tree (Paeonia Suffructicosa) 71005 Creameries, Dairies, Cheese Plants, Etc. 
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Table D-10.  PIPERONYL BUTOXIDE—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
34136 Trumpetcreeper/Trumpetvine; Campsis Radicans 71006 Feed Mills, Feed Stores, Feed Processing Plants 
34137 Viburnum (Snowball) 71007 Fresh Fruit & Veg. Packing, Process. Plants, Etc. 
34158 Ceanothus 71008 Meat Processing Plants (Slaughter Houses, Etc.) 
34198 Grapevines (Ornamental) (Vittis Spp.) 71009 Poultry Meat Processing Plants, Etc. 
34227 Wintergreen (Gaultheria Spp.) 71010 Wineries, Wine Cellars 
35000 Ornamental And/Or Shade Trees (All Or Unspec) 71011 Flour Mills, Flour/Grain Elevators, Etc. 
35005 Ornamental Broadleaf Evergreen Trees (All/Unspec) 71012 Egg Processing Plants, Egg Breaking Plants 
35006 Ornamental Deciduous Trees (All Or Unspec) 71017 Tobacco Processing Plants, Tobacco Factories 
35007 Ornamental Conifers (All Or Unspec) 71019 Beverage Processing Plants, Etc. (All Or Unspec) 
35008 Ornamental Flowering Trees (Fruit, Nut, Etc.) 71020 Nut Processing Plants, Peanut Mills, Etc. 
35021 Arborvitae (Thuja, Western Redcedar) 71021 Cereal Processing Plants (Mills) 
35022 Ash; Fraxinus Spp. 71024 Spice Mills, Pepper Processing Plants 
35027 Beech; Fagus Spp. 71028 Dried Fruit Processing Plants 
35028 Birch (Betula Spp.) 71029 Pickle Processing Plants 
35037 Cedar 71033 Food Processing/Handling Plant/Area (Food Area) 
35038 Chamaecyparis/False Cypress; Chamaecyparis Spp. 71501 Food Processing/Handling Plant/Area (Food Area) 
35043 Dogwood (Ornamental) 71502 Food Processing/Handling Plant/Area (Nonfood Area) 
35044 Douglas-Fir (Pseudotsuga Spp.) 72000 Eating Establishments (All Or Unspec) 
35049 Elm; Ulnus Spp. 72004 Eating Establishments (Non-Food Areas) 
35050 Eucalyptus; Eucalyptus Spp. 72501 Eating Establishments (Food Handling/Serving Area) 
35051 Fir (True Firs) (Abies Spp.) 73000 Food Marketing, Storage & Distribution Facilities 
35056 Crabapple, Flowering (Ornamental); Malus=Pyrus Spp 73002 Food Stores, Food Markets, Supermarkets, Etc. 
35058 Peach/Nectarine, Flowering (Ornamental); Prunus Pe 73003 Meat Markets (Fish Markets, Butcher Shops, Etc.) 
35067 Hackberry (Celtis Spp.) 74000 Hospitals & Related Institutions (All Or Unspec) 
35068 Hemlock (Tsuga Spp.) 74008 Hospital Critical Premises 
35069 Hickory (Carya Spp.) 74016 Nursing Homes 
35070 Honeylocust (Gleditsia Spp.) 74501 Hospital Critical & Semi-Critical Items (Combined) 
35071 Horsechestnut, Common/European; Aesculus Hippocast 74502 Veterinary Hospitals (Veterinary) (All Or Unspec) 
35073 Juniper; Juniperus Spp. 76000 Morgues, Mortuaries, Funeral Homes (All Or Unspec) 
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Table D-10.  PIPERONYL BUTOXIDE—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
35074 Larch (Larix Spp.) 77000 Commercial, Institutional Or Industrial Areas 
35075 Linden (Tilia Spp.) 77001 Schools 
35077 Locust 77002 Commercial, Institutional Or Industrial Equipment 
35082 Magnolia 77004 Commercial Storages Or Warehouses (All Or Unspec) 
35083 Maple; Acer Spp. 77005 Commercial/Institut./Indust. Bldgs. (Nonfood-Fum.) 
35093 Oak (Quercus Spp.) 77501 Schools (Indoor) (School Yards Use 67002) 
35095 Citrus (Ornamental); Citrus Spp. 77502 Non-Feed/Non-Food Processing Plants 
35096 Guava (Ornamental); Psidium Spp. 86000 Human Sites (All Or Unspec) 
35097 Palm; Family Palmae 86001 Human Bedding 
35098 Pine; Pinus Spp. 86002 Human Body (All Or Unspec) 
35099 Podocarpus; Podocarpus Spp. 86003 Human Clothing(Incl. Wigs/Footwear/Etc) 
35101 Poplar (Populus Spp.) 86501 Human Facegear And Footwear (Combined Site) 
35116 Spruce 87007 Diapers (Household, Presoak, Hospital, Commercial) 
35119 Sycamore (Planetree) (Buttonwood) (Plantus Spp.) 87010 Carpets (Hospital, Commercial, Household) 
35120 Tuliptree 87012 Laundry(Mattresses,Pillows,Draperies 
35128 Willow (Salix Spp.) 87501 Fabric Treatment (Fabrics, Laundry, Etc.) 
35130 Yew (Taxus Species) 88003 Bathroom Premises (Lavatories, Restrooms, Etc.) 
35136 Mimosa 89000 Refuse And Solid Waste Sites (All Or Unspec) 
35192 London Plane; Quercus Virginiana 89006 Garbage Disposal Units, Food Disposals 
39001 Ornamental Ferns (All Or Unspec) 90004 Museum Collections (Preserved Specimens) 
39003 Ornamental Nurseries (Stock, Crops, Etc.) 90009 Mothproofing (For Tineid Moths, Dermestid Beetles) 
39005 Ornamental Plants - Greenhouse (All Or Unspec) 90011 Ant Dens/Hills/Mounds (In/Out-Door) (All/Unsp) 
40000 Soil Application (Ag-Crop, Orn-Plant Situations) 90013 Beehives, Bee Colony (Diseased, Nuisance) 
40001 Manure 90503 Inaminate Objects 
40003 Compost, Compost Piles (Rotted) 90550 Zoos 
40006 Mulch (Including Mulching Straw, Hay, Paper) 92002 Commercial-Industrial Uses (Combined Site) 
40502 Soil Beneath Host Plants 92501 Pets And Domestic Animals (Combined Site) 
43000 Processed Food And Feed Products (All Or Unspec) 92502 Commercial - Industrial Uses (Combined Site) 
43012 Birdseed (All Or Unspec) 97000 Surfaces (All Or Unspec) 
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Table D-11.  PYRETHRINS—Urban Sites of Use 
Code Site Name Code Site Name 
31000 Ornamental Herbaceous Plants (All Or Unspec) 40001 Manure 
31003 Ornamental Herbaceous Flowering Plants (All/Un) 40003 Compost, Compost Piles (Rotted) 
31004 Ornamental Herbaceous Foliage Plants (All/Un) 40006 Mulch (Including Mulching Straw, Hay, Paper) 
31005 Ornamental Bulb, Corm, Rhizome Plants (All/Unspec) 40502 Soil Beneath Host Plants 
31012 African Violets/Saintpaulia 43000 Processed Food And Feed Products (All Or Unspec) 
31013 Ageratum/Flossflower/Pussy-Foot 43012 Birdseed (All Or Unspec) 
31021 Anthurium 43022 Sugar (Cane, Beet, Sorghum, Maple, Unspec) 
31026 Aster (Aster Hybrids) 43026 Fruits (Dried Or Dehydrated) 
31028 Baby's-Breath 43028 Rice (Enriched, Milled, Processed, Etc.) 
31031 Balsam Apple 43043 Horse/Donkey/Mule/Pony Feed (All Or Unspec) 
31032 Balsam Pear (Bitter Melon/Melos) 44006 Textiles, Fabrics, And Fibers (Stored) 
31034 Begonia (Fiberous & Tuberous Rooted) 46000 Storage Areas & Processing Equipment (All/Unspec) 
31046 Cacti (Family Cactaceae) 46019 Grain/Cereal/Flour Elevators -Empty 
31049 Calceolaria 46025 Nonfeed/Nonfood Commodities - Temporary Storage 
31050 Calendula 46026 Storage Areas - Empty (All Or Unspec) 
31052 Lilies, Calla (Calla Spp.) 46027 Storage Areas - Full (All Or Unspec) 
31055 Candytuft (Annual & Perennial) 46028 Feed/Food Storage Areas - Empty 
31057 Carnation 46029 Feed/Food Storage Areas - Full 
31058 Celosia 46037 Storage Areas (Unspecified) 
31065 Chrysanthemum (Mum) 46038 Feed/Food Storage Areas (Unspecified) 
31066 Cineraria 46501 Storage Areas (Unspecified) 
31071 Coleus 46502 Feed/Food Storage Areas (Unspecified) 
31077 Cosmos 46503 Non Feed/Food Storage Areas (Unspecified) 
31080 Cyclamen 54000 Pets (All Or Unspec) 
31083 Daffodil 54001 Cats (Kittens) (Pet) 
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Table D-11.  PYRETHRINS—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
31084 Dahlias 54002 Cats (All Or Unspec) (Pet) 
31089 Diffenbachia (Dumbcane) 54003 Dogs (All Or Unspec) (Pet) 
31092 Dracaena (Godseffiana); Dracaena Spp. 54004 Dogs (Puppies) (Pet) 
31104 Fuchsia; Use 34841 54007 Dogs (Adult) (Pet) 
31106 Garden Balsam/Balsam; Impatiens Balsamina 54008 Cats (Adult) (Pet) 
31108 Geranium 54009 Ferrets (Pets) 
31111 Gladiolus 54010 Birds (All Or Unspec) (Aviary Birds, Etc.) (Pet) 
31112 Gloxina 54020 Rodents (All Or Unspec) (Pet) 
31117 Gypsophila (Baby’s Breath) 54501 Mammals (All Or Unspec) (Pet) 
31121 Hollyhock (Althea) 55004 Guineas (All Or Unspec) 
31123 Hyacinth 55501 Eggs (Poultry) (All Or Unspec) 
31126 Iris 56001 Animals (Unspecified) 
31129 Larkspur (Delphinium) 56005 Horses (Race, Draft, Show, Riding, Etc.) 
31132 Lily-Of-The-Valley; Convallaria Majalis 56008 Ponies 
31137 Marigold 56010 Laboratory, Research Animals (All Or Unspec) 
31142 Narcissus 56020 Zoo Animals (All Or Unspec) 
31143 Nasturtium 56026 Alfalfa Leafcutting Bee (Pollinator) 
31147 Orchids (All Or Unspecified) 58000 Commercial Egg Handling Equipment 
31149 Pansies 58501 Egg Handling Areas/Equipment (Combined Site) 
31151 Peonies 61006 Greenhouses (Empty) (Environs, Benches, Etc.) 
31154 Petunias 61007 Mushroom Houses (All Or Unspec) 
31155 Philodendron & Split Leaf Philodendron 61008 Beehives (All Or Unspec) 
31156 Phlox 61015 Greenhouses (In Use) 
31159 Pointsetta 63000 Household Or Domestic Dwellings (All Or Unspec) 
31163 Loosestrife, Purple 63001 Household Or Domestic Dwellings (Indoor) 
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Table D-11.  PYRETHRINS—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
31167 Portulaca/Rose Moss 63002 Cracks & Crevices 
31168 Rubber Plant/Indian Rubber Tree 63003 Household Or Domestic Dwellings (Outdoor) 
31170 Sage,Ornamental/Scarlet; Salvia Spp. 63004 Greenhouses - Domestic Non-Commercial 
31172 Sansevieria/Snake Plant (Sansevieria Spp.) 63005 House Or Domestic Dwelling Indoor Non-Food Area 
31184 Snapdragon 63010 Baseboards 
31188 Stocks; Matthiola Spp. 63011 Window Frames (Indoor) 
31195 Kochia, Summer Cypress, Burinigbush 63013 Window Sills 
31197 Sweat Pea 63014 Door Frames 
31205 Tulips 63017 Domestic Garden Crops (Non-Commercial) 
31206 Verbena 63504 Greenhouses - Domestic Non-Commercial 
31213 Zinnia 63506 Baseboards 
31223 Bamboo (Species Of: Bambusa;Sasa;Phyllostachys) 63509 Window Sills 
31228 Lily, Canna (Canna) (Canna Hybrids) 63510 Door Frames 
31233 Crassula (Crassula Spp.) 64000 Wood Or Wood Structure Protection Treatments 
31278 Wandering Jew 64500 Wood Protection Treatments (All Or Unspecified) 
31288 Freesia; Freesia Spp. 64502 Wood Structures: Above Ground & Finished Struct 
31297 Succulents (All Or Unspecified) 65000 Aquatic Areas, Water Areas (All Or Unspec) 
31306 Velvetplant, Java Velvetleaf 65011 Swimming Pool Water Systems (Pools, Spas, Etc.) 
31429 Cabbage, Flowering/Ornamental; Acephala Group 65013 Drainage Systems (All Or Unspec) 
31708 Cucumber, Wild; Eclipta Alba 65015 Human Drinking Water Systems (Potable) 
32000 Ornamental Plants (Herb. & Woody) (All Or Unspec) 65023 Ornamental Ponds, Ornamental Fountains, Etc. 
32002 Ornamental Vines (Herb. & Woody) (All Or Unspec.) 65026 Sewage Systems (Septic Tanks, Sewers, Etc.) 
32003 Ornamental Broadleaf Evergreens (All Or Unspec) 65031 Lakes, Ponds, Reservoirs, Etc. (Animal Use) 
32004 Ornamental Plants (Deciduous) (All Or Unspec) 65032 Streams, Rivers, Waterways, Canals, Etc. 
32005 Ornamental Evergreens (All Or Unspec) 65033 Swamps, Marshes, Bogs & Standing Water (Permanent) 
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Table D-11.  PYRETHRINS—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
32010 House Plants 65034 Industrial, Commercial Ponds (Log Ponds, Etc.) 
32501 Gardens (Ornamental, Flower, Rock, Shrub, Etc.) 65037 Polluted/Stagnant Water 
33007 Turf, Golf Course (Fairways, Greens, Rough) 65038 Intermittently Flooded Areas, Catch Basins, Etc. 
33008 Ornamental Turf (All Or Unspec) 65039 Salt Water Sites, Tidal Areas, Etc. 
33009 Ornamental Ground Covers (All Or Unspec) 66000 Uncultivated Agricultural Areas (All Or Unspec) 
33010 Ornamental Lawns, Lawns (All Or Unspec) 67000 Uncultivated Non-Ag Areas (All Or Unspec) 
33011 Ornamental Grasses 67002 Recreational Areas, Tennis Courts, Parks, Etc. 
33012 Ornamental Clovers 67003 Buildings And Structures (Non-Ag Outdoor) 
33030 Ivy, English (Baltic, Wilson Ivy) (Ground Cover) 67006 Utility Rights-Of-Way, Yards, Substations, Etc. 
33060 Ceanothus (Ground Cover) 67008 Sewage Disposal Areas (Municipal And Other) 
33063 Honeysuckle (Ground Cover) 67009 Industrial Sites (Lumber Yards, Tank Farms, Etc.) 
33068 Bromegrass 67011 Paved Areas, Pre-Paving Applications 
33112 Ivy (All Or Unspec) (Ground Cover) 67012 Private Roads, Walkways, Lanes, Patios, Etc. 
33127 Juniper (Ground Cover) 67013 Rights-Of-Way (Unspec) (Firelanes, Etc.) 
33128 Gazania (Ground Cover) 67015 Fencerows, Hedgerows, Stone Walls (Non-Ag) 
33133 Lantana (Ground Cover) 67501 Wasteland(S) (Distinct From Pasture/Rangeland) 
34000 Ornamental Shrubs (All Or Unspec) (Woody/Herb.) 67502 Apply Directly To Pest: No Site Specified 
34006 Ornamental Broadleaf Evergreen Shrubs 68000 Wide Area And General In-/Outdoor (All Or Unspec) 
34007 Ornamental Deciduous Shrubs 68001 Rural Areas (All Or Unspec) 
34022 Azalea (Rhododendron Species) 68002 Urban Areas (All Or Unspec) (Residential, Etc.) 
34025 Barberry (Berberis Spp.) 68003 Public Buildings And Structures (Vert. Pests) 
34031 Boxwood (Box Tree) (Buxus Spp.) 68502 Mosquito Abatement Districts 
34035 Privet, California; Ligustrum Ovalifolium 69017 Boat/Ship Hulls/Bottoms (All Or Unspec) 
34036 Camellia 70000 Commercial Transport Facilities (All Or Unspec) 
34040 Laurel, Cherry/English; Prunus Laurocerasus 70004 Ships, Boat Premises, Etc. (All Or Unspec) 
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Table D-11.  PYRETHRINS—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
34044 Coral Berry; Ardisia Crispa 70005 Railway Cars (Nonfeed/Food) (Trains, Etc.) 
34045 Cotonesater 70006 Trucks (Nonfeed/Food), Trucks (Empty), Etc. 
34053 Euonymous 70007 Automobiles, Taxis, Limos, Rv's, & Components 
34055 Feijoa (Pineapple Guava) (Feijoa Spp.) 70009 Railroad Cars (Feed/Food-Empty) 
34057 Ficus (Ornamental Fig) (Ficus Spp.) 70017 Trucks (Feed/Food-Empty) (Truck Beds, Vans, Etc.) 
34058 Pyracantha (Firethorn) 70018 Trucks (Feed/Food-Full) (Truck Beds, Vans, Etc.) 
34061 Quince, Flowering (Chaemomeles Spp.) Orn 70019 Shipholds (Feed/Food-Empty) 
34062 Forsythia (Goldenn Bell) (Forsythia Spp.) 70026 Railway Trains (All Or Unspec) 
34063 Gardenia 70027 Aircraft (All Or Unspec) 
34066 Hawthorn (Thorn) (Crataegus Spp.) 70028 Buses (All Or Unspec) 
34069 Hibiscus (Rose Mallow) (Hibiscus Spp) 70031 Commercial Transport Facil (Feed/Food-Empty) 
34070 Holly (Yaupon) (Inkberry) (Ilex Spp.) 70032 Commercial Transport Facil (Feed/Food-Full) 
34078 Andromeda, Japanese; Pieris Japonica 70034 Shipholds (Nonfeed/Nonfood) 
34083 Lantana (Shrub Verbena) (Lantana Spp.) 70501 Commercial Transport Facil (Feed/Food-Unspec) 
34089 Lilac 70502 Commercial Transport Facil (Non Feed/Food-Empty) 
34094 Orange, Mock (Philadelphus Spp.) 70504 Commercial Transport Facil (Non Feed/Food-Unspec) 
34097 Laurel, Mountain (Kalia Latifolia) 71000 Food Processing/Handling Plant/Area (All/Unspec) 
34099 Myrtle (Family Myrtaceae) 71001 Bakeries, Bakery Equipment, Etc. 
34106 Pachysandra (Pachysandra Spp.) 71002 Bottling Plants (Includes Beverage Bottles) 
34107 Laurel, Cuban; Ficus Spp. 71003 Breweries, Distilleries, Beer Beverage Cases, Etc. 
34116 Pothos; Pothos Spp. 71004 Canneries And Frozen Food Plants 
34118 Rhododendron (Species/Hybrids/Cultivars) (Azalea) 71005 Creameries, Dairies, Cheese Plants, Etc. 
34120 Rose 71006 Feed Mills, Feed Stores, Feed Processing Plants 
34130 Spirea (Spiraea Spp.) 71007 Fresh Fruit & Veg. Packing, Process. Plants, Etc. 
34135 Peony, Tree (Paeonia Suffructicosa) 71008 Meat Processing Plants (Slaughter Houses, Etc.) 
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Table D-11.  PYRETHRINS—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
34136 Trumpetcreeper/Trumpetvine; Campsis Radicans 71009 Poultry Meat Processing Plants, Etc. 
34137 Viburnum (Snowball) 71010 Wineries, Wine Cellars 
34158 Ceanothus 71011 Flour Mills, Flour/Grain Elevators, Etc. 
34198 Grapevines (Ornamental) (Vittis Spp.) 71012 Egg Processing Plants, Egg Breaking Plants 
34227 Wintergreen (Gaultheria Spp.) 71017 Tobacco Processing Plants, Tobacco Factories 
35000 Ornamental And/Or Shade Trees (All Or Unspec) 71019 Beverage Processing Plants, Etc. (All Or Unspec) 
35005 Ornamental Broadleaf Evergreen Trees (All/Unspec) 71020 Nut Processing Plants, Peanut Mills, Etc. 
35006 Ornamental Deciduous Trees (All Or Unspec) 71021 Cereal Processing Plants (Mills) 
35007 Ornamental Conifers (All Or Unspec) 71024 Spice Mills, Pepper Processing Plants 
35008 Ornamental Flowering Trees (Fruit, Nut, Etc.) 71028 Dried Fruit Processing Plants 
35021 Arborvitae (Thuja, Western Redcedar) 71029 Pickle Processing Plants 
35022 Ash; Fraxinus Spp. 71033 Food Processing/Handling Plant/Area (Food Area) 
35027 Beech; Fagus Spp. 71501 Food Processing/Handling Plant/Area (Food Area) 
35028 Birch (Betula Spp.) 71502 Food Processing/Handling Plant/Area (Nonfood Area) 
35037 Cedar 72000 Eating Establishments (All Or Unspec) 
35038 Chamaecyparis/False Cypress; Chamaecyparis Spp. 72004 Eating Establishments (Non-Food Areas) 
35042 Cypress 72501 Eating Establishments (Food Handling/Serving Area) 
35043 Dogwood (Ornamental) 73000 Food Marketing, Storage & Distribution Facilities 
35044 Douglas-Fir (Pseudotsuga Spp.) 73002 Food Stores, Food Markets, Supermarkets, Etc. 
35049 Elm; Ulnus Spp. 73003 Meat Markets (Fish Markets, Butcher Shops, Etc.) 
35050 Eucalyptus; Eucalyptus Spp. 74000 Hospitals & Related Institutions (All Or Unspec) 
35051 Fir (True Firs) (Abies Spp.) 74008 Hospital Critical Premises 
35055 Cherry, Flowering (Ornamental); Prunus Spp. 74016 Nursing Homes 
35056 Crabapple, Flowering (Ornamental); Malus=Pyrus Spp 74501 Hospital Critical & Semi-Critical Items (Combined) 
35058 Peach/Nectarine, Flowering (Ornamental); Prunus Pe 74502 Veterinary Hospitals (Veterinary) (All Or Unspec) 
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Table D-11.  PYRETHRINS—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
35062 Ginkgo/Maidenhair Tree; Ginkgo Biloba 76000 Morgues, Mortuaries, Funeral Homes (All Or Unspec) 
35067 Hackberry (Celtis Spp.) 77000 Commercial, Institutional Or Industrial Areas 
35068 Hemlock (Tsuga Spp.) 77001 Schools 
35069 Hickory (Carya Spp.) 77002 Commercial, Institutional Or Industrial Equipment 
35070 Honeylocust (Gleditsia Spp.) 77004 Commercial Storages Or Warehouses (All Or Unspec) 
35071 Horsechestnut, Common/European; Aesculus Hippocast 77005 Commercial/Institut./Indust. Bldgs. (Nonfood-Fum.) 
35073 Juniper; Juniperus Spp. 77501 Schools (Indoor) (School Yards Use 67002) 
35074 Larch (Larix Spp.) 77502 Non-Feed/Non-Food Processing Plants 
35075 Linden (Tilia Spp.) 86000 Human Sites (All Or Unspec) 
35077 Locust 86001 Human Bedding 
35081 Plum, Japanese/Loquat; Eriobotrya Japonica 86002 Human Body (All Or Unspec) 
35082 Magnolia 86003 Human Clothing(Incl. Wigs/Footwear/Etc) 
35083 Maple; Acer Spp. 86501 Human Facegear And Footwear (Combined Site) 
35093 Oak (Quercus Spp.) 87007 Diapers (Household, Presoak, Hospital, Commercial) 
35095 Citrus (Ornamental); Citrus Spp. 87010 Carpets (Hospital, Commercial, Household) 
35096 Guava (Ornamental); Psidium Spp. 87011 Upholstery (Hospital, Commercial, Household) 
35097 Palm; Family Palmae 87012 Laundry(Mattresses,Pillows,Draperies 
35098 Pine; Pinus Spp. 87501 Fabric Treatment (Fabrics, Laundry, Etc.) 
35099 Podocarpus; Podocarpus Spp. 88003 Bathroom Premises (Lavatories, Restrooms, Etc.) 
35101 Poplar (Populus Spp.) 89000 Refuse And Solid Waste Sites (All Or Unspec) 
35116 Spruce 89006 Garbage Disposal Units, Food Disposals 
35119 Sycamore (Planetree) (Buttonwood) (Plantus Spp.) 90004 Museum Collections (Preserved Specimens) 
35120 Tuliptree 90009 Mothproofing (For Tineid Moths, Dermestid Beetles) 
35128 Willow (Salix Spp.) 90011 Ant Dens/Hills/Mounds (In/Out-Door) (All/Unsp) 
35130 Yew (Taxus Species) 90013 Beehives, Bee Colony (Diseased, Nuisance) 
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Table D-11.  PYRETHRINS—Urban Sites of Use (Continued) 
Code Site Name Code Site Name 
35136 Mimosa 90503 Inaminate Objects 
35192 London Plane; Quercus Virginiana 90550 Zoos 
35800 Smoke Tree, Common; Cotinus Coggygria 92002 Commercial-Industrial Uses (Combined Site) 
39001 Ornamental Ferns (All Or Unspec) 92501 Pets And Domestic Animals (Combined Site) 
39003 Ornamental Nurseries (Stock, Crops, Etc.) 92502 Commercial - Industrial Uses (Combined Site) 
39005 Ornamental Plants - Greenhouse (All Or Unspec) 97000 Surfaces (All Or Unspec) 
40000 Soil Application (Ag-Crop, Orn-Plant Situations)   
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not necessarily reflect those of the funding agencies.  Because of the uncertainties 
inherent in research work, TDC Environmental, LLC does not make any warranty, 
expressed or implied, nor assume any legal liability or responsibility for any third party's 
use of the results of or the results of such use of any information, product, or process 
described in this report.  Mention of trade names or commercial products, organizations, 
or suppliers does not constitute endorsement or recommendation for use. 
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1.0 INTRODUCTION 



1.1 Background 
Until the 1990s, water quality managers generally did not actively consider the potential 
for urban pesticide use to harm surface water quality.  In the mid-1990s, California water 
quality agencies found widespread toxicity in water bodies receiving urban runoff.  The 
toxicity was linked to two commonly used pesticides—diazinon and chlorpyrifos.  A 
national water quality survey conducted by the U.S. Geological Survey (USGS) 
frequently detected the insecticides diazinon, chlorpyrifos, carbaryl, and malathion in 
urban streams, and often at concentrations that exceeded water quality criteria (Gilliom 
et al., 1999).  The USGS survey found that urban surface water insecticide levels are 
similar to—and in some cases higher than—insecticide concentrations in agricultural 
surface waters (Hoffman et al., 2000).  These surprising findings have caused water 
quality managers to redesign urban management programs to address potential surface 
water impacts from urban pesticide use. 
In 2000, the U.S. Environmental Protection Agency (USEPA) announced agreements 
with manufacturers to phase out most urban uses of diazinon and chlorpyrifos.  While 
the planned phase out is likely to end most (if not all) of the previously identified toxicity, 
it brings new water quality management challenges as different insecticides enter the 
urban pesticide marketplace.   
The purpose of this report is to assess the possibility that pesticides entering the 
marketplace to replace diazinon and chlorpyrifos may cause adverse impacts to aquatic 
ecosystems receiving urban runoff.  This analysis is intended to help the California State 
and Regional Water Quality Control Boards, local storm water quality management 
programs, and other interested parties focus on potential future sources of pesticide-
related urban surface water toxicity.  Using the information in this report, water quality 
managers can determine prudent management actions while setting priorities for future 
investigations.   



1.2 Scope of This Report 
Ideally, the water quality impacts of the use of a chemical can be evaluated with 
environmental measurements of the chemical concentration and the observance of 
adverse effects (e.g., aquatic toxicity) from the substance in a real-world situation.  This 
ideal approach has a major down side—waiting until such measurements can be made 
for pesticides now entering the marketplace eliminates opportunities to prevent adverse 
impacts.  Since a primary goal of this project is to provide information for water quality 
managers to use to prevent potential impacts, the report relies on existing, available 
information from the scientific literature to form the basis of the evaluation of potential for 
future environmental harm. 
Because the insecticides in this study are just now gaining significant market share, 
information about their real-world impacts is extremely limited.  This analysis relies on 
the weight of the evidence in existing environmental information to assess the potential 
for each of the pesticides evaluated to cause adverse impacts on aquatic ecosystems. 
This study specifically focuses on urban insecticide use.  For purposes of the study, 
“urban” was broadly defined to include facilities and activities commonly found in 
California urban areas, like residences, commercial buildings, institutions, parks, golf 
courses, nurseries, greenhouses, and rights-of-way.  Agricultural activities are not 
addressed in this report.   
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1.3 Report Organization 
This report contains the following major elements: 



• Identification of the “New” Urban Insecticides.  Section 2 presents the results of 
the first phase of the project, which was to identify those pesticides most likely to 
gain significant market share in the coming years.  The remainder of the analysis 
focuses on the eleven selected pesticides, called the “study list pesticides.”   



• Compilation of Data Relevant to the Analysis.  Sections 3 through 11 summarize 
relevant information about the pesticides, such as chemical and physical 
properties, environmental fate data, commercial product characteristics, sales, 
use, regulatory status, chemical analysis methods, and aquatic toxicity.   



• Development of Significance Thresholds.  In Section 12, water quality criteria 
(where available) and toxicity data (where no water quality criterion exists) are 
compiled to develop a set of “environmentally relevant concentrations” for each 
study list pesticide for both fresh and salt water.  For purposes of this report, 
exceeding the “environmentally relevant concentration” indicates that adverse 
effects on aquatic ecosystems are likely. 



• Analysis of Potential Impacts.  Section 13 presents the assessment of the 
possibility that pesticides entering the marketplace to replace diazinon and 
chlorpyrifos may cause adverse impacts to aquatic ecosystems receiving urban 
runoff.  The assessment uses all available environmental monitoring data, 
together with a qualitative review of use, transport and fate of each pesticide in 
the urban environment.  Conclusions are based on the weight of the available 
evidence. 



Section 14 contains conclusions and recommendations for future actions to prevent and 
manage surface water impacts from urban pesticide use. 











Insecticide Market Trends And Potential Water Quality Implications    DRAFTDRAFTDRAFTDRAFT 



DRAFTDRAFTDRAFTDRAFT 4  



2.0 SELECTION OF PESTICIDES FOR DETAILED REVIEW 
The goal of the first phase of the project was to identify up to ten pesticides that are 
replacing diazinon and chlorpyrifos in the urban marketplace and that are likely to gain 
significant market share.  On the basis of a review of pesticide usage trend indicators, it 
was clear that many more than 10 insecticides are gaining meaningful market share.  
Because budget limitations preclude detailed review of more than about 10 pesticides, 
the first phase was expanded to include limited review of available surface water quality 
data, aquatic toxicity data, product formulations, and U.S. Environmental Protection 
Agency (USEPA) registration documents in order to ensure that those pesticides with 
greatest potential to be of concern for water quality were included in the detailed review. 



2.1 Insecticide Candidate List 
The initial list of insecticides for review (the “candidate list”) was created from USEPA 
lists of alternatives to diazinon and chlorpyrifos (USEPA, 2000).  All listed chemical 
products for non-agricultural uses were included, except one veterinary product that is 
not registered as a pesticide.  During the review process, several pesticides identified in 
pesticide product surveys or found on lists of pesticides related to candidate list 
pesticides were added to the candidate list. 
The identified insecticides fall into the following classes: 



• Pyrethroids—a family of synthetic insecticides that are chemically similar to the 
natural insecticide pyrethrins, which come from chrysanthemums. 



• Carbamates—a group of synthetic insecticides that are esters of carbamic acids.  



• Other organophosphorous pesticides—other synthetic insecticides in the same 
chemical class as diazinon and chlorpyrifos. 



• Other types of pesticides—botanicals, synthetic insecticides in new chemical 
classes (like chloronicotinyl pesticides), and other miscellaneous insecticides. 



• Synergists—substances that enhance the toxicity of the pesticide active 
ingredient in a product. 



2.2 Usage Trend Indicators 
Usage trend indicators were explored for insecticides that control the same target pests 
on the formerly common urban sites of use for diazinon and chlorpyrifos.  The usage 
investigation relied primarily on two types of data sources: 



• California Department of Pesticide Regulation (DPR) pesticide usage data—
information reported to the State of California by professional pesticide 
applicators, whose urban use of insecticides is primarily for structural pest control 
and landscaping. 



• Pesticide product surveys—information from retail shelf surveys, manufacturer 
product promotion materials and Internet sites, and interviews with those 
knowledgeable about pesticide sales and use patterns. 



The information obtained from these sources is described below.   
Professional Applicator Pesticide Use 
California requires professional pesticide applicators to report pesticide use to the 
County Agricultural Commissioners.  Each calendar year, DPR compiles pesticide use 
reports.  The most recent data available at the time of this analysis was for calendar year 
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2000, which is prior to the initiation of regulatory changes for diazinon and chlorpyrifos.  
To address the problem that available pesticide use reports are unlikely to reflect 
changes in insecticide use due to diazinon and chlorpyrifos regulatory changes, several 
interviews were conducted with people working in the field who are familiar with trends in 
insecticide use. 
The major urban reported uses of insecticides fall into two categories in DPR’s 
compilation of pesticide use reports:  structural pest control and landscape 
maintenance.1  Since previous investigation of the water quality impacts of diazinon and 
chlorpyrifos found that outdoor structural pest control applications were most likely to 
release the applied pesticide to surface waters (TDC Environmental, 2001), insecticide 
use for structural pest control insecticide use was explored in more detail than 
insecticide use on landscaping.   
Structural Pest Control.  Table 2-1 (on the next page) lists pesticides with more than 
10,000 pounds of active ingredient reported applied for structural pest control in 1996, 
1997, 1998, 1999, and 2000 (DPR, 1999, 2000, and 2001).  These data do not show 
clear trends for most pesticides.  Even diazinon and chlorpyrifos usage do not show 
downward trends within this time period.  Of the listed pesticides that are likely 
alternatives to diazinon and chlorpyrifos, only cypermethrin shows a meaningful trend 
toward increased use.  In 2000, two alternatives to diazinon in chlorpyrifos had more 
than 100,000 pounds of reported use:  cypermethrin and permethrin. 
Participants in the Pest Control Operator IPM Evaluation Alliance Team have noted 
common use of cyfluthrin, deltamethrin, hydramethylnon, permethrin, and various 
containerized baits for structural pest control.  Informally, it was noted that diazinon 
(which can be used until 2004) continues to be used by structural pest control 
companies (Brandenburg, 2002).  An informal survey of San Mateo County termite 
control companies found use of fipronil, imidacloprid, and permethrin for control of 
subterranean termites, which were a common target pest for chlorpyrifos (Moran, April 
2002).   
Landscape Maintenance.  Table 2-2 (on page X) lists the reported use for landscape 
maintenance of diazinon, chlorpyrifos, and alternatives on the candidate list in 2000 
(DPR, 2001).  Diazinon and chlorpyrifos use far exceed reported use of any alternative.  
Of the alternatives on the candidate list, only three non-traditional pesticides are in the 
top 10:  bifenthrin, imidacloprid, and permethrin.   
Since trend analysis was not particularly informative for structural pest control 
insecticides, only a limited trend analysis of insecticides reported applied for landscape 
maintenance was conducted.  Table 2-3 (on page X) shows the reported use from 1996 
through 2000 of diazinon, chlorpyrifos, and the alternatives on the candidate list for 
which more than 1,000 pounds were reported used in 2000 (DPR, 1999, 2000, and 
2001).  Again, no clear trend in use of most of these pesticides exists—even for diazinon 
and chlorpyrifos.  Only bifenthrin and boric acid show steady trends of increased use.  
Given the variability in the data, it is not clear if the significant jump in imidacloprid use in 
2000 is meaningful. 
 



                                                 
1 For urban pesticide use, DPR categorizes reported uses in a relatively granular manner that provides the 
ability to obtain a general understanding of the use location for a pesticide.  Public reports do not currently 
match the more detailed sites of use list used by DPR’s registration group. 
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Table 2-1.  Reported Use of Structural Pest Control Pesticides 
(Pesticides with California Reported Use Greater than 10,000 Pounds) 



Reported Use (Pounds of Active Ingredient) 
Pesticide 2000 1999 1998 1997 1996 
Chlorpyrifos 428,918 526,298 462,288 506,945 521,480 
Diazinon 519,136 345,528 291,878 308,775 286,854 
Bifenthrin 10,728  --   --   --   --  
Boric Acid 87,472 84,439 237,071 313,069 143,162 
Carbon Dioxide  --   --   --  18,235  --  
Copper Sulfate Pentahyd.  --   --  28,022  --   --  
Cyfluthrin 14,438  20,505 33,072 31,910 
Cypermethrin 126,098 114,130 120,514 88,497 73,708 
Deltamethrin 10,607  --   --   --   --  
Disodium Octaborate  
Tetrahydrate 302,046 385,804 402,056 232,198 180,920 
Dodecylbenzene  
Sulfonic Acid 11,379  --   --   --   --  
Fenvalerate  --   --   --  27,155 33,929 
Formaldehyde 49,336 72,469 244,642 322,435 134,470 
Glyphosate,  
Isopropylamine Salt  --  10,887 30,227  --   --  
Imidachloprid 27,473 32,424  --   --   --  
Isoparaffinic Hydrocarbons  --   --   --   --  61,556 
Lambda Cyhalothrin 10,925 10,543  --   --   --  
Limonene 31,034 18,690 17,005  --   --  
Malathion 17,607 36,239 22,945 29,999 36,312 
Methyl Bromide 275,793 314,749 306,618 504,221 596,830 
Nitrogen, Liquified 391,469 392,121 1,003,749 422,101 423,124 
Octyl Phenyl  
Polyethoxyethanol 14,187  --   --   --   --  
Permethrin 240,988 158,232 191,700 153,804 168,296 
Petroleum Distillates 23,053 12,002 39,626 43,830 60,609 
Petroleum Distillates,  
Aromatic  --  89,497 26,742  --   --  
Piperonyl Butoxide  --   --   --  10,305 10,632 
Potassium  
Dimethyldithiocarbamate  --   --  24,795  --   --  
Propetamphos  --   --   --  17,280 23,089 
Silica Aerogel 10,796  --   --  10,416 16,082 
Sodium Chloride  --  11,095 23,706 14,469  --  
Sulfur Dioxide 11,290 16,031  --  27,474 13,611 
Sulfuryl Fluoride 2,406,133 2,566,707 2,170,746 1,935,677 1,799,946 
Xylene Range Aromatic 
Solvent  --   --   --  16,329  --  



"--" indicates less than 10,000 pounds reported used. 
Source:  DPR Annual Pesticide Use Reports (DPR, 1999, 2000, and 2001). 
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Table 2-2.  Reported Use of Insecticides for Landscape Maintenance, 2000 
 
Insecticide 



Reported Use 
(Pounds of Active Ingredient) 



Chlorpyrifos 13,566 
Diazinon 24,665 
Carbaryl 10,096 
Acephate 8,425 
Imidacloprid 7,999 
Naled 7,049 
Permethrin 4,329 
Boric Acid 4,061 
Malathion 3,566 
Trichlorfon 2,879 
Bifenthrin 1,258 
Piperonyl Butoxide 885 
Cyfluthrin and Beta-Cyfluthrin 832 
Cypermethrin and (S)-Cypermethrin 769 
Clarified Hydrophobic Extract Of Neem Oil 322 
Propoxur 313 
Tau-Fluvalinate 249 
Deltamethrin 197 
Tetrachlorvinphos 163 
Lambda Cyhalothrin 118 
Spinosad 109 
Pyrethrins 82 
Diflubenzuron 55 
n-octyl bicycloheptene dicarboximide 44 
Hydramethylnon 33 
Fenoxycarb 24 
Propetamphos 9 
Avermectin 7 
Methoprene and S-Methoprene 5 
Pyriproxyfen 5 
Phosmet 3 
Allethrin (family) 2 
Esfenvalerate 2 
Fipronil 2 
Hydroprene 2 
Phenothrin 2 
Resmethrin 1 
Tralomethrin 1 
Tetramethrin 0.4 
Fenvalerate 0.1 
Hexaflumuron 0.1 
Sulfluramid 0.1 
Aldicarb, Fenthion, Halofenozide, and 
Temephos  



No reported use 



Note:  Table only includes insecticides on candidate list. 
Source:  DPR Annual Pesticide Use Reports (DPR 1999, 2000, and 2001). 
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Table 2-3.  Reported Use of Insecticides for Landscape Maintenance, 1996-2000  
(Pesticides with California Reported Use Greater than 1,000 Pounds in 2000)  



Amount Reported Used (Pounds of Active Ingredient)  
Insecticide 2000 1999 1998 1997 1996 
Chlorpyrifos 13,566 158,187 18,725 21,560 22,926 
Diazinon 24,665 20,566 30,155 29,770 28,810 
Carbaryl 10,096 8,896 11,120 13,694 15,558 
Acephate 8,425 5,351 4,577 5,737 5,708 
Imidacloprid 7,999 2,252 3,013 3,201 5,696 
Naled 7,049 6,425 2,401 6,137 3,999 
Permethrin 4,329 2,229 1,937 1,372 3,899 
Boric Acid 4,061 251 123 153 402 
Malathion 3,566 3,310 4,777 4,078 5,122 
Trichlorfon 2,879 1,640 1,576 3,016 2,626 
Bifenthrin 1,258 222 90 0.5 1 



Source:  DPR Annual Pesticide Use Reports (DPR 1999, 2000, and 2001). 
 
The Pesticide Distributor Project2 involves interaction with San Francisco Bay Area 
pesticide distributors and attendance at trade shows in the region.  Common alternatives 
observed by the technical consultant to that project include bifenthrin, cyfluthrin, 
deltamethrin, and trans-allethrin (in aerosols).  The granular form of deltamethrin is 
particularly being promoted to professional landscapers (Joseph, 2002). 
Pesticide Product Surveys 
While California requires pesticide use reporting by professional applicators, no tracking 
mechanism exists for residential pesticide use.  Since unreported use comprises about 
half of urban pesticide use, it can be very important for water quality.  In addition to 
looking at current unreported urban use of insecticide substitutes for diazinon and 
chlorpyrifos, the pesticide product survey sought information that would indicate future 
market trends. 
Retail shelf surveys.  Surveys of insecticide products displayed for retail sale were 
conducted at two of the three San Francisco Bay Area retail chains that have previously 
been documented as selling the largest volumes of home-use insecticides (Cooper, 
1996; Scanlin and Cooper, 1997).  (The third major retailer only carries large volumes of 
insecticide products in the summer season, and thus could not be surveyed within the 
project schedule.)  The surveys (see Appendix A) found major shifts in insecticide 
product mix, likely the result of the phase-out of most urban diazinon and chlorpyrifos 
uses.  Pyrethroid products dominated the observed substitutes, which included a wide 
mix of chemicals. 
Retail product surveys.  On the basis of current and past retail product surveys, Ortho, 
Scotts, Bayer Advanced, Spectracide, and Real-Kill were identified as the major product 
lines for residential-use insecticides.  Internet sites for the manufacturers of these 
products were consulted to identify formulation trends for insecticide products (other 
than containerized baits and aerosols), with the following results: 



• Ortho and Scotts (Ortho is owned by Scotts)—Diazinon and chlorpyrifos products 
have been replaced by bifenthrin, esfenvalerate, and permethrin.  Some new 
products contain pyrethrum.  Carbaryl is more prominently displayed and 
available in more formulations. 



                                                 
2 Managed by the Marin County Stormwater Pollution Prevention Program. 











Insecticide Market Trends And Potential Water Quality Implications    DRAFTDRAFTDRAFTDRAFT 



DRAFTDRAFTDRAFTDRAFT 9  



• Spectracide and Real-Kill (both owned by Spectrum Brands)—Spectracide 
chlorpyrifos products have been replaced by permethrin.  (Both stores and the 
Internet site had these products highlighted by a “Looking for Dursban?” logo.)  
While Real-Kill products are not described on Spectrum Brand’s Internet site, the 
shelf survey showed that diazinon and chlorpyrifos products have been replaced 
with permethrin and, to a lesser extent, tralomethrin.  Real-Kill malathion 
products were also prominently displayed. 



• Bayer Advanced—Diazinon and chlorpyrifos products have been replaced 
primarily by cyfluthrin and imidacloprid.  Similar products include one with beta-
cyfluthrin and one with trichlorfon.  



The following insecticides on the candidate list were not identified in these retail product 
surveys:  aldicarb, avermectin, diflubenzuron, fenoxycarb, fenthion, fenvalerate, 
halofenozide, hexaflumuron, lambda cyhalothrin,3 naled, phosmet, propetamphos, 
propoxur, pyriproxyfen, spinosad, sulfuramid, taufluvalinate, temephos, 
tetrachlorvinphos, and trichlorfon. 
Other Resources 
Three other data sources were explored, but did not provide data that was particularly 
helpful in distinguishing potential future market leaders among the alternatives to 
diazinon and chlorpyrifos: 



• DPR weekly registration notices—DPR issues two weekly notices:  the “Materials 
Entering Evaluation Process” and the “Notice of Proposed and Final Decisions.”  
These notices list pesticides entering the registration process and pesticides 
actually registered.  No trend toward any specific insecticides was apparent from 
review of notices from 2001 and early 2002.  New and modified registrations for 
pyrethroids and new types of broad-spectrum insecticides were common.   



• Pesticide Sales in California—DPR compiles statewide pesticide sales data 
based on proceeds of DPR’s funding source, the “mill tax.”  Public data are only 
available for pesticides for which more than 3 companies have registered 
products.  While statewide sales figures for the years 1997 through 2000 were 
examined (DPR, 1998, 1999, 2000, and 2001), they did not prove informative 
primarily because sales for agricultural uses dominate sales of many 
insecticides, making analysis difficult.  (An analysis of the unreported sales of 
selected pesticides will be included in the next phase of the project.)   



• Residential Pesticide Sales and Use Surveys—Previous California residential 
pesticide sales and use surveys all predate the diazinon and chlorpyrifos 
regulatory changes (initiated in 2001), and thus do not indicate the market shifts 
currently underway (Cooper, 1996; Scanlin and Cooper 1997; URS, 2000; Wilen, 
2001).  The most recent of these surveys (Wilen, 2001) estimated calendar year 
2000 retail sales of several insecticides in the San Diego Creek (Orange County) 
watershed.  Because it estimated that sales of clarified hydrophobic extract of 
Neem oil (an insecticide for some of the same target pests as diazinon and 
chlorpyrifos) were higher than sales of any other insecticide active ingredient in 
the study watershed, it was added to the candidate list. 



                                                 
3 Since these surveys were conducted, lambda cyhalothrin products have entered the retail marketplace.  
For example, it is marketed as “Triazicide” under the Spectracide brand name. 
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Modifications to Candidate List Based on Usage Trend Indicators 
On the basis of the review of current insecticide products and sales trends, several 
insecticides and two synergists were added to the candidate list:  acephate, aldicarb, 
allethrin and related pesticides (d-allethrin, d-trans allethrin, S-bioallethrin, prallethrin, 
and esbiothrin), clarified hydrophobic extract of Neem oil, lambda cyhalothrin, 
tetramethrin, tralomethrin, n-octyl bicycloheptene dicarboximide, and piperonyl butoxide 
(PBO). 



2.3 Indicators Of Environmental Importance 
To avoid omitting a particularly environmentally important insecticide from detailed 
review, three indicators of environmental importance were explored for insecticides on 
the candidate list:  screening surface water quality data, basic toxicity information, and 
USEPA classification of pesticides as “botanicals” or “reduced risk” pesticides.  The 
limited data described below were used for screening the candidate list of insecticides; a 
more thorough review will be conducted for selected pesticides in the next phase of the 
project. 
Surface Water Quality Data.  Data on surface water detections from the U.S. Geological 
Survey National Water Quality Assessment (USGS NAWQA) and DPR was reviewed.  
The USGS NAWQA studies, which are currently in progress, provide the most complete 
available urban surface water data set.  The following NAWQA results are particularly 
relevant to this investigation: 



• The insecticides diazinon, chlorpyrifos, carbaryl, and malathion were the ones 
most commonly detected in urban streams (Gilliom et al., 1999).   



• Malathion was found in more than 20% of urban surface water samples; more 
than 50% of sampled urban streams had at least one sample exceeding a North 
American aquatic life criterion (Gilliom et al., 1999; Hoffman et al., 2000).   



• Carbaryl was found in about 40% of urban stream samples and exceeded a 
North American aquatic life criterion in 10% of samples from 8 urban streams 
(Gilliom et al., 1999; Hoffman et al., 2000).   



• Early NAWQA investigations did not detect cis-permethrin (Hoffman et al., 2000); 
however, recent data only available on the Internet shows it was detected in four 
urban watersheds at concentrations up to 0.011 µg/l (USGS, 2002). 



• Aldicarb was not detected (Hoffman et al., 2000) 



• Propoxur was found in surface water (Hoffman et al., 2000).   



• Piperonyl butoxide (PBO) is frequently found in surface water samples 
(Pedersen, 2001). 



Although an attempt to utilize the DPR Surface Water Quality Database did not provide 
useful results,4 search of the DPR internet site identified a presentation summarizing 
results of a recent DPR-funded surface water study that found diazinon and chlorpyrifos 
alternatives in surface water (Kim et al., 2001).  That study, which explored pesticides 
used for red imported fire ant control in Southern California, had the following results 
relevant to this investigation: 



                                                 
4 Urban runoff and stream studies and data from San Francisco Bay area counties do not appear to be 
included in the online database.  The online interface precludes searches for detections of specific 
pesticides. 
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• Use of bifenthrin and malathion at nurseries was linked to surface water runoff 
toxicity measured in the study. 



• Malathion in runoff from urban and integrated sites was linked to surface water 
runoff toxicity measured in the study. 



• Fenoxycarb was detected in nursery runoff, but detection itself was not definitely 
linked to toxicity in surface water runoff. 



• Hydramethylnon and pyriproxyfen were detected once each in runoff; neither 
detection was linked to toxicity in surface water runoff. 



Toxicity Data.  The Pesticide Action Network Pesticide Database (PAN Database)5 
contains a compilation of data on pesticide properties and toxicity.  This database has a 
very convenient interface that provides a way to quickly identify and review available 
aquatic toxicity data for pesticides.  It did not, however, contain any aquatic toxicity data 
for avermectin, clarified hydrophobic extract of Neem oil, fipronil, halofenozide, 
hydroprene, or spinosad.  While the National Library of Medicine’s Toxnet Hazardous 
Substances Data Bank (HSDB)6 was also explored, it contained toxicity data for fewer 
pesticides than the PAN database and the data format makes focus on aquatic species 
very inconvenient for a screening review.  In general, the aquatic toxicity data confirmed 
that most of the insecticides on the candidate list are very toxic to one or more aquatic 
species.  Even some insecticides labeled “reduced risk” by USEPA (e.g., diflubenzuron, 
hexaflumuron, pyriproxyfen) can be quite toxic to certain aquatic species.  For boric acid, 
the data confirmed the general view that it is a “least toxic” insecticide.  
Pesticide classification.  Certain classes of pesticides are less likely to be 
environmentally harmful than ordinary broad-spectrum insecticides.  Two possible 
indicators of lower toxicity were checked: 



• USEPA “Reduced Risk” Classification—For registration purposes, USEPA has 
classified certain pesticides as “reduced risk” due to their potential to be less 
toxic replacements for common pesticides.  While this classification focuses on 
human health, it may be an indicator of relative environmental importance of a 
pesticide.  The reduced-risk pesticides on the candidate list are:  fipronil, 
hexaflumuron, pyriproxyfen, spinosad, and tebufenozide. 



• Botanicals—Pesticides derived from plants or bacteria are often—but not 
always—less environmentally problematic than synthetic pesticides.  The 
botanicals on the candidate list are:  avermectin, clarified hydrophobic extract of 
Neem oil, hydroprene, pyrethrins, and spinosad. 



2.4 Other Factors 
Assembled usage trend data showed that diazinon and chlorpyrifos are being replaced 
with a mix of products, rather than just one or two substitutes.  To create a list of 
products that would be feasible to review in detail within the project budget, additional 
information needed to be considered that would differentiate among the insecticides on 
the candidate list.  An evaluation of the potential for each of the insecticides to be 
released to surface water proved quite useful in differentiating the insecticides, as did 
considering information developed by USEPA in its pesticide registration and re-
evaluation processes. 



                                                 
5 http://www.pesticideinfo.org 
6 http://toxnet.nlm.nih.gov/ 
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Potential for release to surface water.  Insecticide applications on certain sites of use 
and using certain formulations are more likely than others to release the insecticide to 
surface water (TDC Environmental, 2001).  Using pesticide product information from 
DPR’s Product/Label database, it was possible to determine that products containing 
several of the insecticides on the candidate list are primarily in two types of formulations 
that are unlikely to release meaningful quantities of the insecticide to surface water: 



• Baits—product design prevents most environmental release of the active 
ingredient.  Hydramethylnon and methoprene are primarily formulated into baits. 



• Aerosols—low active ingredient concentrations combined with typical application 
behaviors result in relatively small quantities of insecticide release.  The synergist 
n-octyl bicycloheptene dicarboximide, and the insecticides allethrin (and family), 
resmethrin, tetramethrin, and tralomethrin are primarily formulated into aerosol 
products. 



Information from USEPA pesticide re-evaluation process.  USEPA must review and 
approve any pesticide before it can be offered for sale in the U.S.  This process is called 
“registration.”  Many of the currently popular pesticides were first approved for sale 
decades ago, when scientific understanding of human health and environmental effects 
of pesticides was far less complete than it is today.  In response to concerns about the 
inadequate environmental review of older pesticides, Congress has put in place two 
regulatory review requirements for pesticides: 



• Reregistration—under 1988 amendments to the nation’s primary pesticide law, 
the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), all pesticides 
initially registered prior to November 1, 1984 must be re-reviewed and 
reregistered. 



• Food Quality Protection Act (FQPA) Review—the 1996 FQPA requires USEPA to 
review all pesticides with a focus on protecting human health.  Reviews, which 
must be completed by 2011, must consider cumulative human exposures and 
common modes of action among multiple pesticides.  FQPA also requires 
USEPA to continue to review and reregister all pesticides every 15 years. 



The USEPA FIFRA registration and reregistration and the FQPA review processes 
generate technical documents that contain useful information about the potential for 
environmentally meaningful releases of a pesticide to surface waters.  These documents 
may include preliminary and revised environmental risk assessments, cumulative risk 
assessments (for pesticides that are part of a group with a common mode of action) and 
Registration Eligibility Documents (REDs).  For pesticides that are part of a group with a 
common mode of action, an “Interim RED” (IRED) is generated until the results of the 
cumulative risk assessment are available to be incorporated into a final RED. 
Since passage of FQPA, USEPA has worked to combine FIFRA-required pesticide 
reregistrations with FQPA reviews, focusing first on the pesticides with the highest 
potential risks to human health.  To facilitate compliance with the requirement to 
consider cumulative effects of pesticides with common modes of action, USEPA is 
reviewing pesticides in groups.  Currently, the focus of the review is organophosphorous 
pesticides.  In the next year or so, the focus will shift to carbamate pesticides.  Future 
reviews will include pyrethroid pesticides.  Table 2-4 provides the status of insecticides 
on the candidate list in USEPA’s reregistration and FQPA review processes as of 
April 2002 (see Table 10-2 for more recent information for study list pesticides).   
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Table 2-4.  USEPA Registration Status for Diazinon and Chlorpyrifos Alternatives 
(as of April, 2002) 



Pesticide USEPA Registration Status 
Pyrethrins and Pyrethroids Pyrethroids that are candidates for reregistration are likely 



to be evaluated cumulatively as well as individually.  
USEPA has not announced a timeline for pyrethroid 
reregistrations. 



Allethrin and family (D-
Allethrin, D-Trans Allethrin, 
S-Bioallethrin, Prallethrin, 
and Esbiothrin) 



Allethrin family will be reviewed for reregistration (except 
prallethrin, which is not subject to reregistration*) 



Bifenthrin Not subject to reregistration* 
Cyfluthrin and Beta-
Cyfluthrin  



Not subject to reregistration* 



Lambda Cyhalothrin Not subject to reregistration* 
Cypermethrin and (S)-
Cypermethrin 



Will be reviewed for reregistration 



Deltamethrin Not subject to reregistration* 
Esfenvalerate Not subject to reregistration* 
Fenvalerate Will be reviewed for reregistration 
Permethrin Will be reviewed for reregistration 
Phenothrin Will be reviewed for reregistration 
Pyrethrins Will be reviewed for reregistration 
Resmethrin Will be reviewed for reregistration 
Tau-Fluvalinate Will be reviewed for reregistration 
Tetramethrin Will be reviewed for reregistration 
Tralomethrin Not subject to reregistration* 
Carbamates A cumulative risk assessment for carbamate pesticides is 



planned; it must be completed before the final REDs for the 
carbamates below can be completed. 



Aldicarb Preliminary risk assessment not yet prepared; Candidate 
for 2002 IRED 



Carbaryl Preliminary risk assessment in preparation; IRED must be 
completed by June 30, 2003 in accordance with NRDC 
lawsuit settlement 



Fenoxycarb Preliminary risk assessment not yet prepared 
Propoxur RED completed in 1997. 
Organophosphorous 
Pesticides 



A cumulative risk assessment for organophosphorous 
pesticides is in progress; it must be completed before the 
final REDs for the organophosphorous pesticides below 
can be completed. 



Acephate IRED completed 2001 
Fenthion IRED completed 2000 
Malathion Revised risk assessment completed 2000; IRED in 



preparation 
Naled Revised risk assessment completed 1999; IRED in 



preparation 
Phosmet IRED completed 2001 
Propetamphos IRED completed 2000 
Temephos IRED completed, apparently in 2000 (undated) 
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Table 2-4.  USEPA Registration Status for Diazinon and Chlorpyrifos Alternatives 
(As of April, 2002, Continued) 



Pesticide USEPA Registration Status 
Tetrachlorvinphos RED completed 1995; revised risk assessment completed 



2000; IRED in preparation 
Trichlorfon RED completed 1995; reregistration revised risk 



assessment 2000; IRED in preparation 
Other pesticides  
Avermectin Not subject to reregistration* 
Boric Acid RED completed 1993 
Clarified Hydrophobic 
Extract Of Neem Oil 



Not subject to reregistration* 



Diflubenzuron RED completed 1997 
Fipronil Not subject to reregistration* 
Halofenozide Not subject to reregistration* 
Hexaflumuron Not subject to reregistration* 
Hydramethylnon RED completed 1998 
Hydroprene Not subject to reregistration* 
Imidacloprid Not subject to reregistration* 
Methoprene and  
S-Methoprene 



Methoprene RED completed 1991; S-Methoprene not 
subject to reregistration* 



Pyriproxyfen Not subject to reregistration* 
Spinosad Not subject to reregistration* 
Sulfluramid Not subject to reregistration* 



*Pesticides originally registered after November 1, 1984 are not subject to reregistration 
Source:  USEPA registration status information (USEPA, April 2002); see Table 10-2 for more detailed 
recent information for study list pesticides. 
 
Reregistration documents provided a wealth of information about potential for 
environmentally important surface water releases from organophosphorous pesticides 
on the candidate list.  In addition, REDs for pesticides registered in the 1990s and 
pesticides considered in special reviews during that time period also provided some 
valuable information.  Appendix B presents a summary of the relevant findings from 
these USEPA documents.   
For several pesticides, regulatory changes from this process make it unlikely that they 
will see increased use in response to the diazinon and chlorpyrifos regulatory changes.  
Specifically, for acephate, fenthion, phosmet, propetamphos, and temephos, regulatory 
changes proposed in the REDs will greatly reduce future urban uses.  For naled and 
tetrachlorvinphos, findings of significant risks in reregistration risk assessments suggest 
that uses are likely to be curtailed in the future. 



2.5 Selection of Insecticides for Study List 
Table 2-5 summarizes the information gathered in the investigation described above for 
the 45 insecticides identified as possible substitutes for urban uses of diazinon and 
chlorpyrifos.  Columns were marked as follows: 



• Surveys predict more urban use—Insecticides found frequently in shelf surveys, 
formulated into most diazinon and chlorpyrifos replacement products by the three 
major consumer retail product manufacturers, or reportedly frequently used or 
highly promoted to professional applicators were marked with an “X.” 
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• Documented concern in surface water—If USGS NAWQA found the pesticide 
above a North American aquatic life criterion or if DPR linked the pesticide to 
toxicity in urban surface water it received an “X.”   



• Reported urban use greater than 10K, greater than 100K, or less than 100 
pounds—Three columns were used to indicate relatively large or relatively small 
reported urban use of insecticides (structural pest control, landscaping pest 
control, and other minor urban uses).  If reported urban use exceeded 10,000 
(10K) pounds, exceeded 100,000 (100K) pounds, or was less than 100 pounds, 
the pesticide was marked with an “X” in the appropriate column. 



• USEPA may reduce use—This column was marked if a USEPA RED document 
indicates plans to reduce or eliminate urban uses or if a risk assessment found 
significant risks that may be mitigated by urban use reductions. 



• Primarily in low-release formulations—Insecticides primarily formulated as baits 
and aerosols were marked. 



• Botanical or reduced risk—Insecticides classified by USEPA in either of these 
groups were marked. 



• Not found in surveys—insecticides not found in the pesticide product surveys 
were marked. 



Columns on the left side of the table list factors that make an insecticide a priority for 
more detailed review.  Columns on the right side (shaded) list factors that make an 
insecticide a lower priority for detailed review at this time.  Based on the frequency of 
markings in the left and right columns and information in the “Notes” column, the 
insecticides were divided into four groups: 



• Pesticides and synergist to be reviewed in detail—These substances will be the 
focus of the remainder of this project.  PBO was included in this group because 
of its frequent appearance in surface water, where it can increase environmental 
toxicity of pyrethroids other than ones in the product that resulted in the release 
of the PBO. 



• Recommended priorities for future detailed review—These insecticides were 
separated from the remaining ones because currently available information 
suggests that they may contribute to urban surface water toxicity in the future.  
For hydramethylnon, its formulation into uncontainerized bait granules for 
application around structures is of concern—a concern that is exacerbated by 
DPR’s finding it in nursery runoff (Kim et al., 2001).  For n-octyl bicycloheptene 
dicarboximide, the primary concern is that it (like PBO) has the ability to increase 
pyrethroid toxicity.  For naled and tetrachlorvinphos, the outcome of USEPA 
reregistration processes are uncertain—USEPA may not select risk management 
measures that eliminate aquatic toxicity identified in risk assessments. 



• Recommended for future screening—The urban insecticide market is still in a 
state of flux in response to diazinon and chlorpyrifos regulatory changes.  Some 
of the remaining pesticide may gain significant market share as market changes 
continue.  The market should be reviewed in several years to determine if any 
additional insecticides have developed meaningful market share. 



• Least likely to pose future problems—Three pesticides are unlikely to be of future 
concern to water quality.  For boric acid, low aquatic toxicity makes surface water 
problems unlikely.  Phasing out of all urban uses will (in the long term) eliminate 
future urban releases of fenthion and temephos to surface waters. 
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Table 2-5.  Insecticide Replacements for Diazinon and Chlorpyrifos: 
Summary of Prioritization Review Results7 
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Notes  



Pesticides and Synergists to be Reviewed in Detail 
Bifenthrin X X  X       
Cyfluthrin X   X       
Cypermethrin and 
(S)-Cypermethrin 



X  X X       



Deltamethrin X   X       
Esfenvalerate X          
Permethrin X  X X       
Pyrethrins X          
Carbaryl X X  X       
Malathion X X  X       
Imidacloprid X   X       
Piperonyl Butoxide 
(PBO)* 



   X      USGS 
found 
frequently 
in surface 
water; 
synergizes 
pyrethroid 
toxicity 



Recommended Priorities for Future Detailed Review 
Hydramethylnon X      X    
n-octyl 
bicycloheptene 
dicarboximide* 



      X   Synergizes 
pyrethroid 
toxicity 



Naled    X  X   X  
Tetrachlorvinphos      X   X  
Recommended for Future Screening 
Allethrin and family* 
(D-Allethrin, D-Trans 
Allethrin, S-
Bioallethrin, 
Prallethrin, and 
Esbiothrin) 



X      X    



Beta-Cyfluthrin      X      
Lambda Cyhalothrin*    X     X  



                                                 
7 See text for detailed documentation for each category. 
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Table 2-5.  Insecticide Replacements for Diazinon and Chlorpyrifos: 
Summary of Prioritization Review Results (Continued) 
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Notes  



Fenvalerate         X  
Tau-Fluvalinate         X  
Phenothrin     X      
Resmethrin       X    
Tetramethrin*       X    
Tralomethrin*       X    
Aldicarb*         X  
Fenoxycarb     X    X  
Propoxur         X  
Acephate*    X  X     
Phosmet      X   X  
Propetamphos      X   X  
Trichlorfon         X  
Avermectin     X   X X  
Clarified 
Hydrophobic Extract 
Of Neem Oil* 



       X   



Diflubenzuron        X X  
Fipronil X       X  Growing 



use is for 
under-
ground 
injection 



Halofenozide     X    X  
Hexaflumuron     X   X X  
Hydroprene        X   
Methoprene and  
S-Methoprene 



   X   X    



Pyriproxyfen     X   X X  
Spinosad        X X  
Sulfluramid     X    X  
Pesticides Least Likely to Pose Future Problems 
Boric Acid        X   
Fenthion     X X   X  
Temephos      X X   X  



*Not on USEPA lists of alternatives for diazinon and chlorpyrifos 
Source:  TDC Environmental analysis (see text). 
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3.0 BACKGROUND INFORMATION FOR SELECTED INSECTICIDES 



3.1 Pyrethrins and Pyrethroids8 
Pyrethrins are naturally occurring pesticidal chemicals that are the active component of 
“pyrethrum,” which is a powder made by drying and breaking up the flower heads of 
chrysanthemums.  Pyrethrins are a mixture of chemicals:  three esters of chrysanthemic 
acid (known as “pyrethrins I”), and three esters of pyrethric acid (called “pyrethrins II”).  
Generic structures for the pyrethrins are shown below.9 
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Pyrethrins II 
Pyrethroids are a family of chemical insecticides that are synthetic analogs of the 
pyrethrins.  This project includes a detailed evaluation of six pyrethroids, the structures 
for which are shown on the next two pages. 
 



                                                 
8 Background information on pyrethroids obtained from Kamrin, 1997; Olkowski et al., 1991; and Casida and 
Quistad, 1995. 
9 “R” represents methyl (cinerin I and II), ethyl (jasmolin I and II), or ethylene (pyrethrin I and II). 
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Permethrin 
In general, the synthetic pyrethroids are more chemically stable and more toxic than the 
naturally occurring pyrethrins.  Both pyrethrins and pyrethroids interfere with the function 
of the nervous system, specifically the sodium channel.  Humans and other mammals 
are generally less sensitive to pyrethrins and pyrethroids than are insects because 
mammals have the ability to break down pyrethrins and most pyrethroid molecules 
relatively quickly.10  Although pyrethrins have been sold for more than a century and 
pyrethroids have been marketed since the 1960s, their use has increased greatly in 
recent years to fill the market openings created by regulatory restrictions on other types 
of pesticides. 



3.2 Malathion11 
Like diazinon and chlorpyrifos, malathion is one of the organophosphorous pesticides 
(which are often called “organophosphates” even though all members of the class do not 
have a phosphate chemical group).  Developed from compounds first created in wartime 
nerve gas research, organophosphorous pesticides became common when more 
environmentally persistent chlorinated pesticides fell out of favor in the 1970s and 
1980s. 
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Malathion 



                                                 
10 By metabolism by oxidative and hydrolytic pathways. 
11 Background information on malathion obtained from Kamrin, 1997. 
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Organophosphorous pesticides control insects (and can affect humans) by inhibiting a 
neural enzyme called acetylcholinesterase.  Until recent regulatory changes reduced 
their use, organophosphorous pesticides were the most common insecticides used in 
the U.S.  Since the 1940s, commercial producers have sold organophosphorous 
pesticides for a wide range of urban and agricultural uses. 



3.3 Carbaryl12 
Carbaryl is probably the most well known member of a class of pesticides known as 
carbamates.  The carbamates are synthetic analogs of pesticidal chemicals found in the 
extracts of the West African calabar bean.  Most carbamates (including carbaryl) are 
esters of carbamic acid. 



O
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CH3O



 
 



Carbaryl 
While some carbamates serve as herbicides and fungicides, their primary application is 
to control insects.  Like organophosphorous pesticides, carbamates control insects (and 
can affect humans) by inhibiting the neural enzyme acetylcholinesterase.  Since the 
1950s, carbamates have been sold commercially in the U.S. for both urban and 
agricultural uses.  Carbaryl is most often recognized by consumers under its most 
common retail name, “Sevin.” 



3.4 Imidacloprid13 
Imidacloprid is the first member of a relatively new group of pesticides—the 
cloronicotinyl nitroguanidines—to be developed for commercial use.  The cloronicotinyl 
nitroguanidines are part of a larger family of insecticides, the “nicotinoids,” which are 
chemically similar to nicotine, a natural insecticide in tobacco.   
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Imidacloprid 
Imidacloprid affects insect (and to a lesser extent human) neural systems by blocking 
signals passed through the neural system.  (Specifically, acetylchloline receptors are 
blocked by competitive inhibition.)  Imidacloprid was commercially developed in the early 
1990s and first registered by the U.S. Environmental Protection Agency (USEPA) in 
1994.  Imidacloprid has been marketed commercially since the mid-1990s, first for urban 
uses and then later for both urban and agricultural insect control. 



                                                 
12 Background information on carbaryl obtained from Kamrin, 1997. 
13 Background information on imidacloprid obtained from NPTN, 1998; USEPA, 1994; and Cox, 2001. 
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3.5 Piperonyl Butoxide14 
Although it is technically registered as a pesticide, piperonyl butoxide’s primary function 
in commercial pesticides is as a synergist—a substance that enhances the pesticidal 
activity of another ingredient in the formulation.  In the late 1940s, piperonyl butoxide 
(PBO) was derived from safrole, a pesticidal component of oils from a variety of natural 
sources like black pepper and sassafras root bark.   
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Piperonyl Butoxide 
PBO functions by inhibiting the mechanism that insects and other organisms use to 
detoxify pyrethroids and certain other pesticides, enhancing or prolonging the toxic 
response.  Specifically, PBO inhibits a group of enzymes called mixed-function oxidases 
that—when operating normally—break down many insecticides, including pyrethroids.  
PBO is the most common synergist used in insecticides, appearing in more than 750 
California-registered urban and agricultural use pesticide products.  PBO appears in 
products with many different active ingredients such as pyrethrins, pyrethroids, rotenone, 
limonene, and linalool.  Piperonyl butoxide is the most common pesticide used in 
households. 



                                                 
14 Background information on piperonyl butoxide obtained from Olkowski et al., 1991; Cox, 2002; 
Zimmerman et al., 2001; and USEPA, 2000. 











Insecticide Market Trends And Potential Water Quality Implications    DRAFTDRAFTDRAFTDRAFT 



DRAFTDRAFTDRAFTDRAFT 23  



4.0 CHEMICAL PROPERTIES AND ENVIRONMENTAL FATE DATA 



4.1 Data Sources 
Most chemical property data was obtained from the U.S. Department of Agriculture 
(USDA) Agricultural Research Service’s (ARS’s) Pesticide Properties Database, 
managed by the USDA’s Alternate Crops & Systems Laboratory.  A review of other 
commonly referenced data sources (e.g., EXTOXNET, National Library of Medicine 
Hazardous Substances Data Bank, Pesticide Action Network Pesticide Database, The 
Pesticide Manual) revealed that the ARS Pesticide Properties Database is the most 
complete and current of the publicly available databases.  According to ARS, the ARS 
Pesticide Properties Database was “developed to provide water quality modelers and 
managers with a list of the pesticide properties most important for predicting the 
potentials of pesticides to move into ground and surface waters” (ARS, 2002).  The ARS 
database also has two major advantages over other sources:  references are given for 
all values, and all data have been verified by the manufacturers to confirm that they are 
the latest and most reliable values.  Where data were not available from the ARS 
Pesticide Properties Database, information was taken from other reliable sources, with 
preference given to California Department of Pesticide Regulation and USEPA peer-
reviewed publications. 
The review of commonly referenced data sources demonstrated reason to be concerned 
about the quality of chemical property and environmental fate data for pesticides.  In 
some cases various sources reported widely differing values for the same parameters.  
To the extent that references are provided, many of the commonly referenced data 
sources cite each other, lending confusion as to the original source of a particular value, 
and making it impossible to vet the quality of the methods used to make the reported 
measurement.15  A recent USGS review of chemical property data for DDT and its 
metabolite DDE identified “egregious errors in reporting data and references and poor 
data quality and/or inadequate documentation of procedures” within the pesticide 
chemical characterization literature (Pontolillo and Eganhouse, 2001).  On the basis of 
these findings, caution should be exercised in the use of the values reported in this 
section, and values from high-quality reports from the peer-reviewed literature should be 
sought for use in any detailed modeling of pesticide fate and transport. 



4.2 Chemical Properties 
Table 4-1 (on the next page) lists the molecular formula, molecular weight, common 
synonyms (generally commercial brand names), and the unique identifying number for 
each chemical assigned by the American Chemical Society’s Chemical Abstract Service.  
Table 4-2 (on page X) provides basic chemical properties for each pesticide:  solubility in 
water, vapor pressure, octanol-water partition coefficient, and organic carbon sorption 
coefficient.   



4.3 Environmental Fate Data 
In Table 4-3 (on page X), the half-lives for various environmental decomposition 
pathways are provided.   



                                                 
15 Evaluation of the values presented in this chapter would be a major effort that was beyond the scope of 
this project.  Since this analysis takes a weight-of-evidence approach, any inaccuracies in this data are 
unlikely to alter the report’s conclusions. 
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Table 4-1.  Basic Information About Study List Pesticides 



Name 



Chemical 
Abstracts Service 



Number Synonyms 
Molecular 
Formula 



Molecular 
Weight 



Bifenthrin 82657-04-3 Biphenthrin, 
Bifenthrine, 
Brigade, Capture, 
Talstar 



C23H22ClF3O2 422.9 



Carbaryl 63-25-2 Sevin C12H11NO2 201.2 
Cyfluthrin 68359-37-5 Baythroid, Tempo C22H18Cl2FNO3 434.3 
Cypermethrin 52315-07-8 Stockade, 



Cymbush, Ammo, 
Cynoff, Demon 



C22H19Cl2NO3 416.3 



Deltamethrin 52918-63-5  Decamethrin C22H19Br2NO3 505.2 
Esfenvalerate 66230-04-4 (S)-Fenvalerate C25H22ClNO3 419.9 
Imidacloprid 105827-78-9 and 



138261-41-3 
Merit, Admire, 
Advantage, Pre-
Empt, Premise,  



C9H10ClN5O2 255.7 



Malathion 121-75-5 Cythion C10H19O6PS2 330.4 
Permethrin 52645-53-1 Ambush, Nix, 



Pounce 
C21H20Cl2O3 391.3 



Piperonyl Butoxide 51-03-6 PBO C19H30O5 338.4 
Pyrethrins 121-21-1 Pyrethrins I C21H28O3 328.4* 
 121-21-9 Pyrethrins II C22H28O5 372.4* 



*Pyrethrins are a mixture of substances; the molecular weight is the average for the mixture. 
Sources:  Data from the ARS Pesticide Properties Database (ARS, 2002); synonyms compiled from those 
frequently mentioned in literature sources (see reference list). 
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Table 4-2.  Chemical Properties 



Name 
Solubility in 
Water (ppb)* Kow Koc 



Vapor Pressure 
(torr) 



Bifenthrin 100a 1,000,000 240,000  1.80 x 10-07 
Carbaryl 110,000 204 288  1.17 x 10-06a 
Chlorpyrifos 1,180 100,000 9,930  1.06 x 10-04 
Cyfluthring 20 891,251 31,000  3.30 x 10-08 
Cypermethrin 4 3,981,072 61,000  1.30 x 10-09a 
Deltamethrin 2c 269,153c 46,000 to 



1,630,000b 
 1.50 x 10-08c 



Diazinon 60,000 2,000 1,520  1.88 x 10-05 
Esfenvalerate 0.2* 10,000 5,273  1.50 x 10-09 
Imidacloprid 514,000a 3.7f 132 to 310a  1.00 x 10-07a 
Malathion 130,000 501 1,200  3.40 x 10-06 
Permethrin 6 1,258,925 39,300  2.20 x 10-08 
Piperonyl Butoxide 14,000d 56,234e 1,810d  2.60 x 10-07b 
Pyrethrins I 200b 794,328b 39,000 



(predicted)b 
 2.03 x 10-05b 



Pyrethrins II 9,000b 19,953b 5,200 
(predicted)b 



 3.98 x 10-07b 



Notes:  Solubility At 20º C to 25º C. Where data give a range of Koc, ARS calculates an average. 
*May be low; reported concentrations (e.g., in the aquatic toxicity databases) exceed this value. 
Sources:  All data from the ARS Pesticide Properties Database (ARS, 2002) unless marked as follows:  
aDPR Environmental Fate Reviews (Casjens, 2002; Fecko, 1999; Goh, 1990: Jones, 1999; Xu, 2000).  
bNLM, 2002.  cWHO et al., 1989.  dPAN, 2002.  eTomlin, 2000.  fBacey, 2000.  gARS Pesticide Properties 
Database (ARS, 2002) designated “selected values” are listed here as they are the only available peer-
reviewed data source.  A manufacturer representative has stated that the following values from DPR 
(Casjens, 2002) are more appropriate: solubility–2 ppb; Kow–458,000 - 640,000; Koc–62, 400 (Meier, 2002). 
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Table 4-3.  Environmental Fate Data—Pesticide Decomposition Half-Lives (Days) 



Name 



Aqueous 
Photolysis 
Half-Life 



Hydrolysis 
Half-Life 



Soil 
Photolysis 
Half-Life 



Soil 
Anaerobic 
Half-Life 



Soil 
Aerobic 
Half-Life 



Bifenthrin 210 Stable Stable 97 to 156a 65 to 95 
Carbaryl 45 11 41a 46 4 to 27a 
Chlorpyrifos 30h 29 Stableh 39 to 51h 30 
Cyfluthrin 12 193 2 to 16 34a 63a 
Cypermethrin 56 Stable 165 <14 to 60 6 to 60 
Deltamethrin Stableb Stableb 9b 31 to 36b 11 to 19b 
Diazinon 140 5 5 17 39 
Esfenvalerate 25 Stable Stable 77 74 
Imidacloprid 0.04a >30a 39a 27a 997i 
Malathion 94 to 143c 6 173c Not 



availablec 
<1 to 3c 



Permethrin 30 Stable 33 108 30 
Piperonyl 
Butoxide 



0.35d Stabled 1d 927g 14f 



Pyrethrins Unstabled Stabled Unstable 
(predicted)e 



14 to 60 
(predicted)e 



Unstable 
(predicted)d 



*Half-life decreases as pH increases.  Value is for pH 7. 
Sources:  All data from ARS Pesticide Properties Database (ARS, 2002) unless marked as follows:  aDPR 
Environmental Fate Reviews (Casjens, 2002; Fecko, 1999; Goh, 1990; Jones, 1999; Xu, 2000).  bUSEPA, 
Undated.  cUSEPA, 2000.  dJones, 1998.  eCasida and Quistad, 1995.  fTomlin, 2000.  g.Kollman and 
Segawa, 1995.  hUSEPA, 2000.  iBacey, 2000; a manufacturer representative has stated that this value is 
artificially high (Meier, 2002), but a literature review did not identify any peer-reviewed data source with any 
other value. 



Table 4-4 gives the commonly referenced “field dissipation half-life” for each pesticide.  
The field dissipation half-life is a measure of the overall rate of disappearance of a 
pesticide from field soil—it is not necessarily a measure of the environmental 
degradation of the pesticide.  “Dissipation” may include leaching, runoff, hydrolysis, 
photolysis, microbial degradation, and vaporization.  Field dissipation half-life data 
typically have wide ranges, as they are a function of the site, climate, and soil as well as 
the chemical characteristics of the pesticide.  While field dissipation values are 
commonly used in descriptions of the environmental fate of pesticides (and therefore 
have been tabulated for the study list pesticides), they are not particularly relevant to a 
surface water quality analysis, since they may reflect losses due to pesticide runoff to 
surface waters. 
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Table 4-4.  Field Dissipation Data 
Name Reported Field Dissipation Half-Life (Days) 
Bifenthrin 7 to 62; 122 to 345a 
Carbaryl 4 to 22; 1 to 11a 
Chlorpyrifos 4 to 139 
Cyfluthrin 4 to 90; about 13.5a 
Cypermethrin 7 to 82; 4 to 12a 
Deltamethrin 6 to 209b 
Diazinon 3 to 13 
Esfenvalerate 22 to 75 
Imidacloprid 27 to 229a 
Malathion 0.2 to 25 
Permethrin 6 to 106 
Piperonyl Butoxide about 4c 
Pyrethrins about 12 



Note:  Where data from two reliable sources differed significantly, both values were included. 
Sources:  All data from the ARS Pesticide Properties Database (ARS, 2002) unless marked as 
follows:  aDPR Environmental Fate Reviews (Bacey, 2000; Casjens, 2002; Fecko, 1999; Jones, 
1999; Xu, 2000). bUSEPA, Undated. cCox, 2002. 
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5.0 PRODUCTS CONTAINING STUDY LIST PESTICIDES 



5.1 Data Sources 
Data about pesticide products was obtained from the California Department of Pesticide 
Regulation (DPR).  The DPR Pesticide Product/Label database (DPR, 2002) provided 
pesticide product registration information.   



5.2 Pesticide Products 
Pesticides on the study list have been formulated into hundreds of commercial products.  
This section describes the active ingredient composition of these products. 
Table 5-1 provides basic facts about the pesticide products that contain each of the 
study list pesticides:  number of California-registered products, most common 
formulations, and the identity of the “basic manufacturer” (the manufacturer that takes 
the lead in preparing technical data necessary for registration of products containing the 
pesticide).   



Table 5-1.  Product Data 



Name 
Number of California 
Registered Products 



Most Common 
Formulation(s) 



Basic 
Manufacturer 



Bifenthrin 47 Granules, Ready-to-
use liquids 



FMC Corporation 



Carbaryl 94 Dust, Granules Rhone Poulenc 
Cyfluthrin 53 Aerosols. Ready-to-



use liquids 
Bayer 



Cypermethrin 36 Emulsifiable 
concentrates 



Zeneca 



Deltamethrin 48 Dust, Granules AgrEvo 
Esfenvalerate 49 Aerosols DuPont 
Imidacloprid 57 Granules, Ready-to-



use liquids 
Bayer 



Malathion 47 Emulsifiable 
concentrates 



Cheminova Agro 



Permethrin 625 Aerosols, Ready-to-
use liquids 



Zeneca 



Piperonyl Butoxide 783 Aerosols, Ready-to-
use liquids 



Endura SpA 



Pyrethrins 750 Aerosols, Ready-to-
use liquids 



Pyrethrin Task 
Force (several 
manufacturers) 



Sources:  Product registration and formulation data from DPR Pesticide Product/Label Database as of 
July 1, 2002 (DPR, 2002); basic manufacturer information from EXTOXNET Pesticide Information Profiles 
(EXTOXNET, 1994-1996) except for piperonyl butoxide (Jones, 1998). 
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California-registered pesticide products containing study list pesticides are available in a 
wide range of concentrations, as shown in Table 5-2.16  Most products formulated with 
bifenthrin, deltamethrin, esfenvalerate, permethrin, piperonyl butoxide, and pyrethrins 
contain less than 1% active ingredient.17  Products with cyfluthrin and imidacloprid have 
slightly higher concentrations, with about half having concentrations of about 2.5% or 
less.  Just over half of carbaryl products contain between 5 and 10% active ingredient.  
Cypermethrin and malathion products contain much higher active ingredient 
concentrations—half of cypermethrin products have active ingredient concentrations 
exceeding 24% and more than 80% of malathion products contain more than 20% 
malathion. 



Table 5-2.  Study List Pesticide Product Active Ingredient Concentrations 



Name Lowest Highesta 
Most Common 
Concentrations 



Bifenthrin 0.1% 25.1% <1% 
(31 of 47 products) 



Carbaryl 0.126% 99% ≥5% 
(84 of 94 products) 



Cyfluthrin 0.003% 25% <2% 
(37 of 53 products) 



Cypermethrin 0.5% 40% >24% 
(23 of 46 products) 



Deltamethrin 0.02% 98%b <1% 
(37 of 48 products) 



Esfenvalerate 0.0033% 35% <1% 
(39 of 49 products) 



Imidacloprid 0.011% 98% ≤2.5% 
(28 of 57 products) 



Malathion 2% 97% >20% 
(40 of 47 products) 



Permethrin 0.02% 99.5% <1%  
(413 of 625 products)c 



Piperonyl Butoxide 0.02% 90% <1% 
(475 of 782 products)d 



Pyrethrins 0.01% 30% <1% 
(637 of 751 products) 



aSome high concentration products are used primarily to formulate other products. 
bOnly 1 product >5%. 
cMost products <3% (503 of 625 products).   
dMost products <2% (597 of 782 products). 
Source:  DPR Pesticide Product/Label Database (DPR 2002). 
 



Some of these active ingredients are commonly formulated with other pesticides prior to 
sale in commercial products, as shown in Table 5-3.  Nearly every pyrethrins product 
and nearly every piperonyl butoxide product contains at least one other active ingredient.  
More than half of permethrin products contain another active ingredient.  In contrast, 
bifenthrin, deltamethrin, imidacloprid, and malathion are rarely formulated into products 
containing other active ingredients. 



                                                 
16 New products containing the pesticides on the study list are registered or are removed from registration 
almost weekly.  This report evaluates the pesticide products registered by the state of California as of July 1, 
2002.   
17 All percentages in this report are on a weight basis. 
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Table 5-3.  Products Formulated with Other Active Ingredients 



Name 
% of 



Products Other Active Ingredients 
Bifenthrin 0% -- 
Carbaryl 24% Metaldehyde, butoxy polypropyleneglycol, PBO, pyrethrins, 



and silica aerogel 
Cyfluthrin 30% Prallethrin, imidacloprid, PBO, n-octyl dicycloheptene 



dicarboximide, tetramethrin, pyrethrins, chlorpyrifos, and 
propoxur 



Cypermethrin 17% Tetramethrin, PBO, chlorpyrifos, butoxy 
polypropyleneglycol, pyrethrins, dipropyl 
isocinchomeronate, esbiothrin, and imiprothrin 



Deltamethrin 10% S-bioallethrin and imiprothrin 
Esfenvalerate 32% PBO, imiprothrin, d-trans allethrin, prallethrin, tetramethrin, 



pyrethrins, n-octylbicycloheptene dicarboximide 
Imidacloprid 6% Cyfluthrin 
Malathion 6% DDVP, pyrethrins, and PBO 
Permethrin 56% S-methoprene, Z-11-tetradecen-1-yl acetate, S-bioallethrin, 



d-trans allethrin, pyriproxyfen, prallethrin, d-allethrin, 
myclobutanil, hydroprene, linalool, (R,Z)-5-(1-decenyl) 
dihydro-2-(3h)-furanone, phenothrin, E,E-8,10-dodecadien-
1-ol, tetramethrin, petroleum distillates, dipropyl 
isocinchomeronate, pyrethrins, PBO, ortho-phenylphenol, 
n-octyl bicycloheptene dicarboximide, chlorpyrifos, butoxy 
polypropyleneglycol 



Piperonyl 
Butoxide 



98% S-methoprene, esbiothrin, S-bioallethrin, d-trans allethrin, 
pyriproxyfen, (S)-cypermethrin, esfenvalerate, lambda 
cyahlothrin, d-allethrin, fenoxycarb, linalool, cyfluthrin, 
cypermethrin, resmethrin, (R,Z)-5-(1-decenyl) dihydro-2-
(3h)-furanone, phenothrin, permethrin, fenvalerate, 
tetramethrin, limonene, petroleum distillates, dipropyl 
isocinchomeronate, silica aerogel, rotenone, pyrethrins, 
propylene glycol, ortho-phenylphenol, n-octyl 
bicycloheptene dicarboximide, malathion, chlorpyrifos, 
diazinon, diatomaceous earth, DDVP, butoxy 
polypropylene glycol, carbaryl, fenthion, propoxur, allethrin 



Pyrethrins 98% Canola oil, S-methoprene, d-trans allethrin, pyroproxyfen, 
esfenvalerate, fenoxycarb, linalool, cyfluthrin, 
cypermethrin, resmethrin, phenothrin, permethrin, 
fenvalerate, tetramethrin, potash soap, petroleum 
distillates, dipropyl isocinchomeronate, silica aerogel, 
rotenone, PBO, ortho-phenylphenol, n-octyl bicycloheptene 
dicarboximide, malathion, chlorpyrifos, diazinon, 
diatomaceous earth, DDVP, butoxy polypropylene glycol, 
carbaryl, propoxur 



Source:  DPR Pesticide Product/Label Database, 2002. 
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6.0 FORMULATIONS 



6.1 Background 
Few pesticides contain only the pesticide active ingredient.  Instead, manufacturers 
formulate pesticide products by mixing the active ingredient with other chemicals to 
dilute the pesticide to an appropriate application concentration and to improve properties 
like storage life, ease of handling, ease of application, effectiveness, or safety.  The 
added ingredients are called “inert” ingredients to differentiate them from the active 
ingredient.  (The term “inert” does not imply “slow to move” or “without active 
properties.”)  Because of the inert ingredients, each pesticide product formulation has 
unique physical and chemical characteristics that may affect its potential for release to 
surface waters (Wauchope, 1980; Willis, 1980; Cohen, 1986).  Some pesticide inert 
ingredients are themselves environmental pollutants. 
Because the formulation may change the active ingredient’s performance and use, the 
U.S. Environmental Protection Agency (USEPA) and the California Department of 
Pesticide Regulation (DPR) obtain lists of all pesticide ingredients from manufacturers 
and both agencies are required to register each formulated pesticide individually.  In 
practice, USEPA and DPR generally only conduct formulation-specific evaluations of 
pesticides in regard to worker safety—and such analyses look at formulation types (e.g., 
wettable powder, concentrates), rather than individual pesticide products.  Because 
evaluating each individual formulation for the more than 10,000 registered pesticide 
products would be impractical, USEPA and DPR rely on separate evaluations of 
pesticide active ingredients to consider surface water impacts. 



6.2 Purposes Of Inert Ingredients In Pesticide Products 
Inert ingredients appear in pesticide products for one of three reasons: 



1. The ingredient has a specific function in the product—for example, to dilute it, 
preserve it, or increase its effectiveness.. 



2. The ingredient is an impurity in the active ingredient or a functional ingredient—
like crystalline silica in a talc carrier for a dust product. 



3. The ingredient is a component of a commercially available form of one of the 
functional ingredients in the formulation—such as a solvent or a preservative for 
an anti-foaming agent. 



Common functions for inert ingredients in pesticides include:  



• Dissolving the active ingredient into a stable liquid form.   
o Solvents are often petroleum-based solvents; however, water can also 



serve as a solvent for some pesticides. 
o Emulsifiers allow petroleum-based pesticides to mix with water. 
o Invert emulsifiers allow water-based pesticides to mix with a petroleum 



carrier. 
o Compatibility agents aid in combining two or more pesticides. 



• Diluting the active ingredient to a desirable concentration for shipment or 
application. 



• Carrying the active ingredient to the application site.   
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o Carriers like clay powder, talc, chalk, ash, or clay, corn, or walnut 
granules or pellets facilitate handling of the pesticide. 



o Tiny plastic beads can be used to microencapsulate a pesticide. 



• Stabilizing the pesticide to prevent its decomposition. 
o Buffers decrease the breakdown of a pesticide caused by exposure to 



acidic or alkaline conditions and allow pesticides to be mixed with diluents 
or other pesticides of different acidity or alkalinity.  



o Preservatives prevent biological growth in the pesticide material (for 
example, in the aqueous phase of a ready-to-use product). 



• Controlling foam levels in products to make them more convenient to handle. 
o Foaming agents and thickeners reduce pesticide drift by foaming or by 



increasing droplet size. 
o Anti-foaming agents reduce foaming of spray mixtures that require 



vigorous agitation. 



• Serving as “adjuvants,” which are a special class of inert ingredients that 
increase the effectiveness of the active ingredient and make application easier or 
safer.   



o Stickers help a pesticide stay on the treated surface, particularly 
preventing washing by rainfall or irrigation. 



o Synergists increase the activity of insecticides, making the product more 
effective at controlling the target pest. 



o Penetrants help active ingredients penetrate the surface to which the 
pesticide is applied (e.g., into the leaves of a plant). 



o Attractants (like food) draw pests to baits. 
o Wetting agents (some of the most common adjuvants) alter the 



dispersing, spreading, and wetting properties of spray droplets or 
wettable powders. 



• Increasing the safety of the product by reducing the toxicity of a pesticide 
formulation to the pesticide handler or to the treated surface (e.g., a plant being 
protected from insects). 



6.3 Common Pesticide Product Formulations 
The physical mixture of inert and active ingredients into a commercial pesticide product 
creates its formulation.  For example, granules, dust, ready-to-use liquids and 
concentrates are all types of pesticide formulations.  Some formulations include gaseous 
propellants, like aerosols and foggers.  Table 6-1 (on the next page) lists common 
formulations and examples of urban pesticide products for each formulation. 



6.4 Data Sources 
To date, information about inert ingredients in pesticides has been considered 
confidential business information that is not provided to customers and cannot generally 
be disclosed by state or Federal government staff.  For this reason, pesticide inert 
ingredients are almost never listed on product labels and cannot be readily obtained 
from any source. 
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Table 6-1.  Pesticide Product Formulations 
Formulation Type Urban Product Examples 
Aqueous Concentrate Water-based concentrate for mixing insect sprays 
Dry Flowable Fungicides and algaecides 
Dust/Powder Insect control dusts 
Emulsifiable Concentrate  Solvent-based concentrate for mixing insect sprays 



(dilute with water) 
Flowable Concentrate Powder or slurry concentrate for mixing insect sprays 
Gel/Paste/Cream Roach and ant baits 
Granular/Flake Turf weed control products 
Impregnated Material Pet flea collars 
Microencapsulated Aerosol spray for “controlled release” of insecticide 
Oil Tree treatment, rose dormant spray 
Other (Dry) Pesticide for manufacturing and formulation 
Other (Liquid) Pesticide for manufacturing and formulation 
Paint/Coating Paints for sewer manholes 
Pellet/Tablet/Cake/Briquet Ant and rat baits 
Pressurized Dust Cockroach powder 
Pressurized Gas Home termite treatments 
Pressurized Liquid/Spray/Fogger Aerosols, flea foggers 
Soluble Powder Wood preservatives 
Solution/Liquid (Ready-To-Use) Home use insect sprays with pump handles 
Suspension Concentrate or ready-to-use insect spray requiring 



agitation during use 
Wettable Powder Professional applicator products for insect control 



(mixed with water) 
Source:  Based on products in DPR Pesticide Product/Label database (DPR, 2002). 



A 1996 court decision requires USEPA to disclose inert ingredients in specific products 
under certain conditions, when such information is requested under the Freedom of 
Information Act.  Almost all of the inert ingredient information included in this report was 
obtained from USEPA, which provided copies of all previously sent Freedom of 
Information Act responses regarding study list pesticide products (Furlow, 2002).18  A 
few additional ingredients were identified from lists on product labels.  The DPR 
Pesticide Product/Label database (DPR, 2002) provided pesticide product registration 
information. 



6.5 Study List Pesticide Products:  Inert Ingredients and 
Formulations 
The data sources listed in Section 6.5 disclosed the identities of as few as six 6 and as 
many as 42 inert ingredients in products containing individual study list pesticides.  No 
information was found regarding inert ingredients in cypermethrin or esfenvalerate 
products.  The list of inert ingredients developed through this data assembly process is 
not comprehensive, but it does provide an indication of the types of inert ingredients 
present in study list pesticide products.  The types of ingredients found in study list 
pesticide products are similar to those identified for diazinon and chlorpyrifos products 
(TDC Environmental, 2001). 
                                                 
18 This project does not include a Freedom of Information Act request—such requests take months or even 
years to complete, particularly when they involve a relatively large number of products.  The study list 
pesticides are in more than 2,000 products.  No inert ingredient information was obtained from DPR, whose 
employees are not allowed to disclose such information. 
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Table 6-2 (on the next page) gives an overview and Appendix C lists the inert 
ingredients identified in products containing each of the study list pesticides.  The tables 
in Appendix C include the type of product that contained the identified ingredient and 
identify the likely function of that ingredient, based on the ingredient’s chemical 
characteristics and its use in similar products (obtained from ingredient manufacturer 
and distributor information available on the Internet).  As expected, the types of inert 
ingredients depended on the product formulation (e.g., propellants in aerosol sprays and 
surfactants in emulsifiable concentrates and wettable powders). 
Study list pesticides are available in 19 formulations, as shown in Table 6-3 (on page X). 



6.6 Water Quality Evaluation of Inert Ingredients 
Although available information is too limited to allow quantification of the significance of 
various inert ingredients, it suggests that there are two major issues to consider with 
regard to water quality: 



• Inert ingredients modify the transport of the study list pesticides to surface 
waters.  These modifications may involve chemical or physical features of inert 
ingredients: 



o Chemical enhancement of pesticide wash-off.  Ingredients that facilitate 
dissolution or suspension of pesticides in water (like surfactants and 
emulsifiers) are likely to facilitate dissolution or suspension of active 
ingredients into storm water runoff. 



o Chemical reduction of pesticide wash-off.  Adjuvants like penetrants and 
stickers that help a pesticide stay on the treated surface are likely to 
reduce off-site transport of the active ingredient.   



o Physical enhancement of pesticide wash-off.  Carriers composed of fine 
particles or tiny capsules can facilitate environmental transport of the 
pesticide because fine particles are quite mobile in the environment.   



o Physical reduction of pesticide wash-off.  Formulation in containerized 
baits or blocks reduces a pesticide’s exposure to surface water, thereby 
reducing the environmental mobility of the active ingredient. 



• Some inert ingredients in study list pesticide products are water pollutants.  The 
compiled lists of inert ingredients contain many water pollutants (e.g., 
hydrocarbon solvents and chlorinated solvents).  Since inert ingredient 
concentrations are not disclosed under the Freedom of Information Act process, 
it is impossible to gauge the significance of these releases in regard to surface 
water concentrations of such substances. 
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Table 6-2.  Inert Ingredient Overview 



Pesticide 
Examples of Inert  



Ingredients Identified 
Functions of Inert  



Ingredients Identified 
Bifenthrin Alkyl phenol ethoxylate, Attaclay 



LVM, Corn cob, Naphthalene 
Depleted Aromatic 200, Paper, 
Polyoxypropylene-polyoxyethylene 
block copolymer, Sunspray 6N 



Carrier, Flow agent, Horticultural 
oil, Solvent, Surfactant 



Carbaryl 1,2-Benziothiazoline-3-one, 
Amorphous synthetic silica, Butyl 
benzyl phthalate, Ethanol, Gypsum, 
Kaolin clay, Silicone emulsion, Soap, 
Sponto N-140, Talc, Tenneco T 500-
100, Water, Xanthan gum 



Carrier, Dispersant, Emulsifier, 
pH adjustment, Preservative, 
Solvent, Surfactant 



Cyfluthrin Corn cob, Glycerin, Organic solvent 
(unnamed), Surfactants (unnamed) 



Antifreeze, Carrier, Solvent, 
Surfactant 



Cypermethrin None identified -- 
Deltamethrin Acetyl tri-n-butyl citrate, Ammonium 



phosphate urea, Ammonium sulfate, 
Dimethyl polysiloxane derivative, 
Magnesium chloride, Propylene 
glycol, Sodium lauryl sulfate, Sulfur-
coated urea 



Anti-foaming agent, Carrier, 
Electrolyte, pH adjustment, 
Preservative, Solvent 



Esfenvalerate None identified -- 
Imidacloprid Carbopol resin 2984, Ethylene 



glycol, Limestone granules, Peanut 
shells, Pyla-cert oil amber XA MS-
166A, Tetrahydrofurfuryl alcohol 



Carrier, Emulsion stabilizer, 
Fertilizer, Solvent, Surfactant 



Malathion Calsoft F-90, Marasperse N-22, 
Paper, Sponto N-140, Talc, Tenneco 
T 500-100, Triton X-155 



Carrier, Dispersant, Emulsifier, 
Solvent, Surfactant,  



Permethrin Agent X-2084-40A emulsifier blend, 
Brij 96, Corrosion inhibitors 
(unspecified), Fragrance, 
Hydrocarbon propellant 
(butane/isobutane/propane), Mineral 
seal oil, Nonylphenoxypoly 
(ethyleneoxy) ethanol, SAG 30, 
Sodium benzoate 



Carrier, Defoamer, Emulsifier, 
Fragrance, Propellant, Solvent, 
Surfactant,  



Piperonyl 
Butoxide 



1,1,1-Trichloroethane, Aromatic 150 
Petroleum Solvent, Carbon dioxide, 
Fragrance, Freon 22, Isopar M, 
Isopropanol, Odorless mineral 
spirits, Soltrol 170, Solvent 529-66 
Low Odor, Water 



Carrier, Corrosion Inhibitor, 
Defoamer, Emulsifier, Fragrance, 
Preservative, Propellant, Solvent, 
Surfactant 



Pyrethrins Chlorodifluoromethane, Freon 22, 
Monooleate ester of sorbitan 
monostearate, Propane, Silica gel, 
Silicone emulsion, Vista LPA, Water 



Carrier, Corrosion Inhibitor, 
Emulsifier, Fragrance, 
Preservative, Propellant, Solvent, 
Surfactant 



Source:  Appendix C. 
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Table 6-3.  Product Formulations 
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Bifenthrin 0 2 8 0 18 0 1 2 0 0 0 2 0 12 1 1 0 0 0 
Carbaryl 25 2 7 2 27 5 1 1 0 4 0 1 2 5 6 1 5 0 0 
Cyfluthrin 4 2 0 0 4 1 0 0 0 0 0 17 0 11 8 2 4 0 0 
Cypermethrin 0 19 0 1 0 1 0 0 0 0 0 8 0 3 4 0 0 0 0 
Deltamethrin 13 2 0 0 12 0 0 0 0 0 0 5 0 8 2 6 0 0 0 
Esfenvalerate 0 9 1 0 0 0 0 0 0 0 1 23 0 5 3 0 7 0 0 
Imidacloprid 1 2 6 1 17 2 0 0 0 2 0 0 0 12 9 0 5 0 0 
Malathion 4 28 4 0 0 0 0 0 0 0 0 2 0 7 2 0 0 0 0 
Permethrin 27 39 10 3 22 8 1 0 1 1 1 271 1 172 3 1 59 5 0 
Piperonyl 
Butoxide 50 58 7 12 0 11 1 4 0 2 6 290 0 266 3 1 59 11 2 
Pyrethrins 48 59 7 11 0 2 1 4 0 2 4 282 0 262 3 1 55 8 2 



Note:  No products were in the “dry flowable” or “pressurized dust” formulations. 
Source:  DPR Pesticide Product/Label database, data from July 1, 2002 (DPR, 2002). 
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6.7 Water Quality Evaluation of Formulations 
The physical and chemical differences among formulations greatly affect the transport of 
a pesticide in the environment.  At one extreme, pesticides formulated as impregnated 
materials or briquets can only enter the environment if leached from a solid carrier.  At 
the other extreme, water-soluble solid or liquid pesticides can readily be washed off of 
an outdoor surface (if they do not decompose prior to rainfall or washing of the 
application location).   
A review of the literature did not identify any systematic investigation of the relationship 
of pesticide formulation type to runoff.  Some individual investigations comparing two 
formulations exist in the literature, as described below: 



• An investigator compared runoff of liquid and granular diazinon formulations from 
turf test plots, finding twice as much diazinon washed off from an emulsifiable 
concentrate application than from application of granules (Evans, 1998).  



• A study of dithiopyr granule compared to emulsifiable concentrate applications 
found results similar to the diazinon study described above (Hong, 1997).   



• Another study found that emulsifiable concentrates were more resistant to 
removal by rain than dusts or wettable powders, perhaps because the 
emulsifiable concentrate formulation is capable of penetrating vegetation 
surfaces (unlike powders, which sit on the surface) (Willis, 1980).   



• In diazinon turf wash-off experiments conducted on laboratory test plots, 1.5% of 
a granular formulation was washed off, while 21.8% of an emulsifiable 
concentrate formulation was washed off (Spurlock et al., 2002).19 



• Formulation had a small effect on imidacloprid wash-off from turf plots.  Mean 
wash-off fractions for a total of four model storms were 1.46% for the wettable 
powder and 1.92% for granules.  In the same tests, 2,4-D had a reverse pattern, 
with 3% of the wettable powder application washed off as compared to 2.2% of 
the granular formulation (Ambrust and Peeler, 2002). 



• Mixing with adjuvants both enhanced and reduced bifenthrin wash-off from cotton 
leaves in a 12 mm model storm.  Adjuvants classified as “spreaders” and 
“wetters” increased bifenthrin runoff, while adjuvant “stickers” reduced wash-off 
Mulrooney and Elmore, 2000). 



A frequently cited literature review compiled information showing some consistency in 
runoff fractions of various pesticides in the same formulation.  The reviewer found that 
water insoluble pesticides applied in emulsion formulations runoff more than water-
soluble pesticides; he also concluded that about 2% of the active ingredient from a 
typical wettable powder application would be carried off the application site by storm 
water runoff (Wauchope, 1978).  Another reviewer suggested that as much as 5% of the 
active ingredient in wettable powder formulations run off of the application site in storm 
water (Evans, 1998).  
While the literature on this topic continues to grow, without a systematic study of the 
effects of formulation on pesticides and without evaluations of impervious surface runoff, 
there is not sufficient information to provide the basis for a quantitative evaluation of the 
effects of formulation on the runoff of study list pesticides. 
                                                 
19 Washoff was initiated immediately after application, which probably accounts for the relatively high runoff 
fraction.  While the report calls the liquid “aqueous,” diazinon is not water soluble and a check of the product 
label confirmed that it is an emulsifiable concentrate that contains some water as packaged for sale. 
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7.0 URBAN SITES OF USE OF STUDY LIST PESTICIDES 
A “site of use” is a location where a pesticide may be applied.  During pesticide 
registration, the U.S. Environmental Protection Agency (USEPA) and the California 
Department of Pesticide Regulation (DPR) determine the allowable sites of use for each 
pesticide product.  Pesticides may not legally be applied to non-registered sites of use.   



7.1 Data Sources 
DPR maintains a database that includes the sites of use for all California-registered 
pesticide products (DPR, 2002).  This database was used to identify the urban sites of 
use for products containing study list pesticides.  The urban sites were then reviewed to 
identify the uses of greatest interest from the water quality perspective. 



7.2 Approach to Sites of Use Review 
The sites of use review used methodology previously developed in a review of diazinon 
and chlorpyrifos products (TDC Environmental, 2001).  The methodology involves the 
following steps: 



1. Obtain DPR listing of sites of use for all products containing each study list 
pesticide. 



2. Remove from the sites of use list all agricultural crops and other non-urban sites 
of use.20 



3. Correct the list based on a quality assurance review of labels for products listed 
for applications to water or to the sewer system.21 



In general, the approach to developing the urban sites of use lists was inclusive, rather 
than exclusive.  This approach ensures that urban sites of use lists are comprehensive.   



7.3 Urban Sites of Use of Study List Pesticides 
Not surprisingly, all the study list pesticides have many urban use sites, as shown in 
Table 7-1 (on the next page).  Cypermethrin had the shortest list of urban sites of use 
(64), while permethrin, piperonyl butoxide, and pyrethrins are all registered for more than 
300 urban sites of use.  Lists of urban sites of use for the study list pesticides are in 
Appendix D.  



7.4 Water Quality Evaluation of Sites of Use 
The sites of use of water quality interest were identified with a two-step process.  First, 
each of the study list pesticides was reviewed to determine if it may be applied on any of 
the sites of use where diazinon and chlorpyrifos applications were found to be of 
concern for water quality (TDC Environmental, 2001).  That evaluation of urban diazinon 
and chlorpyrifos uses found the following: 



                                                 
20 In general, sites with DPR site codes between 100 and 31000 are agricultural or other non-urban sites 
(e.g., forests) and thus can quickly be omitted from consideration.  Also removed from the list of urban sites 
of use were pesticide repackaging/formulation sites (99000 series), uncultivated agricultural area sites 
(66000 series) and farm animals, mushroom houses, and barns (61000 series). 
21 This step is necessary because the list of sites of use in the DPR Product/Label database was previously 
found to contain many data entry errors for these use sites (TDC Environmental, 2001).  Within the project 
budget, it was impossible to obtain and review all product labels.  Labels were obtained from the USEPA 
product label database, which contains electronic images of product labels (USEPA, 2002).  While California 
may have its own labels for pesticide products, California labels cannot include any uses that are not 
included on Federal labels—and thus, labels from the USEPA database are adequate for determining if a 
use is not allowed. 
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Table 7-1.  Summary of Study List Pesticide Urban Sites of Use 
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Other Sites of Interest 
Bifenthrin 98 X X X X X X   X  
Carbaryl 80 X X X X X  X  X  
Cyfluthrin 108 X X X X X X   X Floor drains 
Cypermethrin 64 X X X X  X   X Bathrooms, human face 



gear and footwear 
Deltamethrin 133 X X X X X X  X X Floor drains, human sites, 



human bedding 
Esfenvalerate 84 X X X X X X   X Floor drains 
Imidacloprid 81 X X X X X X   X  
Malathion 90 X X X X X  X  X Human sites, catch basins,



tidal areas 
Permethrin 316 X X X X X X  X X Textiles, human bedding, 



human body, human 
clothing, laundry, fabric 
treatments 



Piperonyl 
Butoxide 



348 X X X X X X X X X Human drinking water 
systems, tidal areas, 
human bedding, human 
body, human clothing, 
laundry, diapers 



Pyrethrins 363 X X X X X X X X X Textiles, fabrics, and 
fibers; human drinking 
water systems; tidal areas; 
human bedding, human 
body, human clothing, 
laundry, diapers 



aIncludes broadly defined sites like urban areas, rights of way, and mosquito abatement. 
bIncludes one or more of the following uses (DPR site codes between 65000 and 65999): drainage ditches, 
irrigation ditches, swimming pools, aquatic areas (general), human drinking water systems, ponds, lakes, 
marshes, catch basins. 
cIncludes DPR site code 65026—Sewage Systems (Septic Tanks, Sewers, Etc.), and/or DPR site code 
67008—Sewage Disposal Areas (Municipal And Other) 
Source:  DPR Pesticide Product/Label Database (DPR, 2002); entries for water and sewer sites verified with 
product labels by TDC Environmental (see text). 
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• Applications to outdoor impervious surfaces had the greatest potential to release 
the applied pesticides to surface water.   



• Two other uses also had a high potential for surface water releases of the 
applied pesticide:  applications resulting in discharges to the sewer system and 
applications to outdoor plants and soil (including ornamental landscaping, lawns, 
and golf courses).   



• Applications directly to surface waters (including applications via storm drains) 
were found to have a potentially high potential for surface water releases, but 
these were fairly uncommon uses of diazinon and chlorpyrifos.   



• A common chlorpyrifos use—underground injection to control pests in wood 
structures was also found to have relatively high potential for surface water 
releases, if conditions existed to facilitate transport of the otherwise relatively 
immobile pesticide (e.g., subsurface water flows). 



On the basis of the above, the following sites of use were identified as being of interest 
to water quality: 



• Outdoors at residential, institutional, and commercial buildings, and other large 
outdoor area application sites 



• Sewer sites (sites where application results in sewer discharge of the pesticide) 



• Ornamental plants, lawns, and golf courses 



• Water sites (sites where application results in release of the pesticide to surface 
water) 



• Wood structures 
The second step in the assessment was to review remaining urban sites of use to 
identify any other sites that have previously been connected to incidents of surface water 
toxicity.  This review identified one additional site of use of interest—applications to pets.  
Pet applications of pesticides have previously been associated with toxicity in 
wastewater treatment plant effluent (USEPA, August 1999).22   
Table 7-1 summarizes the 9 types of study list pesticide product sites of use that are of 
water quality interest.  This analysis shows that most of the study list pesticides may be 
applied on most of the urban sites of use of water quality interest. 



                                                 
22 This use was not considered in the diazinon and chlorpyrifos product screening for water quality 
implications because it had been terminated prior to that evaluation (TDC Environmental, 2001). 
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8.0 SALES AND USE OF STUDY LIST PESTICIDES 



8.1 Data Sources 
Sales and use information were taken from California Department of Pesticide 
Regulation (DPR) annual summaries of pesticide sales and pesticide use (DPR, 1999, 
2000, 2001; and DPR, October 2001).  The most recent pesticides sales and reported 
use data (at the time this analysis was completed) were for the year 2000, which means 
that market changes due to the reduction of diazinon and chlorpyrifos uses may not be 
evident.  Additionally, it is important to recognize that sales data may not be reflective of 
actual pesticide use, as sales data are based on a tax paid by the pesticide 
manufacturer when products are shipped, which (due to shipment scheduling practices) 
may not be directly related to retail sales of pesticides or to applications by commercial 
and residential users in the same time period.   



8.2 Sales of Study List Pesticides 
Table 8-1 gives total sales of each pesticide for 1998, 1999, and 2000 (the most recent 
data available when this analysis was completed), based on taxes paid by product 
manufacturers to DPR.   



Table 8-1.  Product Sales 
(Data in Pounds of Active Ingredient) 



Sales 
Name 



Number of 
Registrantsa 2000 1999 1998 



Bifenthrin <4 NRb NRb NRb 
Carbaryl 43 563,605 639,593 506,802 
Cyfluthrin 9 39,126 30,579 62,181 
Cypermethrin 9 50,573 43,845 72,052 
Deltamethrin 8 8,323 2,103 NR 
Esfenvalerate 35 42,878 41,163 41,384 
Imidacloprid 12 95,908 106,710 77,054 
Malathion 30 1,047,077 1,494,142 925,264 
Permethrin 159 437,037 289,841 308,533 
Piperonyl Butoxide 211 149,763 173,956 131,493 
Pyrethrins 207 35,203 41,500 47,412 



 aIn the year 2000. 
 bNot reported (fewer than four registrants). 
 Source:  DPR Pesticides Sold reports (DPR, 1999, 2000, and 2001). 



8.3 Urban Use of Study List Pesticides 
Table 8-2 contains information about use of the study list pesticides in the year 2000, 
including total reported use in California and an estimate of California urban use.  The 
estimate of urban use was made from reported use data and sales data.  Reports of 
pesticide use were sorted to select urban pesticide applications.  In California, pesticide 
uses for the production of any agricultural commodity, except livestock; for the treatment 
of post-harvest agricultural commodities; for landscape maintenance in parks, golf 
courses, and cemeteries; for roadside and railroad rights-of-way; for poultry and fish 
production; any application of a restricted material; any application of a pesticide 
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designated by DPR has having the potential to pollute ground water23 when used 
outdoors in industrial and institutional settings; and any application by a licensed pest 
control operator must be reported the County Agricultural Commissioner, who, in turn, 
reports the data to DPR.  DPR prepares annual summary reports on the basis of this 
data.  While the summary reports lack the detail necessary to allow a detailed tally of 
reported urban pesticide applications, they are sufficiently detailed to allow selection of 
“urban” categories (like structural pest control and landscape maintenance) to create an 
estimate of the urban portion of the reported pesticide use.24  
The primary exceptions to the use reporting requirements are home and garden use and 
most industrial and institutional pesticide applications not made by professional 
applicators.25  Because these activities occur primarily in urban areas, it is reasonable to 
assume that essentially all unreported uses of the study list pesticides are urban.  This 
assumption allows a rough estimate of unreported pesticide use to be made by 
subtracting reported use from sales data for the same time period.  The total estimated 
urban use of each pesticide shown in Table 8-2 (on the next page) is a summary of the 
urban portion of the reported use data and estimated unreported use.   
 



                                                 
23 Carbaryl, diazinon, and malathion are on this list.  It should be noted such reporting is probably incomplete 
because of the ready availability of these products to persons other than licensed pest control applicators. 
24 For purposes of this analysis, the following categories of use from DPR’s annual compilation reports were 
defined as urban uses:  landscape maintenance, public health, regulatory pest control, rights of way, 
structural pest control, vertebrate control, regulatory pest control, uncultivated non-agricultural sites, airports, 
buildings/non-agricultural outdoor, food processing plants, industrial sites.   Most of the reported urban uses 
fell into a few categories (structural pest control, landscape maintenance, public health, and regulatory pest 
control).  Many other categories may also include some applications in urban areas (e.g., nurseries, 
greenhouses, sod/turf), so this "urban" estimate is likely to understate actual urban use.   
25 Pesticides used in consumer products are often unreported, or reported as applied at the product-
manufacturing site rather than at the site where the products are used. 
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Table 8-2.  Product Sales and Use Analysis for Calendar Year 2000 
(Data in Pounds of Active Ingredient) 



Urban Reported Use Unreported Usea 



Name Sales 



Reported Use 
(Agricultural & 



Urban) Quantity 



Fraction of 
Reported Use 



(%) Quantity 



Fraction of 
Product Sales 



(%) 



Estimated 
Total Urban 



Useb 
Bifenthrin NRc 31,047 12,045 39% Unknownc Unknown Unknown 
Carbaryl 563,605 364,966 13,317 4% 198,639 35% 211,956 
Cyfluthrin 39,126 27,083 15,320 57% 12,043 31% 27,363 
Cypermethrin 50,573 136,285 126,974 93% --d --d 126,974 
Deltamethrin 8,323 10,911 10,806 99% --d --d 10,806 
Esfenvalerate 42,878 32,022 479 1% 10,856 25% 11,335 
Imidacloprid 95,908 101,410 35,789 35% --d --d 35,789 
Malathion 1,047,077 489,650 69,250 14% 557,427 53% 626,677 
Permethrin 437,037 385,581 246,350 64% 51,456 12% 297,806 
Piperonyl Butoxide 149,763 24,967 18,160 73% 124,796 83% 142,956 
Pyrethrins 35,203 4,357 3,536 81% 30,846 88% 34,382 



aSales minus reported use.  This generally consists of urban uses, such as household uses and non-reportable uses at commercial, industrial, and institutional 
facilities. 
bUrban reported use plus unreported use (which was assumed to be zero if sales were less than total reported use).  
cSales data are not public (see Table 6). 
dSales less than reported use [Imidacloprid is within typical year-to-year sales/use data variations for products where almost all use is reported.  Not clear 
why the discrepancy is so large for cypermethrin and deltamethrin.]   
Note:  the following categories in the use report were defined as "urban" for purpose of this analysis:  landscape maintenance, public health, regulatory pest control, 
rights of way, structural pest control, vertebrate control, regulatory pest control, uncultivated non-ag, airport, buildings/non-ag outdoor, food processing plant, industrial 
site. 
Source:  DPR Summary of Pesticide Use Report for 2000 (preliminary data) (DPR, 2001). 
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9.0 AQUATIC TOXICITY 
The primary reason for concern about pesticides in surface water is their toxicity to 
aquatic species.  This section includes an overview of aquatic toxicity data for study list 
pesticides to provide context—and comparison values—for the analysis in this report.  
This section is by no means comprehensive—there are thousands of toxicity data points 
for study list pesticides.  Instead, the focus of this section is on the lowest toxicity values, 
since protecting sensitive classes of species is a goal of water quality protection 
programs. 
This section also reviews toxicity testing methods to evaluate the ability of existing 
methods to assess environmental effects of study list pesticides.  While standard aquatic 
toxicity testing methods are available, these methods generally rely on the assumption 
that the concentration of the pesticide will remain relatively constant in the test 
container—not always the case for the study list pesticides.  When incidents of aquatic 
toxicity are identified, toxicity identification evaluation procedures can be employed—but 
can only produce useful results if methods for identifying potential toxicants exist.  For 
many of the pesticides on the study list, standard toxicity testing procedures may miss 
incidents of aquatic toxicity. 



9.1 Data Sources 
Information about toxicity testing was obtained from the scientific literature and from 
interviews with scientists familiar with toxicity testing and toxicity identification 
evaluations for San Francisco Bay area surface water samples (Miller, 2002; Ogle, 2002; 
Denton, 2003).  Aquatic toxicity data were obtained from the USEPA Ecotox database 
(formerly Acquire) (USEPA, 2002) and the DPR Ecotox database (DPR 2002).  
Information in these databases is subject to scientific review prior to data entry and must 
meet the quality assurance standards of the agencies managing the databases.  The 
original data sources for the aquatic toxicity data compiled in this report were not 
reviewed.   
Data reported in this section are subject to the following uncertainties: 



• Testing methods may have presented erroneous results (e.g., high or low 
values).  Toxicity data sets for study list pesticides include multiple data points for 
the same test with the same species, with results occasionally spanning more 
than an order of magnitude.  In order to ensure a conservative approach to the 
analysis, the lowest values are compiled in this report.  It is possible that the true 
toxic concentration may be higher than the lowest reported values. 



• Testing methods may not have accounted for losses of pesticides in toxicity 
testing containers—in other words, organisms may have been exposed to 
pesticide concentrations considerably lower than the nominal concentrations in 
the toxicity testing.  This is particularly a problem with pyrethroid toxicity tests and 
is likely to lead to reports of no effect at concentrations that may actually harm 
the test organism. 



• Almost all reported results are based on “nominal” concentrations rather than a 
measurement of the actual concentration in the testing container.  The lack of 
readily available chemical analysis methods for many study list pesticides 
precludes quality assurance measurements of actual concentrations in test 
containers. 



• Differences in toxicity testing methods may affect the test results.  Data in this 
section may be from tests conducted in accordance with standard USEPA Office 











Insecticide Market Trends And Potential Water Quality Implications    DRAFTDRAFTDRAFTDRAFT 



DRAFTDRAFTDRAFTDRAFT 45  



of Water methods, USEPA Office of Pesticide Programs (FIFRA) methods, or 
other standard methods applicable at the time of the testing. 



• For most of the study list pesticides, there are many data gaps in the toxicity 
testing data sets.  Toxicity to many common aquatic toxicity test species has not 
been measured. 



• While aquatic test organisms are selected to be representative of more sensitive 
species in various phyla, the species are typically not the most sensitive species 
in aquatic ecosystems, as more sensitive organisms are very difficult to handle in 
laboratory settings. 



Few measurements of endpoints other than the concentration lethal to 50% of test 
organisms (LC50) were identified.  Sub-lethal effects, which necessarily occur at 
concentrations below the concentration that kills aquatic organisms, can have important 
impacts on aquatic ecosystems. 
These factors indicate that the data in this section may not fully represent the potential 
for study list pesticides to affect surface water habitats.  While it is possible 
concentrations discussed in this section are higher than concentrations that are 
environmentally relevant, the types of testing errors and data gaps make it likely that 
concentrations below those described here may have meaningful effects on aquatic 
ecosystems. 



9.2 Aquatic Toxicity Data for Study List Pesticides 
The aquatic toxicity test species evaluated for biological effects in this report are listed in 
Table 9-1 (on the next page).  These were selected to include the following species: 



• Standard toxicity test species (such as Daphnia magna, Oncorhynchus mykiss, 
and Lepomis macrochirus) required by USEPA under FIFRA as part of 
evaluating a pesticide for registration; 



• Standard toxicity test species (such as Ceriodaphnia dubia) required under the 
Clean Water Act (Part 136) to assess the potential for toxicity in effluents, 
ambient surface waters, and/or storm waters; and 



• Standard toxicity test species that must be evaluated to derive acute and chronic 
water quality criteria (guidelines require a minimum of at least eight different 
families in order to develop the criteria) (USEPA 1984). 



Table 9-2 (on page X) summarizes the lowest toxicity data identified for study list 
pesticides.  Table 9-3 (on pages X-X) contains the lowest toxicity test values for each 
pesticide for all of the toxicity test species evaluated for this report.  The notable 
elements of this data set are summarized below: 



• Carbaryl is very highly toxic to aquatic crustaceans, with most LC50s below 50 
ppb.  Fish are somewhat less sensitive to carbaryl; however, many fish LC50s 
are below 1,000 parts per billion (ppb).   
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Table 9-1.  Species Selected for Aquatic Toxicity Data Review 
Species Name Common Name 



Invertebrates  
 Ceriodaphnia dubia  Water flea 
 Daphnia magna Water flea 
 Daphnia pulex Water flea 
 Hyalella azteca Scud 
 Gammarus lacustris Scud 
 Gammarus fasciatus Scud 
 Americamysis bahia* Opossum shrimp 
 Penaeus sp. Shrimp 
 Crassostrea virginica American oyster 
 Crassostrea gigas Pacific oyster 
Vertebrates  
 Pimephales promelas Fathead minnow 
 Oncorhynchus mykiss Rainbow trout 
 Salvelinus fontinalis Brook trout 
 Lepomis macrochirus Bluegill 
 Cyprinodon variegatus Sheepshead minnow 
 Menidia beryllina Inland silverside 
Plants  
 Selenastrum capricornutum Green algae 
 Skeletonema costatum Diatom 
*Formerly known as Mysidopsis bahia 
Salt water species are in the shaded areas of the table. 
Sources:  See text. 



• Malathion (like its organophosphorous pesticide cousins diazinon and 
chlorpyrifos) is acutely toxic to aquatic crustaceans, with some LC50s below 
1 ppb.  Although fish LC50s are generally greater than 1 ppb, malathion is also 
very highly toxic to certain fish, notably Menidia beryllina, which has a 96-hour 
LC 50 of 0.03 ppb. 



• Imidacloprid, a newer pesticide, does not have extensive reported toxicity testing.  
Available data, though limited, suggest that imidacloprid can be very highly toxic 
to aquatic crustaceans, but generally not acutely toxic to fish.  The 96-hour LC50 
value for Americamysis bahia (34 ppb) is markedly lower than other toxicity data 
for this pesticide. 



• The pyrethroids (bifenthrin, cyfluthrin, cypermethrin, deltamethrin, esfenvalerate, 
permethrin) are very acutely toxic to aquatic insects and crustaceans, with most 
LC50s well below 1 ppb.  In contrast to diazinon and chlorpyrifos, pyrethroids are 
also very highly toxic to fish.  They have negative temperature coefficients of 
toxicity, which means that their toxicity increases in colder water (Denton, 2001). 



• Piperonyl Butoxide (PBO) can be very highly toxic to aquatic crustaceans and 
fish.  Its role as a synergist could, however, be far more environmentally 
meaningful than its inherent toxicity.  Because PBO inhibits the detoxification 
enzyme for pyrethroids, it enhances or prolongs the toxic response in an 
organism (Zimmerman et al., 2001).  The enhancement depends on the specific 
pyrethroid and ranges from 10 times to 150 times (Miller, 2002).  Carbamate 
pesticide toxicity can also be enhanced by PBO; for example, carbaryl toxicity 
enhancement by a factor of 70 has been reported (Jones, 1998). 
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Table 9-2.  Summary of Lowest Aquatic Toxicity Data for Study List Pesticides 
Lowest Toxicity Data Identified Pesticide 



Fresh Water Salt Water 
Bifenthrin 0.07 ppb 



Ceriodaphnia dubia, 48-H LC50 
0.00397 ppb  



Americamysis bahia, 96-H LC50 
Carbaryl 1.1 ppb 



Daphnia magna, 24-h LC50 
0.0115 ppb 



Daphnia pulex, 48-h EC50 



5.7 ppb  
Americamysis bahia, 96-H LC50 



5.5 ppb 
Penaeus sp. 24-h EC50 



Cyfluthrin 0.14 ppb  
Ceriodaphnia dubia, 48-H LC50 



0.025 ppb 
Daphnia magna, 48-h EC50 



0.00242 ppb  
Americamysis bahia, 96-H LC50 



Cypermethrin 0.36 ppb 
Daphnia magna, 48-h LC50 



0.5 ppb 
Oncorhynchus mykiss, 96-h LC50 



0.005 ppb 
Americamysis bahia, 96-H LC50 



Deltamethrin 0.01 ppb 
Daphnia magna, 96-h LC50 



0.003 
Daphnia magna, 96-h EC50 



0.017 ppb 
Americamysis bahia, 96-H LC50 



Esfenvalerate 0.07 ppb 
Oncorhynchus mykiss, 96-H LC50 



0.038 ppb 
Americamysis bahia, 96-H LC50 



Imidacloprid 10,440 ppb 
Daphnia magna, 48-H LC50 



34 ppb 
Americamysis bahia, 96-H LC50 



Malathion 0.27 ppb 
Daphnia magna, 24-h LC50 



0.098 ppb 
Daphnia magna, 24-h EC50 



0.03 ppb 
Menidia beryllina, 96-h LC50 



Permethrin 0.075 ppb 
Daphnia magna, 48-h LC50 



0.046 
Americamysis bahia, 96-H LC50 



Piperonyl Butoxide 2.4 ppb 
Oncorhynchus mykiss, 96-H LC50 



1.25 ppb 
Penaeus duorarum, 96-H LC 50 



8.8 ppb 
Cyprinodon variegatus, 96-H LC50 



Pyrethrins 5.2 ppb 
Oncorhynchus mykiss, 96-H LC50 



1.4 ppb 
Americamysis bahia, 96-H LC50 



Source:  USEPA Ecotox (Acquire) database (USEPA, 2002) and DPR Ecotox database (DPR, 2002). 
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Table 9-2.  Summary of Aquatic Toxicity Data for Study List Pesticides (Lowest Values) 
Bifenthrin Carbaryl Chlorpyrifos Cyfluthrin Cypermethrin Deltamethrin Diazinon 



Test Species Test Result 
(ppb) 



Test Result 
(ppb) 



Test Result 
(ppb) 



Test Result 
(ppb) 



Test Result 
(ppb) 



Test Result 
(ppb) 



Test Result 
(ppb) 



Invertebrates               
 Ceriodaphnia 
 dubia  



48-h LC50 0.07 48-h LC50   
48-h EC50 



11.6    
3.06 



96-h LC50 0.053 48-h LC50 0.14     48-h LC50 
96-h LC50 



0.25   
0.32 



 Daphnia 
 magna 



48-h LC50  
48-h EC50 



0.32    
1.6 



24-h LC50 
48-h LC50 
24-h EC50 
48-h EC50 



1.1     
7.2     



0.66    
2.77 



96-h LC50 0.4 48-h LC50 
48-h EC50 



0.17    
0.025 



24-h LC50  
48-h LC50 
24-h EC50  
48-h EC50 



0.53   
0.36   



2      
1 



24-h LC50 
48-h LC50 
96-h LC50 
24-h EC50 
48-h EC50 
96-h EC50 



0.11    
0.037   
0.01    



0.113   
0.029   
0.003 



96-h LC50 0.21 



 Daphnia pulex   48-h LC50 
48-h EC50 



6.4     
0.0115 



72-h LC50 0.12       48-h LC50 0.65 



 Americamysis 
 bahia* 



96-h LC50 0.004 96-h LC50 5.7 96-h LC50 0.035 96-h LC50 0.00242 96-h LC50 0.005 96-h LC50 0.0017 96-h LC50 4.2 



 Hyalella azteca     96-h LC50 0.04       96-h LC50 6.51 
 Gammarus 
 lacustris 



  24-h LC50 
48-h LC50  
96-h LC50 



40      
22      
16 



96-h LC50 0.11       96-h LC50 170 



 Gammarus 
 fasciatus 



  24-h LC50 
96-h LC50 



50      
26 



96-h LC50 0.32       96-h LC50 0.2 



 Penaeus sp.   24-h EC50 
48-h EC50 



5.5     
2.5 



    96-h LC50 0.036   24-h LC50 8.5 



 Crassostrea 
 virginica 



48-h EC50 285 14-d LC50 
48-h EC50  
24-h LOEC 



3,000   
2,100   
1,000 



96-h EC50 34 96-h EC50 2.69 96-h EC50 370 96-h EC50 8.2 96-h EC50 880 



 Crassostrea 
 gigas 



        48-h LC50 2,270     
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Table 9-2.  Summary of Aquatic Toxicity Data for Study List Pesticides (Lowest Values) (Continued) 
Bifenthrin Carbaryl Chlorpyrifos Cyfluthrin Cypermethrin Deltamethrin Diazinon 



Test Species Test Result 
(ppb) 



Test Result 
(ppb) 



Test Result 
(ppb) 



Test Result 
(ppb) 



Test Result 
(ppb) 



Test Result 
(ppb) 



Test Result 
(ppb) 



Vertebrates               
 Pimephales 
 promelas 



96-h LC50* 0.26 24-h LC50 
96-h LC50 



LOEC  
MATC  
NOEC 



5,940   
5,010   
200     
250     
250 



96-h LC50 120 96-h 
LC50* 



2.49     96-h LC50 3700 



 Oncorhynchus 
 mykiss 



96-h LC50 0.15 24-h LC50 
48-h LC50 
96-h LC50 



860     
860     
320 



96-h LC50 7.1 48-h LC50 
96-h LC50 



0.57    
0.3 



12-h LC50 
24-h LC50 
48-h LC50  
96-h LC50 



2.5    
5      
5      



0.5 



24-h LC50  
48-h LC50  
96-h LC50 



0.7     
0.5     



0.25 



96-h LC50 20 



 Salvelinus 
 fontinalis 



  24-h LC50 
96-h LC50 



770     
680 



        96-h LC50 450 



 Cyprinodon 
 variegatus 



  96-h LC50 1,200 96-h LC50 136 96-h LC50 4.05 96-h LC50 0.73 96-h LC50 0.36 96-h LC50 1470 



 Menidia 
 beryllina 



    96-h LC50 4.2         



 Lepomis 
 macrochirus 



96-h LC50 0.35 24-h LC50 
48-h LC50 
96-h LC50 



3,400   
2,500   
760 



96-h LC50 1.3 96-h LC50 0.87 96-h LC50 1.78 96-h LC50 0.36 96-h LC50 22 



Plants               
 Selenastrum 
 capricornutum 



  4-d EC20  
5-d EC50 



1,040   
1,100 



        7-d EC50 6400 



 Skeletonema 
 costatum 



  96-h EC50 
12-d EC50 



900     
1,600 



96-h EC50 255         
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Table 9-3.  Aquatic Toxicity Data for Study List Pesticides (Lowest Values) (Continued) 
Esfenvalerate Imidacloprid Malathion Permethrin Piperonyl 



Butoxide 
Pyrethrins 



Test Species 
Test Result 



(ppb) 
Test Result (ppb) Test Result 



(ppb) 
Test Result 



(ppb) 
Test Result 



(ppb) 
Test Result 



(ppb) 
Invertebrates             
 Ceriodaphnia dubia      24-h LC50 



48-h LC50 
3.18 
1.14 



48-h LC50 0.55 48-h LC50 330   



 Daphnia magna 48-h LC50* 
48-h LC50   
48-h EC50 



0.24    
0.27    
0.15 



48-h LC50    
48-h EC50 



10,440  
85,200 



24-h LC50 
48-h LC50 
24-h EC50  
21-d EC50 



0.27  
1.6 



0.098 
0.34 



48-h LC50*  
72-h LC50  
96-h LC50  
48-h EC50   
96-h EC50 



0.075  
6.8    
0.3   



0.112   
0.039 



48-h LC50  
48-h EC50 



2,830 
100 



48-h LC50 11 



 Daphnia pulex     48-h EC50 1.8 3-h LC50  
48-h LC50  
72-h LC50 



9,200  
2.75  
0.08 



48-h LC50 1,620   



 Americamysis bahia* 96-h LC50* 0.038 96-h LC50* 34 96-h LC50 2.2 96-h LC50 0.046 96-h LC50* 320 96-h LC50* 1.4 
 Hyalella azteca 42-D LOEC 0.05       96-h LC50 530   
 Gammarus lacustris     24-h LC50 



48-h LC50 
96-h LC50 



3.8    
1.8  



1.62 



      



 Gammarus fasciatus     24-h LC50 
48-h LC50 
96-h LC50  
5-d LC50 



1.2    
0.5    
0.5  



0.48 



      



 Penaeus sp.     24-h LC50 
48-h LC50  
96-h LC50 



3.55 
2.25   
12 



96-h LC50 0.17 96-h LC50 1.25   



 Crassostrea virginica   96-h LC50* >145,000 14-d LC50 
48-h EC50 
96-h EC50 



2660 
9,070 
2,900 



48-h EC50  
96-h EC50 



1000   
40.7 



48-h EC50  
96-h EC50 



4,100 
230 



96-h LC50* 87 



 Crassostrea gigas       48-h EC50 1,050     
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Table 9-3.  Aquatic Toxicity Data for Study List Pesticides (Lowest Values) (Continued) 
Esfenvalerate Imidacloprid Malathion Permethrin Piperonyl Butoxide Pyrethrins 



Test Species Test Result 
(ppb) 



Test Result 
(ppb) 



Test Result 
(ppb) 



Test Result 
(ppb) 



Test Result 
(ppb) 



Test Result (ppb)



Vertebrates             
 Pimephales 
 promelas 



24-h LC50   
48-h LC50    
96-h LC50 



0.24   
0.24    
0.22 



  24-h LC50  
96-h LC50 



12,400  
8,650 



24-h LC50  
48-h LC50 
96-h LC50* 



5.4    
32.1    



2 



    



 Oncorhynchus 
 mykiss 



96-h LC50*   
96-h LC50 



0.26   
0.07 



96-h LC50 83,000 24-h LC50  
48-h LC50  
96-h LC50 



5        
4.6       
2.8 



24-h LC50  
48-h LC50  
96-h LC50 



4.3     
6      



0.62 



24-h LC50   
48-h LC50   
96-h LC50 



4,000  
15,300 



2.4 



96-h LC50* 5.2 



 Salvelinus fontinalis     72-h LC50  
96-h LC50 



150      
120 



24-h LC50  
96-h LC50 



4      
2.3 



    



 Cyprinodon 
 variegatus 



96-h LC50*  430 96-h LC50* 161,000 96-h LC50 33 96-h LC50 7.8 96-h LC50 8.8 96-h LC50* 16 



 Menidia beryllina     96-h LC50 0.03 96-h LC50 27.5     
 Lepomis 
 macrochirus 



96-h LC50*  0.26 96-h LC50 105,000 24-h LC50  
96-h LC50 
48-h EC50  



70       
20       
86 



24-h LC50  
96-h LC50 



6.6    
0.79 



24-h LC50   
96-h LC50 



8,200  
4.2 



96-h LC50* 10 



Plants             
 Selenastrum 
 capricornutum 



            



 Skeletonema 
 costatum 



            



Source:  All values from USEPA Ecotox (Acquire) database (USEPA, 2002), except values marked with an *, which are from the DPR Ecotox database (DPR, 2002). 
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There are quite a few gaps in the toxicity testing data for many of the study list 
pesticides.  Table 9-4 indicates the species for which there are not aquatic toxicity test 
data in the USEPA and DPR databases. 



Table 9-4.  Aquatic Toxicity Data Gaps 
Invertebrates Vertebrates Plants 



Pesticide C
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a 
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 m
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 p
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s 



M
en



id
ia



 b
er



yl
lin



a 
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a 
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Bifenthrin    X X X X  X  X    X  X X X X 
Carbaryl     X      X       X     
Cyfluthrin    X X X X  X  X    X   X X X 
Cypermethrin X  X X X X      X  X   X X X 
Deltamethrin X  X X X X  X  X X  X   X X X 
Esfenvalerate X  X  X X  X X X    X   X X X 
Imidacloprid X  X X X X  X  X X  X   X X X 
Malathion     X      X        X X 
Permethrin     X X X             X X 
Piperonyl Butoxide      X X    X X  X   X X X 
Pyrethrins X   X X X X   X   X X   X     X X X 
Salt water species are in the shaded areas of the table. 
Source:  Gaps in Table 9-3. 



Sediment toxicity is likely to be quite important, particularly for pyrethroids, which are 
likely to accumulate in sediments (see Section 13); however, sediment toxicity data are 
not readily available.  The only pyrethroid sediment toxicity values identified were for 
cypermethrin.  Toxicity of cypermethrin-containing sediments depended on sediment 
organic carbon content (more carbon, less toxic), with 10-day LC50s as low as 3.6 ppm 
for Hyalella azteca and 13 ppm for Chironomus tentans (Maund et al., 2002). 
[Reviewers:  Do you have other relevant information?  Is it possible to use any of 
the aquatic toxicity data to shed light on this topic?] 
Non-lethal endpoints may also be very important environmentally.  Unfortunately 
determination of such endpoints is much less standardized than LC50 measurements—
and the environmental meaning of such endpoints is generally not well understood.  For 
example,  



• Many pyrethroids have deleterious effects at sub-lethal concentrations.  
Examples of such deleterious effects in fish include behavioral changes like rapid 
gill movement, erratic swimming, altered schooling activity, and swimming at the 
water surface (Denton, 2001).  In daphnids, concentrations of pyrethroids as low 
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as 0.01 ppb reduced reproduction and lowered rates of filtration of food (Day, 
1989). 



• Exposure to cypermethrin at concentrations less than 0.004 ppb significantly 
impaired salmonids olfactory responses.  This impairment could disrupt 
reproductive functions (Moore and Waring, 2001).  



• Frogs exposed to malathion and esfenvalerate exhibited immune system effects 
at concentrations as low as 180 ppb (esfenvalerate) and 2,000 ppb (malathion) 
(Kiesecker, 2002). 



• Several pyrethroids and their products of metabolism and/or environmental 
decomposition were found to have endocrine activity (Tyler et al., 2000). 



Cumulative toxicity among study list pesticides is likely.  Cumulative toxicity may include 
cumulative effects of substances with identical or similar mechanisms of toxicity (e.g., 
pyrethroids as a group, malathion with other organophosphorous pesticides), combined 
effects of two or more common pesticides (e.g., enhanced esfenvalerate toxicity in the 
presence of diazinon; Denton, 2001); or combinations of stressors (Relyea and Mills, 
2001).26 



9.3 Toxicity Testing of Surface Water Samples 
Laboratories use standardized bioassays to determine whether surface water samples 
may be toxic to aquatic species.  On the basis of previous testing and pesticide chemical 
properties, standardized bioassay methods are expected to be able to detect surface 
water toxicity due to carbaryl, malathion, imidacloprid, and PBO.  For pyrethroids, 
pesticide partitioning onto toxicity testing container surfaces has been shown to interfere 
with toxicity testing (Miller et al., 2002), thus throwing into doubt the ability of standard 
bioassay methods to measure pyrethroids and pyrethrin-caused toxicity in surface 
waters.  While the environmental meaning of these testing problems is currently in 
debate, it is very likely that these losses cause negative (“not toxic”) test results for 
surface water samples that initially contained toxic concentrations of pyrethroids or 
pyrethrins. 



9.4 Toxicity Identification Evaluation for Surface Water Samples 
If a surface water sample is found to be toxic to laboratory test organisms, scientists can 
use toxicity identification evaluation (TIE) methods to attempt to identify the source of the 
toxicity.  TIEs involve fractionation of samples to separate chemical contaminants in the 
water sample, followed by toxicity testing of each component and detailed chemical 
analysis of the toxic fraction.  Ideally, the toxic component can be separated out from the 
surface water sample (thus eliminating toxicity) and then added back into the sample 
(thus proving that it was indeed the critical toxicant).  [Note to reviewers:  please 
correct inaccuracies in this description.]  While debate exists about the need for 
formal TIE procedures for each substance, the existence of a publication demonstrating 
the ability to identify a substance as a toxicant using the TIE approach provides 
assurance that laboratories will be able to link observed toxicity to a substance, should it 
occur.   
Of the pesticides on the study list, a formal TIE procedure has only been developed for 
carbaryl (Bailey et al., 1997).  Given the chemical similarity of malathion to other 
organophosphorous pesticides for which TIE procedures are well documented (i.e., 
                                                 
26 In conjunction with predator-induced stress, exposure to carbaryl concentrations well below the LC50 (3-
4% of the LC50) created high mortality rates in tree frog tadpoles. 
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diazinon and chlorpyrifos), it is fairly certain that malathion-caused toxicity can be 
identified (Ogle, 2002; Miller, 2002).  U.C. Davis and the private laboratory AquaScience 
are currently developing TIE methods for certain pyrethroids; however, the development 
process is far from complete (Miller, 2002).  This review did not identify any publications 
documenting TIEs finding any other study list pesticide as the toxicity source.27 
Each of the remaining study list pesticides provides a challenge for conducting TIEs, as 
summarized in Table 9-5.  When toxicity caused by these pesticides, scientists should 
be able to use existing TIE methods to rule out other toxicity sources and then use 
chemical analysis measurements28 to establish a probable toxicity cause.   



Table 9-5.  Toxicity Testing Methods for Study List Pesticides in Water 



Pesticide 
Will current toxicity 



testing methods work? 
Are TIE methods 



available? 
Pyrethroids (Bifenthrin, 
Cyfluthrin, Cypermethrin, 
Deltamethrin, Esfenvalerate, 
Permethrin) and Pyrethrins 



Losses on walls of 
toxicity testing containers 
are likely to cause false 
negative results* 



Identifying pyrethroids or 
pyrethrins as the cause of 
toxicity using a TIE 
approach is generally 
considered possible but 
has not yet been 
performed.  Material losses 
on equipment are likely to 
make TIEs difficult.  Formal 
methods are in 
development for some 
pyrethroids.*   



Malathion Yes Yes 
Carbaryl Yes Yes 
Imidacloprid Yes Will be possible to isolate 



toxicity in water-soluble 
fraction, but may be difficult 
to link toxicity specifically to 
imidacloprid. 



Piperonyl Butoxide Probably? [Need 
information from 
reviewers] 



[Need information from 
reviewers] 



*Research on these problems by U.C. Davis and AquaScience is currently in progress. 
Sources:  Ogle, 2002 and Miller, 2002. 



                                                 
27 Several publications used the correlation methods described in the next paragraph to attribute toxicity to 
other study list pesticides. 
28 Should methods with environmentally relevant detection limits become available.  Since such methods are 
currently not available for most pyrethroids or for pyrethrins, laboratories have used addition of PBO (which 
will enhance pyrethroid- and pyrethrin-caused toxicity) as a “quick and dirty” screening method. 
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10.0 REGULATORY STANDARDS 



10.1 Data Sources 
Most of the information in this section was obtained directly from the relevant regulatory 
agencies from reports, regulations, or summaries.  Information was obtained from U.S. 
Environmental Protection Agency (USEPA), California Department of Fish and Game 
(DFG), California Department of Pesticide Regulation (DPR), the California Department 
of Food and Agriculture (CDFA) [pending; not complete in this draft], the National 
Oceanic and Atmospheric Administration (NOAA), the National Academy of Sciences, 
California Air Resources Board (CARB), and California Office of Environmental Health 
Hazard Assessment (OEHHA) and the compilation of water quality goals prepared by 
the Central Valley Regional Water Quality Control Board (Marshack, 2000).  Canadian 
water quality guidelines were obtained from the Canadian Council of Ministers of the 
Environment (CCME). 



10.2 Water Quality Criteria 
There are no adopted water quality objectives for California surface waters for any of the 
study list pesticides (USEPA, 2000).  For some study list pesticides, DFG has used 
standard water quality criteria development methods (USEPA, 1985) to develop criteria.  
A search for water quality criteria from other entities was conducted to identify other 
possible reference values.  Only two additional values were identified during this search.  
Table 10-1 lists the water quality criteria identified for study list pesticides.  All values in 
Table 10-1 are based on protection of aquatic life. 



Table 10-1.  Surface Water Quality Criteria for Study List Pesticides 
Fresh Water Salt Water 



Pesticide Value Source Value Source 
Bifenthrin --  --  
Carbaryl 2.53 ppb* DFG 0.81 ppb* DFG 
Cyfluthrin --  --  
Cypermethrin 0.002 ppb  DFG --  
Deltamethrin 0.0004 ppb  Canadian 



Water 
Quality 



Guideline 



--  



Esfenvalerate --  --  
Imidacloprid --  --  
Malathion 0.43 ppb  DFG 0.34 ppb DFG 
Permethrin 0.03 ppb  DFG 0.001 ppb DFG 
Piperonyl Butoxide --  --  
Pyrethrins 0.01 ppb  National 



Academy of 
Sciences 



--  



Note:  All values are maximum concentrations (for DFG values “criterion maximum concentration”) unless 
marked with a “*” indicating that the value is also the criterion continuous concentration. 
Sources:  DFG, 1998a; DFG, 1998b; DFG, 2000; Pawlisz et al., 1998; CCME, 2002; NAS/NAE, 1973. 



Only one sediment quality guideline was identified for any of the study list pesticides—
USEPA developed a draft sediment quality advisory level for malathion of 0.067 
microgram per gram organic carbon in sediments (USEPA, 1997). 
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10.3 U.S. EPA Regulatory Status 
As explained in Section 2.4, USEPA is currently conducting two types of regulatory 
reviews of most registered pesticides: 



• USEPA must re-register any pesticide initially registered prior to November 1, 
1984 (unless the pesticide was re-registered prior to August 3, 1996).  This 
involves a complete review of the pesticide’s human health and ecological 
effects, which is documented in a Registration Eligibility Documents (REDs).  For 
pesticides that are part of a group with a common mode of action, an “Interim 
RED” (IRED) is generated until the results of a cumulative risk assessment for 
the group are available to be incorporated into a final RED. 



• USEPA must review all food-related pesticide exposures to comply with new 
standards under the Food Quality Protection Act (FQPA) by August 2006.  For 
pesticides registered prior to November 1, 1984, USEPA is integrating the FQPA 
review into the re-registration process.  For newer pesticides, USEPA is only 
conducting “tolerance reassessments” (determination of the pesticide residue 
limits in food), which do not include consideration of ecological risks. 



Table 10-2 (on the next page) provides the status (as of January 2003) of insecticides on 
the study list in USEPA’s reregistration and FQPA review processes.  To set scheduling 
priorities, USEPA divided pesticides into three groups, with the intent of completing the 
top priority reviews first.  While the prioritization has not been followed perfectly, it is 
reasonable to assume that pesticides in higher priority groups will be reviewed prior to 
pesticides in lower priority groups.  Table 10-2 notes the priority grouping for pesticides 
for which reviews have not been scheduled. 



10.4 DPR Regulatory Status 
California’s Department of Pesticide Regulation registers each pesticide product each 
year.  The California re-registration process differs greatly from USEPA’s—the process, 
as implemented by DPR, provides for an essentially automatic renewal for all pesticide 
registrations.  Should the state learn that a pesticide might be causing an adverse effect 
on humans or on California’s environment, the law calls for DPR to place the pesticide in 
“re-evaluation,” a process by which the state can require or conduct additional studies to 
determine whether the pesticide should continue to be used in California.  While a 
pesticide is in re-evaluation (a process that may take many years), it continues to 
maintain its registration for use in the state.  One of the study list pesticides—cyfluthrin—
is currently in re-evaluation due to pesticide illness reports associated with its use. 
Under California law (Food and Agricultural Code sections 13121-13130), DPR must 
regularly review the toxicology database of all registered pesticide active ingredients.  If 
DPR identifies possible adverse human health effects, then it places a pesticide on a list 
of substances for which it plans to evaluate by conducting a risk assessment.  (Normally 
these risk assessments do not include ecological assessments or risks to aquatic 
species.)  If DPR decides on the basis of the risk assessment that the use of a pesticide 
results in a significant adverse human health effect, the law requires DPR to suspend or 
cancel the pesticide.   
Because DPR identifies more pesticides requiring evaluation than it can evaluate, it sets 
priorities for conducting risk assessments.  Through this process, DPR has initiated risk 
assessments for deltamethrin, carbaryl, imidacloprid, and cyfluthrin.  DPR has 
designated the following priorities for risk assessments for other study list pesticides:   



• Esfenvalerate - High Priority 
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Table 10-2.  USEPA Registration Status for Study List Pesticides 
Pesticide USEPA Registration Status Schedule 
Bifenthrin Future food tolerance review only Anticipated by August 2006 (middle 



priority group) 
Carbaryl Currently in re-registration review.  



A cumulative risk assessment for 
carbamate pesticides is planned but 
has not been initiated. 



Preliminary risk assessment 
completed in 2002 
IRED due by June 30, 2003 
RED date uncertain (depends on 
completion of cumulative risk 
assessment) 



Cyfluthrin Future food tolerance review only Anticipated by August 2006 (middle 
priority group) 



Cypermethrin Future reregistration* Anticipated by August 2006 (top 
priority group) 



Deltamethrin Future food tolerance review only Anticipated by August 2006 (middle 
priority group) 



Esfenvalerate Future food tolerance review only Planned during 2003  
Imidacloprid Future food tolerance review only Anticipated by August 2006 (lowest 



priority group) 
Malathion Currently in re-registration.  A 



cumulative risk assessment for 
organophosphorous pesticides is 
nearly complete. 



Revised risk assessment completed 
2000 
IRED anticipated in 2003 
RED date uncertain (depends on 
completion of cumulative risk 
assessment) 



Permethrin Future reregistration* Planned during 2003 
Piperonyl 
Butoxide 



Future reregistration Anticipated by August 2006 (middle 
priority group) 



Pyrethrins Future reregistration* Anticipated by August 2006 (middle 
priority group) 



*Pyrethroids that are candidates for reregistration are likely to be evaluated cumulatively as well as 
individually.  USEPA has not announced a timeline for pyrethroid reregistrations. 
Source:  USEPA registration status information (USEPA, April 2002 and January 2003). 
 



• Cypermethrin - Moderate Priority 



• Permethrin - Moderate Priority 



• Pyrethrins - Moderate Priority 



• Piperonyl butoxide - Low Priority 
In 1987, DPR completed a risk assessment for malathion.  Between 1991 and 1997, 
DPR completed five smaller risk assessments on individual products or uses of 
bifenthrin.   



10.5 Other Regulatory Agency Activities Related to Study List 
Pesticides 
Pesticides may appear on a variety of regulatory lists that may trigger regulatory actions 
that affect use of a pesticide.  The following lists were reviewed to determine the status 
of study list pesticides: 
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• Proposition 65 (Prop. 65)—List of chemicals known to the state of California to 
cause cancer or reproductive toxicity. 



• Air Toxics "Hot Spots" Information and Assessment Act List (AB 2588 Toxic Air 
Pollutant List)—Implementation of this act required the state to develop a list of 
chemical substances that may pose a threat to public health when present in the 
ambient air. 



• Toxic Air Contaminant Identification List—Under California’s Toxic Air 
Contaminant Identification and Control Act (AB 1807), the state uses a risk 
assessment process to identify substances as toxic air contaminants. 



• Office of Pesticide Programs (OPP) List of Chemicals Evaluated for Carcinogenic 
Potential—USEPA reviews data relating to pesticide toxicity to determine 
potential for carcinogenicity and classifies pesticides accordingly. 



• Birth Defects Prevention Act List—California’s Birth Defects Prevention Act (SB 
950) required DPR to develop a list of the top 200 pesticides that DPR 
determined to have the most significant data gaps, widespread use, and which 
were suspected to be hazardous to people.29  The Act required DPR to call in 
missing data on these 200 pesticides.  All required data has been submitted for 
all currently registered pesticides.  



• DPR Groundwater Protection List—DPR must create a list of pesticides having 
the potential to pollute ground water.30 



Table 10-3 summarizes the status of study list pesticide in regard to the above lists. 



                                                 
29 California Code of Regulations, Division 6. Pesticides and Pest Control Operations, Chapter 2. Pesticides, 
Subchapter 1. Pesticide Registration, Article 3. Supplemental Data Requirements, Section 6198.5. List of 
Active Ingredients Identified Pursuant to Section 13127. 
30 California Code of Regulations, Division 6. Pesticides and Pest Control Operations, Chapter 4.  
Environmental Protection, Subchapter 1.  Groundwater Article 1.  Pesticide Contamination Prevention, 
Section 6800. Groundwater Protection List. 
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Table 10-3.  Regulatory Status of Study List Pesticides 



Pesticide 
Prop.



65 



Birth Defects 
Prevention Act 



List 



DPR 
Groundwater 
Protection list 



AB 2588 
Toxic Air 
Pollutant 



Toxic Air 
Contaminant 



USEPA OPP Carcinogen 
Evaluation 



Bifenthrin — — — — — Possible Human Carcinogen 
(Group C)a 



Carbaryl — X X List A-I Listed Possible Human Carcinogen 
(Group C) 



Cyfluthrin — — — — — Not likely to be carcinogenic to 
humans 



Cypermethrin — — — — — Possible Human Carcinogen 
(Group C) 



Deltamethrin — — — — — Not evaluated 
Esfenvalerate — — — — — Evidence of non-carcinogenicity for 



humans (Group E) 
Imidacloprid — — X — — Evidence of non-carcinogenicity for 



humans (Group E) 
Malathion — X — — Candidateb Suggestive evidence of 



carcinogenicity but not sufficient to 
assess human carcinogenic potential 



Permethrin — X — — Candidateb Possible Human Carcinogen 
(Group C) 



Piperonyl Butoxide — X — — Candidateb Possible Human Carcinogen 
(Group C) 



Pyrethrins — X — — Candidateb Likely to be carcinogenic to humans 
“—“ means that the substance is not listed.  “X” means that it is listed. 
aUSEPA OPP formerly assigned group designations to various carcinogenicity designations.  Recent classifications use descriptive terminology instead of the group 
classification. 
bAll pesticides on SB 950 list were automatically placed on the AB 1807 list for future evaluation. 
Source:  Compiled from regulatory agency sources listed in text. 
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11.0 ENVIRONMENTALLY RELEVANT CONCENTRATIONS 
To evaluate the importance of the presence of a pesticide in surface water, a 
comparison threshold is needed.  Since the purpose of this analysis is predictive 
(evaluation of what effects may occur in the future) rather than retrospective, it will not 
be possible to rely simply on environmental monitoring data to estimate potential risks 
associated with use of the study list pesticides.  Instead, the analysis will need to rely, in 
part, on comparison of estimates to a threshold concentration value.  Given the 
limitations of available data (for example, the lack of water quality criteria for most study 
list pesticides), this report uses an “environmentally relevant concentration” as the 
comparison value.  The “environmentally relevant concentration” is intended to be a 
concentration above which adverse effects to aquatic ecosystems may occur—and 
below which aquatic ecosystems should be minimally impacted.  This section describes 
the selection of the environmentally relevant concentrations for each study list pesticide. 



11.1 Data Sources 
This section uses the aquatic toxicity data in Section 9 and the water quality criteria in 
Section 10.  The two referenced sections describe the limitations of the available data 
and note data gaps. 



11.2 Approach to Selecting Environmentally Relevant 
Concentrations 
Water quality professionals typically rely on water quality criteria to determine the 
environmental relevance of the presence of a chemical in a discharge or a surface water 
body.  The U.S. Environmental Protection Agency (USEPA) has developed numerous 
water quality criteria.  States may also develop their own water quality criteria, which is 
particularly desirable when special situations in a water body alter the environmental 
effects of a pollutant.  Since adopted criteria—or in their absence, criteria developed for 
non-regulatory purposes using USEPA’s standard methods—are the preferred reference 
values, these are considered preferred values for purposes of this report.  While Section 
10 notes water quality criteria from Canada and from the National Academy of Sciences, 
these criteria were developed by very different methods—and for this reason, are not 
considered “preferred values.” 
In the absence of water quality criteria, it is necessary to look to the aquatic toxicity data 
on which water quality criteria would be based.  The first step in developing water quality 
criteria is to evaluate acute toxicity data like concentrations lethal to 50% of test 
organisms (LC50s).  A review of available chronic toxicity data forms the basis for 
developing an acute-to-chronic ratio.  Since relatively few chronic toxicity data are 
available for study list pesticides, this analysis relies on acute toxicity data.  In general, 
the water quality criteria development process winds up setting criteria that are 
somewhat lower than the lowest acute toxicity value.  Therefore, it is a reasonable 
approach to select the lowest LC50 values as the environmentally relevant concentration 
in the absence of a water quality criterion. 



11.3 Environmentally Relevant Concentrations 
Using the approach described above, the concentration values in Table 11-1 were 
selected as the environmentally relevant concentrations for purposes of this analysis.  
Given the extensive data gaps in aquatic toxicity testing, it is entirely possible that 
concentrations below these values have environmental effects.  Nevertheless, the 
weight of the current evidence suggests that these values are a reasonable starting point 
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for a qualitative evaluation of the potential for aquatic risk from urban use of study list 
pesticides. 



Table 11-1.  Environmentally Relevant Concentrations for Study List Pesticides 
Fresh Water Salt Water 



Pesticide Concentration 
(ppb) Source 



Concentration 
(ppb) Source 



Bifenthrin 0.07 Ceriodaphnia dubia 
48-H LC50 



0.00397 Americamysis bahia 
96-H LC50 



Carbaryl 2.53 DFG 0.81 DFG 
Cyfluthrin 0.14 Ceriodaphnia dubia 



48-H LC50 
0.00242 Americamysis bahia 



96-H LC50 
Cypermethrin 0.002 DFG  0.005 Americamysis bahia 



96-H LC50 
Deltamethrin 0.01 Daphnia magna 96-H 



LC50 
 



0.017 Americamysis bahia 
96-H LC50 



Esfenvalerate 0.07 Oncorhynchus 
mykiss 96-H LC50 



0.038 Americamysis bahia 
96-H LC50 



Imidacloprid 10,440 Daphnia magna 48-H 
LC50 



34 Americamysis bahia 
96-H LC50 



Malathion 0.43 DFG  0.34 DFG  
Permethrin 0.03 DFG  0.001 DFG  
Piperonyl 
Butoxide 



2.4 Oncorhynchus 
mykiss 96-H LC50 



1.25 Penaeus duorarum 
96-H LC 50 



Pyrethrins 5.2 Oncorhynchus 
mykiss 96-H LC50 



1.4 Americamysis bahia 
96-H LC50 



Source:  Water quality criteria (if available) from Section 10 or lowest toxicity value from Section 9; see text 
description of selection process. 



Some of the analysis in this report includes comparison to diazinon and chlorpyrifos.  For 
chlorpyrifos the environmentally relevant concentrations were based on the adopted 
USEPA water quality criteria.  For diazinon, since there are no adopted USEPA criteria, 
the DFG water quality criterion was used for fresh water (DFG, 2000), and since there is 
no DFG salt water value, the salt water value was based on the draft USEPA salt water 
quality criterion (USEPA, 1998).  The “criterion maximum concentration” values were 
used for consistency with the values used for the study list pesticides.  These values are 
as follows: 



Table 11-2.  Environmentally Relevant Concentrations for Diazinon and 
Chlorpyrifos 



Fresh Water Salt Water 
Pesticide Concentration 



(ppb) Source 
Concentration 



(ppb) Source 
Chlorpyrifos 0.083 USEPA 0.011 USEPA 
Diazinon 0.08 DFG 0.82 USEPA 



Source:  Water quality criteria (see text). 
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12.0 CHEMICAL ANALYSIS 
To determine the presence of a pesticide in surface water, a chemical analysis method 
must be available.  For a chemical analysis method to be generally useful to water 
quality professionals, it should be designed such that a competent analytical laboratory 
can readily conduct precise and accurate measurements of the substance in 
environmental water samples with detection limits that are well below environmentally 
relevant levels.  As explained below, for most of the pesticides on the study list, there is 
no analytical method currently available that meets these criteria.   



12.1 Data Sources 
Five regulatory agency chemical analytical methods sources were consulted for this 
review: 



• U.S. EPA Approved Analytical Methods for Water and Wastewater.  The primary 
source for water quality chemical test methods is the U.S. EPA, which has 
approved laboratory methods for the analysis of surface water and wastewater 
samples.  USEPA publishes almost all of these methods as regulations.31  
Competent analytical laboratories rely on these methods, which are generally 
considered the primary method for analysis of water pollutants.   



• Pesticide Registrant Methods.  Under FIFRA, pesticide registrants are required to 
submit to U.S. EPA an analytical method for measuring each registered pesticide 
in foods and water samples.  Hard copies of these methods are available from 
the U.S. EPA Pesticide Program Environmental Chemistry Laboratory.  Because 
only about 25% of these methods have been evaluated by U.S. EPA’s 
laboratory,32 it is uncertain whether a competent analytical laboratory can 
produce satisfactory analytical results with one of these methods.   



• California Department of Food and Agriculture (CDFA).  CDFA’s laboratory 
supports the California Department of Pesticide Regulation water quality 
monitoring programs.  [additional information from CDFA is pending] 



• California Department of Fish and Game (DFG).  The DFG laboratory supports a 
variety of California water quality monitoring programs.  



• U. S. Geological Survey (USGS).  To support its extensive surface water quality 
monitoring programs, USGS develops and publishes its own analytical methods 
for pollutants in surface water.  



In addition, commercial immunoassay product information was reviewed to identify 
immunoassay methods applicable to surface water samples containing study list 
pesticides.   



12.2 Existing Analytical Methods for Study List Pesticides in Water 
Table 12-1 summarizes the currently available analytical methods for study list 
pesticides.  Currently, U.S. EPA (whose methods are generally relied on for water quality 
regulatory actions) does not have any approved method for measuring bifenthrin, 
cypermethrin, deltamethrin, imidacloprid, or piperonyl butoxide.  When no USEPA-
approved method exists, scientists commonly seek to obtain a copy of the method 



                                                 
31 See the U.S. EPA Internet site for details:  http://www.epa.gov/waterscience/methods/ 
32 U.S. EPA’s description of the methods notes that some methods have deficiencies and that the 
Environmental Chemistry Laboratory makes no claim of method validity (Flynt, June 5, 2002.) 
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required to be provided to U.S. EPA by the pesticide registrant.  However, USEPA 
records of pesticide registrant-supplied methods do not include methods for three of the 
five pesticides without U.S. EPA-approved methods (bifenthrin, deltamethrin, or 
piperonyl butoxide).33 



Table 12-1.  Chemical Analysis Methods for Study List Pesticides in Watera 
U.S. EPA Approved 



Method Other Methods 
Pesticide 



Method 
Number 



Method 
Detection 



Limit (ppb) 
Analytical Technique 



Method 
Detection 



Limit (ppb)b 
Bifenthrin -- -- CDFA Method 



DFG Method 
USGS is developing a methodc 



0.05 
0.02 



Carbaryl 632 0.02 Immunoassay reported in literature 0.01 
Cyfluthrin 1660 2 Registrant method 



USGS and DFG are developing 
methodsc 



0.01 



Cypermethrin -- -- USGS and DFG are developing 
methodsc 



 



Deltamethrin -- --  -- 
Esfenvalerate 1660 2 Registrant method 



USGS and DFG are developing 
methodsc 



Immunoassay reported in literature 



0.05 
-- 



0.1 



Imidacloprid -- -- Registrant method 
EnviroLogix immunoassay kitd 



Immunoassay reported in literature 



0.05 
0.2 



0.5-1 
Malathion 1657 0.011 USGS published method 0.0059 
Permethrin 508.1 0.007-0.008 USGS and DFG are developing 



methodsc 



Immunoassay reported in literature 



-- 
0.002 



Piperonyl 
Butoxide 



-- -- USGS published method 0.0059 



Pyrethrins 1660 1 Registrant method 0.01 to 0.06 
aWhere multiple methods exist from the same source, the method with the lowest detection limit is 
described. 
b Most of these are not a true method detection limit.  Methods described this value in a variety of ways, 
such as “selected as the quantitation limit,” “minimum detectable concentration,” “routine limit of 
determination, and “limit of quantitation.”  
cMethods for bifenthrin, cyfluthrin, lambda-cyhalothrin, cypermethrin, esfenvalerate, and permethrin are in 
development according to Kuivila et al., 2001.  DFG (in partnership with USGS) is developing methods for 
cyfluthrin, cypermethrin, esfenvalerate, fenvalerate, permethrin and resmethrin (Crane, 2003). 
dActual laboratory performance may differ from the vendor claims, and kit design may affect practical 
usability of these methods for water samples (Miller, 2002). 
Sources:  U.S. EPA, Methods and Guidance for the Analysis of Water, Version 2, May 1999 (confirmed that 
these are most current methods); pesticide registrant methods obtained from the U.S. EPA Pesticide 
Program Environmental Chemistry Laboratory (Flynt, 2002); CDFA, 1999; Crane, 2003, Zimmerman et al., 
2001; Shan et al., 2000; Shan, et al., 1999; Lee, et al., 2001; Abad and Montoya, 1997. [additional 
information from CDFA is pending] 
 



                                                 
33 Due to record keeping problems at U.S. EPA, it is not clear if these methods were ever submitted to OPP 
(Flynt, June 5 and June 10, 2002.) 
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The methods identified in Table 12-1 involve rather time-consuming laboratory work by 
skilled chemists, which means that these methods are relatively expensive.  Use of such 
methods for screening large volume samples to obtain low detection limits (e.g., parts 
per trillion) is difficult (Shan et al., 2000).  Cost saving opportunities are few for this 
group of insecticides.  For example, although pyrethroids are a family of chemically 
related substances, methods for most pyrethroids differ—no single method exists to 
conduct a “scan” for this family of chemically related substances. 
Immunoassays show great promise for analysis of pesticides, as immunoassay methods 
have great specificity for the substance being measured, are often relatively easy to use, 
and have the potential to offer relatively low detection limits (on the part per trillion level).  
For example, San Francisco Bay Area water quality programs found immunoassay 
methods highly valuable for rapid, low-cost analysis of urban runoff and surface water for 
diazinon and chlorpyrifos.  To date, two immunoassays have been developed and 
commercialized by a private vendor (EnviroLogix, Inc.) for study list pesticides (for 
imidacloprid and for certain pyrethroids as a group).34   



12.3 Chemical Analysis Methods in Development 
Due to the limitations of available methods, research is currently underway to develop 
better chemical analysis methods for some study list pesticides, as noted in Table 12-1.  
Some examples of such research include: 



• USGS and DFG Method Development.  The U.S. Geological Survey (USGS) and 
the California Department of Fish and Game (DFG) have been developing low 
detection limit methods for the analysis of pesticides in water. 



• Immunoassay Method Development.  While few enzyme-linked immunosorbent 
assays (ELIZAs) have been commercialized, development of immunoassay 
methods for study list pesticides is a research focus for scientists like Professor 
Bruce Hammock and colleagues at U.C. Davis (Shan et al., 2000; Shan et al., 
1999; Lee et al., 2001.; Li and Li, 2000; Abad and Montoya, 1997). 



Despite the lack of methods from an official source for deltamethrin and cypermethrin, it 
is very likely that research-level methods exist for the analysis of these pesticides, as 
manufacturers and research scientists need them for their work.   



12.4 Sample Handling Procedures 
When collecting and handling water samples for pesticide analysis, container selection 
and sample management are always issues.  While analytical chemists have developed 
standard sample collection and handling methods to avoid sample contamination or 
analyte losses, researchers have identified special problems with handling of pyrethroid-
containing samples (Kuivila et al., 2001; Miller, et al., 2002; Lee et al., 2002).  The 
primary issue is that because pyrethroids interact with sampling equipment and sample 
containers, the measured concentration in the sample can be significantly lower than the 
environmental concentration of the pesticide.  To address this, it will be necessary to 
                                                 
34  The vendor states that the Imidacloprid Microwell Plate Assay is intended for analysis of imidacloprid in 
ground and surface water samples at concentrations of 0.2 to 6 ppb.  The assay does not claim to provide 
exceptionally precise analytical results, with the coefficient of variation of measured sample concentrations 
claimed to be from about 2 to 7%.  The Synthetic Pyrethroids Microwell Place Assay was intended for 
analysis of certain pyrethroids (cyfluthrin, deltamethrin, cypermethrin, and lambda-cyhalothrin) in methanol 
extracts (e.g., extracts of surface water samples).  It was designed to measure cyfluthrin concentrations of 
20 to 80 ppb; other pyrethroid concentrations are approximated with the cyfluthrin calibration.  The assay 
was not designed to distinguish among detected pyrethroids.  The assay experiences interferences from 
other pyrethroids. 











Insecticide Market Trends And Potential Water Quality Implications    DRAFTDRAFTDRAFTDRAFT 



DRAFTDRAFTDRAFTDRAFT 65  



develop appropriate sampling and storage procedures for environmental samples that 
may contain pyrethroids. 



12.5 Practical Data Quality Issues 
Comparing the available chemical analysis methods to the environmentally relevant 
concentrations identified in Section 11 reveals that current methods do not provide the 
ability to detect environmentally relevant concentrations of many study list pesticides in 
surface waters (see Table 12-2).  Adequate methods do not exist for bifenthrin, 
cyfluthrin, cypermethrin, deltamethrin, esfenvalerate, imidacloprid, and permethrin.  
Fortunately, USGS and DFG have funding to develop lower detection limit methods for 
most of these pesticides.  No organization was identified with firm plans for developing 
low detection limit methods for deltamethrin or imidacloprid. 



Table 12-2.  Comparison of Environmentally Relevant Concentrations for Study 
List Pesticides to Lowest Chemical Analytical Method Detection Limit 



Pesticide 



Lowest 
Environmentally 



Relevant 
Concentration 



(ppb)a 



Lowest USEPA, USGS, 
or CDFA-Approved 
Chemical Analytical 



Method Detection Limit 
(ppb) 



Adequate 
Method Exists 



for Surface 
Water Quality 



Analysisb 



Method 
Development 
in Progressc 



Bifenthrin 0.00397 0.02 No Yes 
Carbaryl 0.81  0.02 Yes -- 
Cyfluthrin 0.00242  2 No Yes 
Cypermethrin 0.002  No approved method No Yes 
Deltamethrin 0.01  No approved method No -- 
Esfenvalerate 0.038  2 No Yes 
Imidacloprid 34 No approved method No -- 
Malathion 0.34  0.0059 Yes -- 
Permethrin 0.001  0.007-0.008 No Yes 
Piperonyl 
Butoxide 



1.25  0.0059 Yes -- 



Pyrethrins 1.4 1 Yes -- 
aLowest water quality standard or lowest LC50 value from Ecotox (Acquire) database. 
bAgency-approved methods have detection limits lower than environmentally relevant concentration (based 
on lowest water quality standard or LC50 value).  Ideally, analytical methods should have detection limits at 
least ten times lower than the environmentally relevant concentration. 
cMethods for bifenthrin, cyfluthrin, lambda-cyhalothrin, cypermethrin, esfenvalerate, and permethrin are in 
development according to Kuivila, K. K., Pedersen, T. L., Houston, J. R., von Phul, P. D., and L. A. LeBlanc, 
“Pyrethroid Insecticides in the San Francisco Estuary:  II.  Sampling and Analytical Challenges,” San 
Francisco Estuary, Achievements, Trends, and the Future, abstracts from the 5th Biennial State of the 
Estuary Conference, October 9-11, 2001.  DFG is developing methods for cyfluthrin, cypermethrin, 
esfenvalerate, fenvalerate, permethrin and resmethrin (Crane, 2003). 
Sources:  Tables 11-1, 12-1, and references cited above. 
 
The practical application of the methods described in this section may not achieve the 
detection limits listed in Table 12-1.  Environmental samples are substantially different 
than the pure laboratory samples used to develop chemical analysis and toxicity testing 
methods.  Detection limits in environmental samples are likely to be higher than the 
values listed in this section, primarily because substances other than the analyte can 
interfere with the ability to conduct chemical analysis of water samples.  Such 
interferences are particularly common in wastewater samples, but may also occur in 
surface water and runoff samples.  While chromatographic methods (most of the 
chemical analysis methods described in this section) are particularly subject to 
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interferences, immunoassay methods can also experience interferences from other 
elements in environmental samples—for example, oil and grease in first flush 
stormwater runoff samples have proven problematic (Miller, 2002).   
Only field validation of the methods can determine the ability of these methods to 
provide desired information in environmental samples.  For example, field validation is 
essential to determine the practical quantification limits for pesticides in surface water 
and wastewater samples.  Some of the methods discussed in this section have been 
validated with surface water samples—but most have not.   
Different analytical methods can provide different pieces of information about 
environmental samples.  Depending on the purpose of the testing, method-specific 
differences can be either useful or misleading.  For example, immunoassays are often 
not specific to one analyte—this can preclude identifying which of a group of chemically 
similar substances was measured—but occasionally allows measurement of degradates 
that have similar toxicity.  Immunoassays typically measure only dissolved substances in 
a sample—special sample preparation (e.g., solvent extraction) must be conducted for 
measurement of particle-bound substances. 
Due to the shortcomings of sample handling methods and chemical analysis methods for 
pyrethrins and pyrethroids, literature reporting of surface water concentration 
measurements and toxicity testing should be reviewed carefully and treated cautiously:   



• Losses in containers may cause scientists to report artificially low concentrations. 



• Given that detection limits are generally somewhat higher than environmentally 
relevant concentrations, “non-detect” results do not necessarily mean that 
environmentally relevant concentrations of the pesticide are not present. 
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13.0 EVALUATION OF POTENTIAL WATER QUALITY IMPLICATIONS 
The approach to this analysis is to assess the potential for urban use of study list 
pesticides to cause surface waters receiving urban runoff to exceed the “environmentally 
relevant concentration” identified in Section 11.  Although this is a qualitative evaluation, 
it proceeds through each of the same steps that a quantitative environmental risk 
assessment would consider: 



• What are the pesticide application rates? 



• What fraction of the pesticide may decompose at typical urban application sites? 



• What is the potential for the pesticide to be washed from urban application 
locations into surface water? 



• What is the fate of the pesticide once it reaches surface water? 
The final step is to use the qualitative analysis—together with available aquatic toxicity 
and surface water data—to assess the weight of the evidence as to the potential for the 
pesticide to exceed the environmentally relevant concentration for an environmentally 
relevant time period.  If so, it is likely that adverse to aquatic ecosystems receiving urban 
runoff will occur. 



13.1 Data Sources 
This section relies on the pesticide use and chemical property data presented in earlier 
sections of this report.  Most of the other information in this section was obtained from 
the scientific literature, primarily from technical journals.  Surface water quality and 
toxicity data came from the U.S. Geological Survey National Water Quality Assessment 
(USGS NAWQA), the California Department of Pesticide Regulation (DPR) and 
published papers in scientific journals.   
Environmental fate information was obtained from basic reference books on pyrethroids, 
pyrethrins, and piperonyl butoxide (Leahey, 1985; Jones, 1998; Casida and Quistad, 
1995), DPR environmental fate reviews (Fecko, 1999; Casjens, 2002; Bacey, 2000; Xu, 
2000; Goh, 1990; Jones, 1999), and journal articles considering environmental fate of 
deltamethrin and esfenvalerate (Pawlisz et al, 1998; Samsoe-Petersen et al., 2001).  A 
few U.S. Environmental Protection Agency (USEPA) studies specific to study list 
chemicals were also consulted (USEPA, undated; USEPA, 2000; USEPA, 2002).  



13.2 Available Ambient Aquatic Toxicity and Surface Water Quality 
Data 
The scientific literature was reviewed to identify examples of surface water quality 
monitoring and aquatic toxicity testing of environmental samples containing study list 
pesticides.  While rather extensive monitoring data for carbaryl and malathion exists, it 
appears that relatively little monitoring has considered other study list pesticides.  The 
lack of convenient chemical analysis methods at environmentally relevant 
concentrations, as well as the relative recent entry of most other study list pesticides in 
widespread use probably contribute to the lack of information.  Table 13-1 summarizes 
the findings of the literature review. 
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Table 13-1.  Summary of Surface Water Concentration and Toxicity Data  
for Study List Pesticides 



Pesticide Findings 
Carbaryl In the USGS NAWQA studies, carbaryl was found in about 40% of 



urban stream samples and exceeded a North American aquatic life 
criterion in 10% of samples from 8 urban streams (Gilliom et al., 1999; 
Hoffman et al., 2000).   



Imidacloprid Imidacloprid runoff from turf plots had concentrations as high as 
490 ppb (Ambrust and Peeler, 2002). 



Malathion In the USGS NAWQA studies, malathion was found in more than 20% 
of urban surface water samples; more than 50% of sampled urban 
streams had at least one sample exceeding a North American aquatic 
life criterion (Gilliom et al., 1999; Hoffman et al., 2000).   
Malathion was detected in many Southern California surface water and 
storm water runoff samples.  Its presence in runoff from Southern 
California urban and integrated (combined urban and agricultural) sites 
and in surface waters receiving nursery runoff was linked to surface 
water runoff toxicity (Kim et al., 2001). 
A survey of pesticides in Brazilian surface waters detected malathion 
in about a quarter of rivers samples taken in the northeastern Pantanal 
Basin (Laabs et al., 2002). 



Pyrethroids 
(Bifenthrin, 
Cyfluthrin, 
Cypermethrin, 
Deltamethrin, 
Esfenvalerate, 
Permethrin) 



Bifenthrin was detected in many Southern California surface water and 
storm water runoff samples.  In surface waters receiving runoff from 
Southern California nurseries, bifenthrin has been linked to surface 
water runoff toxicity (Kim et al., 2001). 
Storm water runoff from an orchard treated with esfenvalerate was 
highly toxic to Pimephales promelas (fathead minnow) and 
Ceriodaphnia dubia (water flea) (Werner et al., 2002). 
In river draining a South African region with intensive agriculture, 
deltamethrin was detected at a level of 1.4 ppb during a rainstorm.  
Cypermethrin, fenvalerate, and cyfluthrin were not detected 
(Dabrowski et al., 2002). 
A survey of pesticides in Brazilian surface waters (northeastern 
Pantanal Basin) did not detect cyfluthrin, deltamethrin, or permethrin, 
but cypermethrin and permethrin were found in rainwater (Laabs et al., 
2002). 
Early NAWQA investigations did not detect permethrin (Hoffman et al., 
2000); however, recent data only available on the Internet shows it 
was detected in four urban watersheds at concentrations up to 0.011 
µg/l (USGS, 2002).35 
Permethrin runoff from an agricultural field in a low rainfall year had 
concentrations from 0.023 to 0.2 ppb.  In a high rainfall year, 
concentrations were generally much higher, with measurements as 
high as 4.4 ppb (Carroll et al., 1981). 



                                                 
35 Testing was only for the cis isomer, which is the more stable isomer. 
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Table 13-1.  Summary of Surface Water Concentration and Toxicity Data  
for Study List Pesticides (Continued) 



Pesticide Findings 
Pyrethrins Runoff from agricultural test plots contained 0.020 to 0.036 ppb of 



pyrethrins in runoff from storms up to 45 days after application 
(Antonious et al., 1997).   



Piperonyl 
Butoxide 



An environmental risk assessment prepared by PBO manufacturers 
estimated that surface water PBO concentrations could reach 5.77 ppb 
for 96 hours (Jones, 1998). 
Piperonyl butoxide (PBO) is frequently found in surface water samples 
(Pedersen, 2001). [seeking additional information] 
An investigation of runoff from agricultural test plots did not detect PBO 
(detection limit 0.075 ppb) (Antonious et al., 1997). 



Source:  TDC Environmental literature review; individual data sources cited in table. 



13.3 Application Rates 
Since the purpose of this investigation is to explore the consequences of potential 
increased use of study list pesticides as substitutes for urban uses of diazinon and 
chlorpyrifos, current pesticide use data (see Section 8) are only somewhat relevant.  To 
explore the question of whether future use has the potential to release environmentally 
meaningful quantities of a study list pesticide in an urban watershed, application 
quantities and environmentally meaningful concentrations were compared with an 
“application rate index” developed for purposes of this report.  The application rate index 
provides a convenient method for comparing study list pesticides to other pesticides 
known to be applied in environmentally relevant quantities (e.g., diazinon and 
chlorpyrifos). 
The application rate index was created as follows: 



1. Calculate the application quantity for 1,000 square feet.  On the basis of typical 
label instructions, the amount of active ingredient applied per 1,000 square feet 
was determined.36  When application rates instructions differed by application 
location, the rate for application types similar to those found most likely to 
contribute to urban runoff of diazinon and chlorpyrifos (applications to impervious 
surfaces, such as applications around buildings to control ants) was selected. 



2. Calculate the quantity of pesticide active ingredient in 1,000,000 gallons of water 
at the environmentally relevant concentration.37 



3. Calculate the application rate index by dividing #1 by #2.   
The application rate index is the amount of water, in millions of gallons, that would reach 
the environmentally relevant concentration if 100% of the applied pesticide washed off 
one 1,000 square foot pesticide application.  Table 13-2 shows the calculated application 
rate indexes for study list pesticides, as well as for diazinon and chlorpyrifos. 



                                                 
36 1,000 square feet is on the order of a typical urban residential application surface area (e.g., a band 
around a building to control ants or a full lawn treatment for grubs). 
37 San Francisco Bay area urban creek flows depend on many factors including watershed size and rain 
volumes.  Most creek flows are in the range of a less than one to a few million gallons per day (dry weather) 
to more than 50 or 100 million gallons per day (significant rain event). 
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Table 13-2.  Application Rate Indexes for Study List Pesticides 
Pesticide Fresh Water Salt Water 
Bifenthrin 10-20 175-350 
Carbaryl 3-22 4-30 
Chlorpyrifos 35-200 270-1,500 
Cyfluthrin 0.3-3 15-190 
Cypermethrin 1,500-3,000 600-1,200 
Deltamethrin 300-460 7-11 
Diazinon 170 16 
Esfenvalerate 1.2-10 2.2-18 
Imidacloprid 0.0001 0.03 
Malathion 71-90 640-810 
Permethrin 48-800 1,440-24,000 
Piperonyl Butoxide 0.07 0.14 
Pyrethrins 2-14 0.01-0.1 
Source:  TDC Environmental calculation (see text). 



Since spills could contribute to environmental releases of study list pesticides, a similar 
calculation was conducted to compare the quantity of active ingredient in one quart of a 
typical study list pesticide product (typically a concentrate) to the quantity of pesticide 
active ingredient in 1,000,000 gallons of water at the environmentally relevant 
concentration.  This “container quantity index” is the amount of water, in millions of 
gallons, that would reach the environmentally relevant concentration if 100% of the 
pesticide active ingredient in one typical one-quart container were spilled and 100% of it 
flowed to surface water.  Table 13-3 shows the calculated container quantity indexes for 
study list pesticides, as well as for diazinon and chlorpyrifos. 



Table 13-3.  Container Quantity Indexes for Study List Pesticides 
Pesticide Fresh Water Salt Water 
Bifenthrin 340 6,000 
Carbaryl 59 81 
Chlorpyrifos 530 4,000 
Cyfluthrin 460 26,000 
Cypermethrin 56,000 22,000 
Deltamethrin 16,000 384 
Diazinon 780 76 
Esfenvalerate 19 35 
Imidacloprid 0.01 2 
Malathion 570 5,100 
Permethrin 2,600 77,000 
Piperonyl Butoxide 9 17 
Pyrethrins 1,000 8 
Source:  TDC Environmental calculation (see text). 



Tables 13-2 and 13-3 show that a single typical urban residential application of a study 
list pesticide—as well as a single typical residential product container—contains 
environmentally meaningful quantities of most study list pesticides.  Most study list 
pesticides are applied at relative rates that are similar to pesticides that have previously 
been found in urban surface waters at environmentally relevant concentrations 
(diazinon, chlorpyrifos, carbaryl, and malathion).  Only imidacloprid, which is less toxic to 
aquatic species, is sold and applied in relatively small quantities.  
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13.4 Environmental Fate on Outdoor Urban Application Locations 
In the urban environment, a pesticide may break down into other chemicals due to the 
effects of environmental elements like light, water, and microbial activity.  A pesticide 
may dissolve in water that flows over it.  A pesticide may bind to environmental materials 
like soil or stream sediments.  These changes reduce the amount of the pesticide that 
may eventually be washed to surface waters. 
In this report, a qualitative overview of the fate of the study list pesticides in the most 
environmentally relevant urban settings is provided in three parts.  This subsection looks 
at the fate of the pesticide on outdoor urban surfaces—particularly impervious surfaces.  
Outdoor applications on impervious surfaces were previously found to be the likely 
source of most of the diazinon and chlorpyrifos in urban runoff (TDC Environmental, 
2001).  The tendency of a pesticide to wash off from surfaces is discussed in Section 
13.5.  Section 13.6 reviews the fate of study list pesticides once they reach urban 
surface waters. 
Carbaryl and Malathion.  Microbial activity plays a major role in the decomposition of 
both carbaryl and malathion on outdoor surfaces.  On impervious surfaces (where little 
microbial activity occurs), both carbaryl and malathion would be expected to decompose 
sufficiently slowly that a meaningful fraction would remain long enough to be washed off 
by rain or other flows.  In landscaping, however, both pesticides should decompose 
more quickly (particularly on soil), suggesting that releases from landscaping would be 
relatively less. 
Pyrethroids.  Pyrethroids are somewhat stable after application to outdoor surfaces.  
Microbial activity appears to play a significant role in decomposition, as decomposition 
rates on aerobic soils are higher than those in anaerobic or sterile conditions.  This 
suggests that on impervious surfaces, a meaningful fraction of applied pyrethroids would 
likely remain long enough to be washed off by rain or other flows.  Even in landscaping, 
decomposition rates are likely to be slow enough that a significant fraction of applied 
pyrethroids may remain when rain or other water flows from landscaping may occur. 
Pyrethrins and Piperonyl Butoxide.  In sunlight, pyrethrins and PBO both decompose 
relatively quickly, suggesting that they may decompose prior to wash-off unless they are 
applied immediately prior to rain or other water flows (e.g., by irrigation runoff) (Casida 
and Quistad, 1995; Jones, 1998).  The rapid photodecomposition of pyrethrins quickly 
eliminates the “residual” often desired for long-term insect control around structures and 
is a primary reason that pest control companies promote photostable synthetic 
pyrethroids.  In landscaping, where pyrethrins and PBO are present on surfaces not fully 
exposed to sunlight, both decompose with half-lives of a few weeks, suggesting that a 
fraction of the applied material will be available to wash off. 
Imidacloprid.  After application, imidacloprid should be sufficiently stable on both 
impervious surfaces and landscaping that a large fraction the pesticide will remain long 
enough to be washed off by rain or other water flows. 



13.5 Transport from Outdoor Application Locations to Surface Water 
Impervious Surfaces 
Only two studies quantifying pesticide wash-off from outdoor impervious surfaces were 
identified, neither of which evaluated study list pesticides: 
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• Alameda County found that 11% of diazinon active ingredient washed off paved 
test plots in a series of model rainstorms (total 2.6 inches of rain) (Feng and 
Scanlin, 2001). 



• A British university measured herbicide wash-off from impervious surfaces next 
to roads (Ramwell et al., 2002).  Wash-off fraction from a total of 25 mm rainfall 
(several storms) were as follows:  Atrazine—20% and 73% (two tests with 
different rainfall patterns); Diuron—66%, Glyphosate—35%, Oryzalin—4%, 
Oxadiazon—6%. 



Several studies measured pesticide-wash-off from surfaces somewhat analogous to 
urban impervious surfaces.  Three such studies are relevant to this analysis—two of 
study list pesticide wash off from plant leaves, and for comparison, a study of diazinon 
wash-off from glass plate surfaces intended to simulate plant leaves: 



• Most (60 to 78%) bifenthrin was washed off of cotton plant leaves by 13 mm of 
simulated rainfall 0.25 to 4 hours after application (Mulrooney and Elmore, 2000). 



• In a study of permethrin wash-off from the surfaces of cotton plants, about 35% 
of the permethrin was washed off by a simulated 25 mm rainstorm 2 hours after 
application.  An additional 76 mm of simulated rain removed another 11% of the 
pesticide (Willis et al., 1986).  



• In a study of pesticide wash off from coated glass plates a simulated 25 mm 
rainstorm removed essentially all of the applied diazinon (Cohen, 1986). 



While these studies suggest that pesticide runoff from urban impervious surfaces may 
be significantly greater than runoff from agricultural fields, they do not provide the basis 
for quantitative wash-off estimates.  The studies suggest that wash-off of 
environmentally meaningful fractions of study list pesticides is possible and that 
diazinon’s wash-off behavior may not be particularly unusual. 
Turf and Agricultural Sites 
A review of pesticide wash-off data from agricultural sites concluded that wash-off 
fractions for most pesticides are below 2% except in unusual circumstances.  The review 
estimated that about 1% of applied water insoluble pesticide quantity runs off an 
agricultural field (Wauchope, 1978).  More recent evaluations of pesticide wash-off from 
agricultural sites suggest that runoff fractions can differ significantly among pesticides 
and experimental conditions: 



• In an investigation of permethrin runoff from an agricultural field, <0.01% of the 
applied permethrin ran off in a low-rainfall year, but in a high rainfall year more 
than 0.5% ran off (Carroll et al., 1981). 



• In two separate locations, 0.21 to 0.3% of cyfluthrin applied to cotton fields was 
washed off in one to four rain events (Casjens, 2002). 



• About 1% of diazinon applied to turf has been found to run off (Sudo, 1992 and 
Evans, 1998).   



• A review of pesticide wash-off from turf plots (Haith, 2001) showed the following 
mean pesticide runoff fraction for multiple tests:  2,4-D—4.34%, chlorpyrifos—
0.53%, diazinon—0.68%, dicamba—3.64%, dithiopyr—0.32%, mecoprop—
3.72%. 



• Wash-off from pre-saturated turf test plots in what the investigators called 
“severe case” experiments generated an average annual runoff loss of 9% of 
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applied 2,4-D, 15% of dicamba, and 11% of mecoprop; most (about 2/3rds) of 
the losses were in the first post-treatment rain events.  Similar tests of only the 
first post-application runoff events yielded much lower losses for chlorpyrifos 
(0.00019%) and chlorothalonil (0.17%) (Ma et al., 1999). 



Despite the variation in the wash-off data, the limited available data suggest that there is 
no reason to assume that wash-off behavior for pyrethroids will differ significantly from 
the wash-off of diazinon and chlorpyrifos. 
Surface Water Mobility Index 
Researchers from pesticide manufacturer Syngenta recently derived a “surface water 
mobility index” (SWMI) on the basis of the analysis of pesticide runoff data from several 
U.S. watersheds (Chen et al., 2002).  The relatively straightforward index is based on 
two environmental fate parameters—soil aerobic degradation half-life (Th) and organic 
carbon-normalized soil/water sorption coefficient (Koc).   



e
-3.466/Th 



  SWMI =  
(1+0.00348Koc) 



 (1+0.00026Koc) 



Chen et al. found that the SWMI correlated well with both peak and mean surface water 
monitoring data from three agricultural watersheds.  A review of pesticide wash-off from 
turf plots also linked the differences in runoff fraction to pesticide Koc values and the soil 
aerobic decomposition half life (Haith, 2001).  The SWMI is a tool intended to allow 
evaluation of the relative runoff and erosion potential for different pesticides and to 
provide a quick estimate of relative potential concentration levels in watersheds. 
Table 13-4 shows the SWMI for the study list pesticides, diazinon, and chlorpyrifos.  
Interestingly, the SWMI for chlorpyrifos, which is among the insecticides most frequently  



Table 13-4.  Surface Water Mobility Indexes (SWMI) for Study List Pesticides 



Pesticide 
Soil Aerobic Half 



Life (days) Koc SWMI 
Bifenthrin 97 to 156 240,000 0.0738 
Carbaryl 46 288 0.4979 
Chlorpyrifosa 39 to 51 9,930 0.0933 
Cyfluthrin 34 31,000 0.0751 
Cypermethrin 14 to 60 61,000 0.0720 
Deltamethrin 34 46,000 to 1,630,000b 0.0678 
Diazinon 17 1,520 0.1809 
Esfenvalerate 77 5,273 0.1171 
Imidacloprid 27 132 to 310b 0.5257 
Malathion Not available 1,200 -- 
Permethrin 108 39,300 0.0789 
Piperonyl Butoxide 927 1,810 0.2007 
Pyrethrins I 14 to 60 39,000 0.0742 
Pyrethrins II 14 to 60 5,200 0.1122 
aChlorpyrifos value differs from source's calculation because different (preferred) half life and Koc values 
were used.  Calculations were checked with values in source paper. 
bWhen aerobic soil half life or Koc was reported as a range, used the median in the calculation. 
Source:  Calculated using the method of (Chen et al., 2002). 
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detected in urban surface waters, is not substantially higher than SWMIs for pyrethrins 
and pyrethroids.  Substances with the lowest SWMIs in Table 13-4 have been detected 
in surface waters, suggesting that all of the SWMIs in the table are sufficiently large to 
mean that wash-off of environmentally meaningful fractions is possible. 
These results should be viewed with caution.  The SWMI is a new method that has not 
been extensively tested.  It may not be applicable to urban watersheds nor to impervious 
surface applications.  The SWMI calculation relies on somewhat uncertain input data 
(see Section 4). 
Watershed Scale Studies of Pesticide Runoff 
A USGS team explored the relationship between the amount of various insecticides 
applied in agricultural watersheds across the U.S. to the amount measured in streams 
draining those watersheds, expressing the result as an “annual load as a percent of use” 
(LAPU) (Capel et al., 2001).  In general, LAPU values for pesticides are relatively low.  
Table 13-5 gives the measured LAPUs relevant to this report: 



Table 13-5.  Annual Load as a Percent of Use  
(LAPU) for Selected Pesticides 



Pesticide LAPU 
Carbaryl 0.033 
Chlorpyrifos 0.032 
Diazinon 0.085* 
Malathion 0.045 
Permethrin 0.0005 
Average of 14 Insecticides 0.078 



*Artificially high value due to non-agricultural uses in the study watershed  
that could not be quantified. 
Source:  Capel et al., 2001. 



The primary difference between the watershed LAPU values and studies of pesticide 
wash-off from individual fields is that the watershed-level measurements account for 
processes that occur in the watershed, like pesticide decomposition and partitioning into 
stream sediments.  Partitioning into sediments (a process considered in the next 
subsection) is a possible explanation for the relatively low LAPU for permethrin (the only 
pyrethroid in the study) as compared to malathion, carbaryl, diazinon, and chlorpyrifos.38 



13.6 Environmental Fate in Surface Waters 
This subsection looks at the fate of study list pesticides in the primary types of surface 
waters that receive urban runoff in the San Francisco Bay area, which are small creeks 
and the San Francisco Bay estuary.  The focus of this portion of the environmental fate 
review is on information that is relevant to the question of whether any of the study list 
pesticides may be present in urban surface waters at or above the environmentally 
relevant concentration for environmentally relevant time periods.  
This subsection mentions two partition coefficients that are commonly used as indicators 
of the likelihood that a substance will sorb onto (bind to) sediments and soils.  These 
partition coefficients are: 



                                                 
38 Another possibility is that the analytical detection limit for the water quality monitoring that forms the basis 
for these calculations may have precluded measurement of environmentally significant quantities of 
permethrin. 











Insecticide Market Trends And Potential Water Quality Implications    DRAFTDRAFTDRAFTDRAFT 



DRAFTDRAFTDRAFTDRAFT 75  



• Kow—octanol/water partition coefficient, a laboratory measurement of the fraction 
of the substance that is dissolved in octanol (a non-polar organic solvent) in a 
container that holds both octanol and water. 



• Koc—organic carbon normalized partition coefficient, a measurement of the 
fraction of a substance that sorbs to natural organic matter in soils/sediments 
(useful because most pesticides are non-polar organic molecules for which the 
tendency to sorb to soils and sediments correlates with organic content). 



These two partition coefficients are likely to be related to each other, but the relationship 
depends on an individual pesticide’s chemistry. 
Standard studies to evaluate the fate of pesticides in aquatic ecosystems involve test 
conditions (i.e., farm ponds) relatively high in organic carbon in comparison to the 
natural state of Bay Area creeks, which—without human impacts—would generally be 
relatively low in carbon-laden materials.  Standard sediment partitioning measurements 
involve highly mixed solutions of sediment and water, which do not resemble sediment 
quantity, mixing, or characteristics that should normally be found in Bay Area creeks.  
Such test conditions dramatically enhance both the rate and the total amount of 
pesticide partitioning into sediments.  Even San Francisco Bay, which is relatively rich in 
organic carbon, generally exhibits conditions very different from these test conditions. 
Carbaryl and Malathion.  Relative to other study list pesticides (except imidacloprid), 
both carbaryl and malathion are more soluble in water and have relatively lower 
tendencies to bind to soils and sediments.  Their environmental properties suggest that 
once these two pesticides enter surface waters they will occur in the water column and 
will—to some degree—bind to sediments.  Both will most likely decompose by 
hydrolysis, since Bay area surface waters typically have pHs above 7.  Insufficient 
information is available about likely accumulation and decomposition rates to predict 
whether carbaryl and malathion will accumulate to meaningful concentrations in 
sediments. 
Imidacloprid.  With its high water solubility and low Kow, a significant fraction of 
imidacloprid should remain in the water column once it enters surface waters.  
Imidacloprid degrades relatively quickly in water by photolysis, which is likely to be the 
primary decomposition pathway in surface waters.  Unfortunately, such decomposition 
can only occur at the surface of well-sunlit waters, which will limit the rate at which 
imidacloprid will decompose in environmental surface waters (note that healthy creeks 
have vegetative canopies that limit penetration of light to the creek surface and sunlight 
penetrates only the top few feet of Bay waters).  While imidacloprid may partition into 
sediments, it is likely to biodegrade sufficiently quickly and/or to partition back into the 
water column at a rate sufficient to avoid accumulation in sediments. 
Pyrethroids.  With their high Kow and Koc values, pyrethroids will tend to move into the 
sediment phase after entering the water column.  The rate of this partitioning (which may 
occur over a few hours to a few weeks) may be quite important to their potential for 
adverse effects on aquatic ecosystems, but cannot be estimated for typical San 
Francisco Bay area surface waters on the basis of available data, which do not reflect 
creek sediment characteristics nor anticipated mixing conditions.39  Esfenvalerate, with 
its substantially lower Kow and Koc, is likely to partition into sediments more slowly and to 
                                                 
39 Laboratory studies showing partitioning to sediment phases within a few hours involve unrealistic 
sediment/water mixing conditions (Maund et al. 2002).  While most pyrethroids partition in to sediments in 
farm test ponds within 24 hours (Leahey, 1985), this rapid partitioning may be facilitated by the relatively 
large amount of organic matter in such systems.  In contrast, modeling of typical stream mixing anticipates 
that partitioning will occur over a period of more than 2 weeks (Capel, 2001). 
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a lesser degree than other pyrethroids.  Once in sediments, pyrethroids should 
decompose slowly, but may persist long enough to accumulate to meaningful 
concentrations.  Sediment accumulation is particularly likely for bifenthrin (Fecko, 1999) 
and permethrin, which decompose slowly under anaerobic conditions.  Pyrethroids 
remaining in the water column may eventually decompose by photolysis (decomposition 
rates vary), assuming sufficient sunlight penetrates receiving waters. 
Pyrethrins.  In surface waters, the fate of pyrethrins should be similar to that of 
pyrethroids, with the substantial difference that pyrethrins are likely to decompose much 
more quickly.  Near the water surface in sunlit waters, pyrethrins will decompose very 
quickly.  In sediments, where the majority of pyrethrins are likely to partition, pyrethrins 
should decompose sufficiently rapidly to prevent accumulation of high concentrations. 
Piperonyl butoxide (PBO).  Due to its moderate solubility and moderately high Kow value, 
PBO is expected to partition primarily into sediments after it flows into surface waters 
(Jones, 1998).  As with pyrethroids, the rate of this partitioning may be environmentally 
important in San Francisco Bay area surface waters, but cannot be estimated with 
available information.  Since PBO is relatively stable in the absence of sunlight and 
microbial activity, it is likely that it will accumulate in sediments.  PBO remaining in the 
water column should decompose by photolysis, assuming sufficient sunlight penetrates 
receiving waters. 
Many of the study list pesticides are relatively insoluble in water—but all are sufficiently 
soluble to cause surface waters to exceed environmentally relevant concentrations.  This 
relationship can quickly be shown with a simple calculation, dividing a pesticide’s 
solubility in water by its environmentally relevant concentration.  The resulting “solubility 
indexes” are compiled in Table 13-6. 



Table 13-6.  Solubility Indexes for Study List Pesticides 
Pesticide Fresh Water Salt Water 
Bifenthrin 1,400 25,000 
Carbaryl 43,000 140,000 
Chlorpyrifos 14,000 110,000 
Cyfluthrin 140 8,300 
Cypermethrin 2,000 800 
Deltamethrin 200 120 
Diazinon 750,000 73,000 
Esfenvalerate 3* 5* 
Imidacloprid 49 15,000 
Malathion 300,000 380,000 
Permethrin 200 6,000 
Piperonyl Butoxide 5,800 11,000 
Pyrethrins I 38 140 
Pyrethrins II 1,700 6,400 
*The reported solubility value may be low.  See Table 4-2. 
Source:  TDC Environmental calculation using data in Tables 4-2, 11-1, and 11-2. 



13.7 Sewer Discharge Analysis 
Since the fate of pesticide discharges to sewer systems is completely different than the 
fate in outdoor applications, this subsection looks separately at sewer applications.  Of 
the study list pesticides, only deltamethrin, permethrin, pyrethrins, and PBO are currently 
allowed to be applied in sewer systems or used for applications (like pet shampoos) 
where essentially all applied material is discharged.  Since both pyrethrins and PBO 
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decompose quickly in aerobic conditions, this analysis focuses on the pyrethroids, using 
two deltamethrin products as an example. 
Application Rate 
Both example products are used in sewer systems primarily to control cockroaches 
(chlorpyrifos may also be used for this purpose).  Application methods are as follows: 



• The first product—a dust—is applied by injection into the air in the sewer lines; 
injection is in one manhole for every 200 feet of sewer line.  With this application 
method, essentially all of the active ingredient eventually enters the sewer 
discharge flow.  The sewer discharge is estimated at 100%. 



• The second product—a liquid—is mixed with paint and applied by spray 
application inside each manhole.  Typically, application involves use of a long 
wand with a spray head that applies the pesticide-containing paint in a circular 
pattern inside the manhole.  With this application method, much of the active 
ingredient is incorporated in the paint coating.  The primary release pathway 
would be from “overspray” (droplets carried away by airflow).  For flat surfaces 
under more normal spray paint application conditions, overspray is from 5 to 50% 
of the total material applied; overspray of 20 to 25% is common with various 
types of spray equipment (SCAQMD, 2000).  Since the overspray quantity is 
uncertain, sewer discharge estimates will evaluate several overspray fractions.  
Some material may be washed into the sewer during rainstorms, when water 
flows into sewer systems (this is termed “inflow”); for purposes of the analysis, 
such releases are assumed to be negligible. 



Table 13-7 provides application quantity estimates for a single manhole application of 
each of these two products.  Applications are assumed to be made at the maximum 
application rate provided in the label directions. 
Table 13-7.  Sewer Discharge Estimates for Application of Deltamethrin Products 



Product Quantity Active 
Ingredient 



Applied Per 
Manhole (grams) 



Fraction 
discharged to 
sewer system 



Quantity Active 
Ingredient 



Discharged Per 
Manhole (grams) 



Dust 0.0283 100% 0.0283 
Liquid, 25% overspray 0.85 25% 0.21 
Liquid, 5% overspray 0.85 5% 0.043 
Source:  TDC Environmental calculations based on label instructions for Delta Dust and Bug Juice. 



Fate in Wastewater Treatment Plants 
In sewer systems and wastewater treatment plants, wastewater contains significant 
fractions of solids high in organic content.  While wastewater/solids mixing varies in 
sewer lines themselves, treatment plants all contain process steps that involve 
substantial mixing of high organic content material with wastewater.  This mixing should 
facilitate relatively rapid partitioning of pyrethroids onto wastewater solids.   
While passing through a typical sewer system and while flowing through the process 
units at a typical wastewater treatment plant, pyrethroids would be unlikely to 
decompose to any significant extent.  The soil aerobic half lives for pyrethroids suggest 
that little degradation will occur during wastewater treatment plant processing (typical 
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facilities pass wastewater through in 8 to 24 hours).40  Given the stability of pyrethroids 
to hydrolysis, chemical decomposition is unlikely.  This means that essentially all of the 
pyrethroids entering a sewer system would exit either in the sewage sludge or in a 
wastewater treatment plant’s wastewater effluent. 
The potential consequences of the presence of pyrethroids in sewage sludge depend on 
the management of the sludge.  Sewage treatment plants manage sludge by landfilling, 
incineration, or reuse (typically on agricultural fields).  Reuse generally involves 
application of sludge on agricultural lands, where the incorporated pesticide could 
potentially be washed off into surface water.  Wash-off in such situations would depend 
on many factors, such as initial concentration, sludge application rate, sludge processing 
and holding time (during which the pyrethroid could decompose significantly), and thus 
cannot be evaluated in this report. 
A small portion of the pyrethroid would be in the wastewater treatment plant’s effluent, 
either in solution or sorbed to solids in the effluent.  Wastewater treatment plant removal 
efficiencies for pesticides depend on a number of plant-specific design elements, as well 
as on the properties of the pesticide.  No removal efficiency data for pyrethroids were 
identified during the literature review.  For other pesticides, real-world removal 
efficiencies have generally been much lower than might have been expected on the 
basis of partition coefficients and decomposition rates, for example: 



• On the basis of 10 years of data from 5 wastewater treatment plants, Los 
Angeles County Sanitation Districts found that its treatment processes removed 
20% to 43% of lindane from influent wastewater (Heil, 2002). 



• A survey of 10 San Francisco Bay area wastewater treatment plants found that 
64-98% of diazinon was removed from influent wastewater.  The average 
removal was 85% (Chew et al., 1998). 



• The same San Francisco Bay area wastewater treatment plant survey found 
chlorpyrifos removal ranged from 0% to 89%, with an average removal of 55% 
(Chew et al., 1998). 



These data suggest that while removal efficiencies as high as 99% might be theoretically 
possible, real-world removal efficiencies may be substantially lower, particularly at the 
low end of routine variations.  To address the uncertainty in removal efficiency, this 
analysis considers several different removal efficiencies.  Table 13-8 shows the quantity 
of deltamethrin that would not be removed by wastewater treatment and would therefore 
be discharged into wastewater treatment plant effluent at two removal efficiencies. 



Table 13-8.  Wastewater Treatment Plant Discharge Estimates for Application of 
Deltamethrin Products 



Quantity in Wastewater Effluent 
(grams) Product 



Quantity Active 
Ingredient 



Discharged Per 
Manhole (grams) 



80% Removal 
Efficiency 



99% Removal 
Efficiency 



Dust 0.0283 0.0057 0.00028 
Liquid, 25% overspray 0.21 0.042 0.0021 
Liquid, 5% overspray 0.043 0.0086 0.00043 
Source:  TDC Environmental calculations based on Table 13-7. 



                                                 
40 This applies only to standard wastewater treatment plant designs; unusual processes (like treatment 
wetlands) can involve process times of days or even weeks. 
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In Table 13-9 presents the number of manhole treatments that would cause 1,000,000 
gallons of wastewater effluent to reach the environmentally relevant concentration in 
fresh water.  Since the environmentally relevant concentration for salt water is somewhat 
higher, the number of manholes would be larger for salt water discharges. 



Table 13-9.  Number of Manhole Treatments Required to Create  
1 Million Gallons of Wastewater Effluent at the Fresh Water  



Environmentally Relevant Concentration 



Number of Manholes Treated 
Product 80% Removal 



Efficiency 
99% Removal 



Efficiency 
Dust 7 134 
Liquid, 25% overspray 1 18 
Liquid, 5% overspray 4 88 
Source:  TDC Environmental calculations based on Tables 13-8 and 11-1. 



Since many (about 20) manholes are typically treated by one crew in one day, the 
information in Table 13-9 suggests that there is the potential for wastewater treatment 
plant effluent to exceed environmentally relevant concentrations under some conditions.   
The estimates in this section are highly uncertain, as they rely on numerous 
assumptions.  No clear conclusion can be drawn with regard to the use of pyrethroids for 
applications involving sewer discharges.  Additional investigation is warranted, 
particularly regarding the removal efficiency in wastewater treatment plants. 



13.8 Conclusions 
The information above suggests that most of the study list pesticides have the potential 
to exceed the environmentally relevant concentration in surface water for a meaningful 
time period.  Conclusions for each study list pesticide are below. 
Carbaryl is one of the most widely used broad-spectrum insecticides.  The U.S. 
Geological Survey (USGS) National Water Quality Assessment (NAWQA) found it to be 
the second most commonly detected insecticide in surface water.  In the NAWQA data, 
streams draining urban areas had more frequent detections and higher concentrations of 
carbaryl than streams draining agricultural or mixed land use areas.  Carbaryl has also 
been found in rain and fog, even in urban areas far from agricultural spraying.   
The presence of carbaryl in surface waters has important implications—the USEPA 
environmental risk assessment for carbaryl found: 



• Significant acute risk to freshwater fish and to all aquatic invertebrates,  



• Significant chronic risk to freshwater aquatic invertebrates, and 



• Exceedances of the endangered species level of concern for freshwater fish and 
for both freshwater and marine/estuarine aquatic invertebrates.  



Since urban watersheds—where concentrations are known to be higher—and chronic 
risks are not evaluated in the USEPA environmental risk assessment, additional 
significant risks may exist (USEPA, 2002).   
Available data show that carbaryl often exceeds the environmentally relevant 
concentration in surface water and that such exceedances probably occur for a 
meaningful time period.  Use of carbaryl as a substitute for diazinon and chlorpyrifos will 
only increase the concentration and frequency of carbaryl occurrence in surface waters 
receiving urban discharges. 
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Imidacloprid is quite mobile in the environment, but is far less toxic than other study list 
pesticides.  Due to its solubility in water and its environmental stability on application 
sites, it is very likely to be washed off of outdoor application sites, with its low Kow, high 
solubility in water, and relatively long soil half-life.  For landscaping applications, rain or 
irrigation water can move imidacloprid into soil (and potentially to groundwater).  On 
impervious surfaces, rain or other water flows would readily wash imidacloprid off of the 
application site.   
A literature review identified only one article with data on environmental presence of 
imidacloprid.  The lack of data is probably due to the newness of imidacloprid in the 
marketplace and the lack of a commercially available chemical analysis method.   
Although imidacloprid appears to be far less toxic to aquatic species than other study list 
pesticides, its high water solubility could allow relatively high concentrations to occur in 
runoff.  For example, the one available measurement of imidacloprid runoff had a 
concentration ten times the LC50 for the mysid Americamysis bahia, a standard salt 
water test organism.  Its toxicity could be greater than current data indicate, as it has the 
highest number of toxicity testing data gaps of any study list pesticide.   
The data in this report suggest that there is a potential for use of imidacloprid to cause 
surface water to exceed the environmentally relevant concentration.  Concentrations in 
surface water will depend to a great degree the locations where imidacloprid is used.  
Due to the substantial aquatic toxicity data gaps, the environmentally relevant 
concentration is itself somewhat uncertain.   
Malathion, like carbaryl, is one of the most widely used broad-spectrum insecticides.   
Together with diazinon, chlorpyrifos, and carbaryl, the USGS NAWQA found malathion 
frequently in surface water, particularly in urban creeks, where the highest 
concentrations were measured.   
Malathion is toxic to aquatic organisms at observed concentrations—many fish kills have 
been confirmed (USEPA, 2000).  According to the USEPA malathion environmental risk 
assessment, malathion poses significant acute and chronic risks for aquatic 
invertebrates and some fish.  Even at the lowest application rates, the USEPA risk 
assessment found that levels of concern are exceeded by factors of up to 160 for certain 
invertebrate groups (USEPA, 2000).  Additional significant risks may exist in urban areas 
(where concentrations are higher)—but urban areas were not evaluated in the USEPA 
environmental risk assessment. 
Available data show that malathion often exceeds the environmentally relevant 
concentration in surface water and that such exceedances occur for a meaningful time 
period.  Use of malathion as a substitute for diazinon and chlorpyrifos will only 
exacerbate these problems. 
Pyrethroids appear to be increasing in market share rapidly.  Since several of these 
related chemicals appear to be coming into widespread use, the environmental effects of 
pyrethroid mixtures, rather than individual chemicals, will form the basis of potential 
environmental effects.  Although pyrethroids are generally applied in much smaller 
quantities than organophosphorous pesticides, these quantities are environmentally 
meaningful because pyrethroids are very highly toxic to aquatic organisms. 
In surface waters, pyrethroids are expected to partition primarily into sediments.  The 
speed of that partitioning, which will depend on flow, mixing, and sediment quality in 
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individual water bodies, will be very relevant for their significance to aquatic 
ecosystems.41   
Pyrethroids have been detected in many environmental water samples and have been 
found to cause toxicity to aquatic species.  This suggests that the environmental water 
column concentrations are sufficient (and persist for a sufficiently long time period) to 
cause toxicity and/or that particulate- or sediment-bound pyrethroids contribute to 
toxicity.  The limited available data do not allow a conclusion as to whether the 
measurements are anomalies or are indicative that environmentally relevant 
concentrations may commonly remain in the water column for sufficient time periods to 
cause aquatic toxicity (Casjens, 2002).   
Most pyrethroids have negative insecticidal temperature coefficients, meaning that they 
are more toxic to target pests at lower temperatures.  In some fish, certain pyethroids 
exhibited increasing toxicity as temperature decreased (Leahey, 1985).  Since California 
urban streams are generally cooler during runoff events (which occur primarily during the 
winter months), an increase in toxicity could have environmental importance. 
Given their hydrophobicity, pyrethroids are likely to appear in sediments at 
concentrations several thousand times their water column concentrations.  Pyrethroids 
may decompose slowly enough in sediments for residuals to last for years; if so, 
sediment concentrations may gradually increase with continued pyrethroid use.  In 
sediments, the accumulated pyrethroids may concentrate sufficiently to cause toxicity to 
benthic organisms (Maund et al, 2002; Weston, 2002). 
While currently available data are insufficient for proof of environmental harm, the 
available information strongly suggest that widespread use of pyrethroids as substitutes 
for diazinon and chlorpyrifos is likely to cause environmentally relevant concentrations to 
be exceeded in surface waters, sediments, or both for meaningful time periods.  On the 
basis of available data, it is uncertain whether pyrethroid applications resulting in sewer 
discharges will have environmental significance. 
Pyrethrins, the natural substance that was the inspiration for the more environmentally 
stable pyrethroids, has the potential to increase use.  Pyrethrins products are typically 
formulated with synergists like piperonyl butoxide, which is a consideration in the 
evaluation of their potential environmental effects.  Available data suggest that pyrethrins 
are almost 1000 times less toxic than most pyrethroids, but there are many aquatic 
toxicity data gaps.  
Pyrethrins, which are well known for their rapid photodecomposition, are far less stable 
in the environment than pyrethroids, which is a major reason why pyrethroids were 
developed (Casida and Quistad, 1995).  The shorter environmental lifetime of pyrethrins 
reduces their potential environmental impacts, if they are applied in locations where 
decomposition is sufficiently rapid. 
The information in this report suggests that should pyrethrins enter widespread use as 
substitutes for diazinon and chlorpyrifos there is a potential for use of pyrethrins to cause 
surface water to exceed the environmentally relevant concentration.  Concentrations in 
surface water will depend to a great degree on the locations where pyrethrins are used.  
Due to the substantial aquatic toxicity data gaps, the environmentally relevant 
concentration is itself somewhat uncertain.   



                                                 
41 The presence of sediments or particulate matter in the water column has been shown to reduce pyrethroid 
toxicity to invertebrates and fish (Leahy, 1985). 
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Piperonyl Butoxide is the most common synergist in pesticide products.  Its ability to 
enhance pesticide toxicity is not limited to application locations—it may contribute to 
aquatic toxicity of pyrethrins, pyrethroids, and carbamates in surface waters and 
sediments.   
Industry water quality modeling data and reported frequent detection in surface water 
samples indicates that synergisms of toxicity from other pesticides in surface waters is 
possible, as is direct toxicity to sensitive organisms.  For synergism to occur, PBO must 
appear in concentrations sufficiently high to affect the metabolism of the pyrethrin or 
pyrethroid molecules by target organisms.  Available data are insufficient to evaluate 
whether the concentrations of PBO that may occur in urban surface waters would be 
sufficient (and persist for a sufficient period of time) to cause this effect.   
Like pyrethroids, PBO should partition primarily into sediments after it flows into surface 
waters (Jones, 1998).  In sediments, PBO has the potential to enhance toxicity of other 
sediment-bound pesticides; however, available data do not allow evaluation as to 
whether the concentrations likely to be present in sediments would be sufficient to 
modify metabolism of other pesticides by sediment-dwelling organisms.  











Insecticide Market Trends And Potential Water Quality Implications    DRAFTDRAFTDRAFTDRAFT 



DRAFTDRAFTDRAFTDRAFT 83  



14.0 CONCLUSIONS AND RECOMMENDATIONS 



14.1 Conclusions 
Conclusion 1.  Use of bifenthrin, carbaryl, cyfluthrin, cypermethrin, deltamethrin, 
esfenvalerate, malathion, and permethrin as replacements for urban uses of diazinon 
and chlorpyrifos is likely to cause adverse effects in aquatic ecosystems receiving urban 
runoff. 



• Malathion and carbaryl are among the most frequently detected pesticides in 
urban surface waters and are commonly detected at concentrations known to 
cause adverse effects to aquatic ecosystems. 



• The pyrethroid pesticides evaluated (bifenthrin, cyfluthrin, cypermethrin, 
deltamethrin, esfenvalerate, permethrin) are all extremely toxic to aquatic life at 
part per trillion concentration levels.  The limited available data suggests that 
these pesticides are likely to be washed into urban surface waters where they 
may cause adverse effects in the water column and/or in sediments.  The 
propensity of pyrethroids to bioconcentrate is of concern—pyrethroids 
bioconcentrate by factors of hundreds to tens of thousands in fish. 



• All of the study list pyrethroids (and lambda cyhalothrin) are entering the urban 
marketplace, making it very likely that aquatic ecosystems will contain mixtures 
of these substances.  Since pyrethroids have a common mode of toxicity and 
similar environmental fates cumulative toxic effects are very likely.  Cumulative 
effects may occur among pyrethroids and pyrethrins, between pyrethroids and 
synergists like PBO, and between pyrethroids and other pesticides in the 
environment like diazinon (Denton, 2001). 



Conclusion 2.  Use of imidacloprid and pyrethrins as replacements for urban uses of 
diazinon and chlorpyrifos may cause adverse effects in aquatic ecosystems receiving 
urban runoff, depending on application locations and use.  Extensive data gaps preclude 
a more definitive conclusion. 



• Imidacloprid appears, on the basis of the limited available data, to be significantly 
less toxic to aquatic species than any other study list pesticide—but it is also very 
soluble in water.  Its solubility is a significant practical consideration for its use, as 
it is readily washed away from the application location.  Because of its potential 
to cause groundwater contamination, and the major data gaps in toxicity and 
surface water concentration data, any increased use should be approached with 
caution at this time. 



• Pyrethrins seem to be far less toxic to aquatic species than their pyrethroid 
cousins—but the available toxicity data set is relatively incomplete.  Their rapid 
photodecomposition on outdoor surfaces makes them attractive from a water 
quality perspective, as little material should be available to wash off if 
applications are properly timed.  Unfortunately, this rapid photodecomposition 
has made this natural insecticide less popular in the marketplace than its 
synthetic cousins.  Since pyrethrins products are typically formulated with 
synergists to increase their effectiveness, the potential environmental effects of 
synergists need to be considered in evaluating the safety of pyrethrins use. 



• Imidacloprid and pyrethrins could be appropriate to recommend in an Integrated 
Pest Management (IPM) program when lower risk pesticides are unavailable or 
inappropriate.  Prior to encouraging use of these pesticides, identified data gaps 
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should be filled (particularly regarding aquatic toxicity), other “low-risk” 
alternatives should be evaluated, and an analysis of likely application sites and 
use rates should be conducted. 



Conclusion 3.  Use of piperonyl butoxide as a synergist in pesticide products that replace 
urban uses of diazinon and chlorpyrifos has the potential to contribute to adverse effects 
caused by other pesticides in aquatic ecosystems receiving urban runoff. 



• For piperonyl butoxide, the critical question is whether concentrations sufficient to 
enhance the toxicity of other pesticides (such as pyrethroids, pyrethrins and 
carbaryl) may occur in surface water or sediments. 



• Other synergists not evaluated in this report, like N-octyl bicycloheptene 
dicarboximide (commonly known by its brand name MGK® 264), also have the 
potential to enhance toxic effects from pesticides in surface waters and 
sediments. 



Conclusion 4.  While sufficient data were identified to support a weight-of-evidence 
evaluation, critical data gaps exist for study list pesticides. 



• The most important data gaps are in the areas of aquatic toxicity (for pyrethroids, 
pyrethrins, and imidacloprid) and sediment toxicity (for pyrethroids). 



• Almost no surface water or aquatic sediment monitoring has included 
pyrethroids, pyrethrins, or imidacloprid.  The monitoring that has been conducted 
generally relies on methods that are not capable of measuring environmentally 
relevant concentrations of these pesticides. 



14.2 Recommendations Regarding Data Gaps 
Recommendation 1.  Fill toxicity testing data gaps.   



• Prioritize obtaining toxicity data for standard fresh water toxicity testing species 
Pimephales promelas (fathead minnow), Ceriodaphnia dubia (water flea) and 
Selenastrum capriconutum, green algae. 



• Prioritize obtaining toxicity data for imidacloprid and pyrethrins. 
Recommendation 2.  Evaluate potential for pyrethroid pesticides to accumulate in 
surface water body sediments at concentrations that may cause toxicity to benthic 
organisms. 



• Obtain benthic organism toxicity data for pyrethroids. 



• Estimate potential sediment concentrations of pyrethroids. 



• Evaluate potential risks and implement measures to prevent significant risks. 
Recommendation 3.  Assess water quality implications of the use of synergists other 
than piperonyl butoxide in products that are replacements for urban uses of diazinon and 
chlorpyrifos. 
Recommendation 4.  Assess water quality implications of use of the pyrethroid 
insecticide lambda cyhalothrin as a replacement for urban uses of diazinon and 
chlorpyrifos.  Lambda cyhalothrin has growing agricultural use and began entering the 
residential retail market as this study neared completion. 
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Recommendation 5.  Make all information necessary to evaluate and prevent surface 
water quality impacts from pesticides publicly available for every registered pesticide.42 



• Complete and practical pesticide chemical analysis methods with detection limits 
no greater than one-tenth of the lowest environmentally relevant concentration 
(e.g., LC50, EC50) are needed.  Methods should be available for measuring 
concentrations in water column samples and sediment samples, toxicity testing, 
sample collection and storage.  Methods should be validated for various 
environmental matrices, including pure water, polluted water (both urban and 
agricultural runoff) and wastewater. 



• Measurements of chemical properties related to surface water transport are 
needed (e.g. wash-off from pervious and impervious surfaces). 



• Data sufficient to predict pesticide fate in sewage treatment plants are needed. 



• An evaluation of how the presence of pesticides in sewage sludge might affect 
crops or surface water runoff at sewage sludge application locations is needed. 



• Toxicity test results for all standard water quality test species listed in this report 
are needed  



• Toxicity test results for sub-lethal effects, like effects on behavior, ability to 
escape predators, and reproduction are needed. 



14.3 Recommendations Regarding Monitoring 
Recommendation 6.  Develop practical methods for monitoring urban surface waters and 
sediments to identify the presence of and to measure possible environmental effects of 
diazinon and chlorpyrifos replacement pesticides.   



• Create standard written procedures for surface water and sediment sample 
collection, storage, and handling that are appropriate for samples containing 
pyrethroids, carbamates, and organophosphorous pesticides. 



• Identify appropriate methods and test species for surface water and sediment 
toxicity testing. 



• Develop Toxicity Identification Evaluation (TIE) procedures to identify potential 
toxicity due to pyrethroids and imidacloprid.   



• Validate sampling procedures and TIE methods with field samples, ideally from 
sites where diazinon and chlorpyrifos replacements are likely to occur in storm 
water runoff and/or surface water. 



Recommendation 7.  Develop methods for chemical analysis of bifenthrin, cyfluthrin, 
cypermethrin, deltamethrin, esfenvalerate, imidacloprid, and permethrin suitable for use 
by commercial laboratories with detection limits below environmentally relevant 
concentrations.   



• Prioritize development of methods for chemical analysis of imidacloprid and 
deltamethrin in water and sediments. 



                                                 
42 At the Federal level, procedures need to be modified such that data call-ins  for all pesticides include the 
elements listed below.  USEPA has not interpreted its guidelines (in 40 CFR Part 158) as requiring these 
items. 
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• Support USGS and DFG efforts that are currently in progress to develop low 
detection limit methods for bifenthrin, cyfluthrin, lambda cyhalothrin, 
cypermethrin, esfenvalerate, and permethrin. 



Recommendation 8.  Monitor urban surface waters to identify the presence of and to 
measure possible environmental effects of diazinon and chlorpyrifos replacement 
pesticides.   



• Monitoring should include samples from urban creeks and from San Francisco 
Bay.  Given the sensitivity of salt water species to many diazinon and chlorpyrifos 
replacement pesticides, monitoring at creek discharge points (“the Bay margins”) 
is recommended.   



• Both the water column and sediments should be monitored. 



• Given the number of different pesticides entering the market, the potential for 
cumulative effects, and the lack of convenient chemical analysis methods, 
toxicity testing—rather than chemical concentration measurements—will 
probably be the simplest and most cost-effective primary monitoring strategy. 



Recommendation 9.  Monitor sales and use of diazinon and chlorpyrifos replacement 
pesticides in urban areas. 



Recommendation 10.  Develop specific plans to respond to findings of toxicity in surface 
waters or sediments. 
Recommendation 11.  Establish a monitoring network to characterize the presence of 
pesticides in California surface waters.43 



• Design the monitoring to measure pesticide occurrence, concentrations, and 
trends.   



• Monitor all types of California surface waters, including urban and rural, saline 
and fresh, creeks, rivers, bays, and the ocean. 



• Monitor during both wet and dry weather. 



• Regularly test for all commonly used pesticides, but focus on pesticides known or 
suspected to occur at environmentally relevant concentrations. 



• Select sampling sites to be representative of California watersheds. 



• Collect and test both water column and sediment samples. 



14.4 Recommendations Regarding Regulatory Activities 
Recommendation 12.  Maximize the ability of the pesticide registration process to 
prevent potential water quality problems associated with pesticide use. 



• Review surface water impacts for all pesticide registrations. 



• Assess the environmental effects of all proposed sites of use--particularly urban 
sites of use.  



• Address the environmental effects of inert ingredients in individual pesticide 
products as those products are registered.  Consider both direct effects, such as 
aquatic toxicity, and indirect effects, like facilitation of off-site transport of the 
active ingredient. 



                                                 
43 Gill, 2002 contains an outline of a possible monitoring program. 
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• More thoroughly consider alternatives and other risk mitigation options when 
registering pesticides (e.g., during environmental review under the California 
Environmental Quality Act). 



• Obtain from pesticide manufacturers data needed to evaluate water quality 
impacts (see Recommendation 5). 



Recommendation 13.  Use California and Federal water quality agency expertise during 
the pesticide registration process to ensure that pesticide applications comply with the 
Clean Water Act and the Porter-Cologne Water Quality Control Act.   



• Use public notices like DPR’s weekly notices of materials entering evaluation and 
Federal Register notices to identify substances entering registration or other 
regulatory review processes that have the potential to impair water quality.   



• Monitor and participate in USEPA pesticide regulatory activities for diazinon and 
chlorpyrifos replacements to ensure that registration eligibility decisions and 
other regulatory decisions protect surface water quality (this may involve 
providing information to assist USEPA in ensuring that environmental risk 
assessments rely on complete and accurate data, include appropriate 
environmental concentration estimates, and use methods that fully reflect water 
quality regulatory program needs). 



• Share California monitoring and science data with USEPA and DPR. 



• Identify appropriate surface water concentration targets (e.g., USEPA and state 
water quality criteria) or methods for developing such targets that are consistent 
with the Clean Water Act and Porter-Cologne Water Quality Control Act to which 
estimated environmental concentrations can be compared. 



• Identify appropriate sewage sludge concentration targets to which estimated 
sewage sludge concentrations can be compared. 



• Identify appropriate sediment concentration targets to which estimated surface 
water sediment concentrations can be compared. 



• Clarify that the risk benefit standards of FIFRA require USEPA to ensure that a 
pesticide is used in such a manner that mitigation under the Clean Water Act is 
minimal or unnecessary. 



Recommendation 14.  Develop a California or Federal “surface water protection list” 
similar to DPR’s ground water protection list.44 



• Create a formal list of pesticides having the potential to exceed environmentally 
relevant concentrations in surface water. 



• Implement use restrictions when necessary to prevent surface water quality 
impacts from pesticides on the surface water protection list. 



Recommendation 15.  Identify and/or develop methods appropriate for ecological risk 
assessment of surface water quality impacts of pesticides. 



• Define methods for estimating surface water concentrations resulting from 
outdoor urban pesticide uses. 



• Define methods for estimating surface water sediment concentrations resulting 
from pesticide uses. 



                                                 
44 A concept for the application of such a list is in Gill, 2002. 
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• Define methods for estimating wastewater treatment plant influent and effluent 
concentrations resulting from application and clean-up of pesticides. 



• Define methods for determining the potential that a discharged pesticide may 
interfere with wastewater treatment plant operation. 



• Define methods for estimating sewage sludge concentrations resulting from 
application and clean up of pesticides. 



Recommendation 16.  Make regulatory changes to facilitate efforts to promote pest 
management methods that use non-chemical and least-toxic chemical alternatives to 
pesticides to manage urban pest problems. 



• Remove regulatory barriers to education about use of non-toxic or least toxic 
pest control methods.  For example, modify statutes that prohibit educators from 
explaining that soapy water kills ants. 



• Accelerate registration for least toxic (“reduced risk”) and non-toxic alternative 
pest control methods. 



14.5 Recommendations Regarding Education and Outreach 
Recommendation 17.  Discourage use of bifenthrin, carbaryl, cyfluthrin, cypermethrin, 
deltamethrin, esfenvalerate, malathion, and permethrin as replacements for urban uses 
of diazinon and chlorpyrifos. 
Recommendation 18.  Until further information is available, refrain from recommending 
imidacloprid and pyrethrins as substitutes for urban uses of diazinon and chlorpyrifos. 



• Widespread use of these pesticides may harm aquatic ecosystems. 



• Use of imidacloprid in areas with shallow groundwater (or extensive use of 
imidacloprid in other regions) may cause groundwater contamination. 



• Limited applications of pyrethrins and imidacloprid are less likely to harm aquatic 
ecosystems than are applications of bifenthrin, carbaryl, cyfluthrin, cypermethrin, 
deltamethrin, esfenvalerate, malathion, or permethrin.   



• For impervious surface applications, pyrethrins would have the least potential of 
any of the study list pesticides to cause harm to aquatic ecosystems.  (Treated 
surfaces should not be subject to rain or irrigation flows for at least several days.) 



• For lawn or landscaping applications, imidacloprid or pyrethrins would have the 
least potential of any of the study list pesticides to cause harm to aquatic 
ecosystems.  (Treated surfaces should not be irrigated to the point of runoff.) 



Recommendation 19.  Strengthen efforts to promote pest management methods that 
use non-chemical and least-toxic chemical alternatives to pesticides to manage urban 
pest problems. 
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16.0 GLOSSARY AND ABBREVIATIONS 
Active ingredient – Pesticide product ingredient registered to control the pest(s) that 
are the target of the product (e.g., diazinon and chlorpyrifos) 
Adjuvants - a class of inert ingredients that increase the effectiveness of the active 
ingredient and make application easier and/or safer 
ARS – Agricultural Research Service, part of the United States Department of 
Agriculture 
Best Management Practices - Feasible actions that, if taken, will minimize pollutant 
discharges to the sewer and storm drains 
CAS# - Chemical Abstracts Service number (unique chemical identifying code) 
CCC – Criterion Continuous Concentration (water quality criterion) 
CMC – Criterion Maximum Concentration (water quality criterion) 
CDFA – California Department of Food and Agriculture 
DPR - Department of Pesticide Regulation 
EC – Emulsifiable Concentrate 
EC50 – Effects concentration that causes the measured effect in 50% of the test 
organisms during the test time period 
ELIZA – Enzyme-linked immunosorbent assay 
FIFRA - Federal Insecticide, Fungicide, and Rodenticide Act 
Formulation – Complete pesticide product, including active ingredient and all other 
ingredients 
FQPA - Food Quality Protection Act 
Half Life – Time required for 50% of a quantity of a substance to decompose 
HSDB - National Library of Medicine’s Toxnet Hazardous Substances Data Bank 
Inert ingredient – Pesticide product ingredients other than the active ingredient 
IRED – Interim Registration Eligibility Document 
Koc – organic carbon normalized partition coefficient 
Kow – Octanol/water partition coefficient 
LAPU – Annual load as a percent of use 
LC50 – Lethal Concentration that kills 50% of test organisms during the test time period 
MATC – Maximum Acceptable Toxicant Concentration 
MSDS – Material Safety Data Sheet 
M.W. – Molecular weight 
NAWQA – National Water Quality Assessment, conducted by the United States 
Geological Survey 
NPDES - National Pollutant Discharge Elimination System 
OPP - Office of Pesticide Programs, part of the United States Environmental Protection 
Agency 
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PBO – Piperonyl butoxide 
PCO - Pest control operator 
POTW - Publicly operated treatment works (sewage treatment plants) 
Product Label – The label on a pesticide product offered for retail sale 
ppb - Parts per billion (micrograms per liter) 
ppm - Parts per million (milligrams per liter) 
ppt - Parts per trillion (nanograms per liter) 
RED - Registration Eligibility Document 
Regional Board - California Regional Water Quality Control Board 
Site of use - Location where a pesticide may legally be applied 
State Board - State Water Resources Control Board 
SWMI - Surface water mobility index 
TIE - Toxicity Identification Evaluation 
TMDL - Total Maximum Daily Load 
Torr - Unit of pressure, approximately 1/760 of an atmosphere 
USEPA - United States Environmental Protection Agency 
USDA – United States Department of Agriculture  
USGS – United States Geological Survey 
WP – Wettable powder 
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Pesticides are in the water supply of many
California communities. The drinking water
in some areas is unquestionably hazardous to
the health of the residents who drink it. In
other areas, evidence is strong that the risks
are high, although the state has not adopted
guidelines to protect public health based on



the latest research. In many
places, testing is so inadequate
that nobody knows what is in the
public water supply.



State agencies have blindfolded
themselves by establishing regula-
tions and procedures which pre-
vent them from getting a clear
picture of the extent of pesticide
contamination. In some ways,
they have clearly lacked the po-
litical will to take action. In other



respects, these agencies simply lack the re-
sources to protect public health effectively.



Pesticides are regularly
detected in drinking water
sources throughout
California
Analysis of the databases maintained by the
agencies studying California water quality
shows that pesticide detections are common.
One hundred one pesticides and related com-
pounds have been detected in the state’s
drinking water sources over the past ten
years. Thirty-one have been detected in more
than ten sources, and seven in more than 100
sources.



Pesticide contamination is worst in the Cen-
tral Valley, but occurs throughout the state.
Pesticides have been detected in the sources
of water suppliers serving 16.5 million people
in 46 of California’s 58 counties over the past
ten years. Only 40 of the 600 water suppliers
that have detected pesticides in their water
sources use the expensive treatment facilities
that effectively reduce the concentration of
pesticides in water.



Many Californians are exposed to
pesticides in drinking water at levels
that threaten their health
Two pesticides—DBCP and EDB—have
repeatedly been detected throughout the state
at concentrations higher than state-estab-
lished Maximum Contaminant Levels
(MCLs). Both of these are soil fumigants that
have long been banned, but both continue to
persist in the water in many areas.



Other pesticides are detected above the level
believed to cause a significant health risk, but
below the maximum level allowed by law.
The Public Health Goals (PHGs) of ten of
the 19 pesticides for which the Office of En-
vironmental Health Hazard Assessment has
revised its risk assessment in the past two
years are lower than the MCLs. Seven of
these ten pesticides have been detected above
the PHG but below the MCL. Most notable
among these are atrazine, an herbicide still in
use, and DBCP.



Executive Summary



Pesticides have been
detected in the sources



of water suppliers
serving 16.5 million



people in 46 of
California’s 58 counties
over the past ten years.



Toxics on Tap
Pesticides in California Drinking Water Sources



Author
Brad Heavner, California Public Interest Research Group Charitable Trust
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New evidence demonstrates that
much of California’s public water
supply is at higher risk than existing
standards indicate
New studies show that Californians are also
at risk from the many pesticides for which
state agencies have not performed an official
risk assessment or for which assessments are
many years old. Data published by the U.S.
Environmental Protection Agency (EPA) on
carcinogens shows that simazine, diuron, and
molinate are hazardous at concentrations
lower than the levels at which these herbi-
cides are detected in California. Other pesti-
cides which are detected with some frequency
warrant strict health standards, based on their
cancer-causing effects as determined by EPA.



Regulators evaluate the health effects of expo-
sure to pesticides one pesticide at a time. In
reality, we are exposed to a multitude of pesti-
cides. While numerous studies have given
qualitative proof that negative effects are
compounded by multiple contaminants
working together, few studies have resulted in
hard numbers to quantify those compounded
effects. Rather than building an extra margin
of safety into their assessments for this uncer-
tainty, California regulators continue to ig-
nore it altogether.



State regulatory agencies have
failed to protect Californians
adequately from pesticides in
drinking water
The Department of Pesticide Regulation
(DPR) is the state agency charged with over-
seeing pesticide use to prevent contamination
of drinking water sources. Under previous
administrations, DPR’s commitment to this
mission has been weak at best—the regula-
tions DPR put in place to implement pollu-
tion prevention laws have been ineffective,
and work has proceeded very slowly. Deci-
sions by upper management at DPR have
prevented the rest of the department from
doing their jobs effectively.



In 1986, California legislators passed the Pes-
ticide Contamination Prevention Act. Its
stated purpose was “to prevent further pesti-
cide pollution of the groundwater aquifers of
this state which may be used for drinking



water supplies.” The law gave DPR the re-
sponsibility of identifying potential contami-
nants, checking for them in groundwater,
and limiting their use when they are found.



DPR has come up short in each of the four
main requirements of the Act:



• The restrictions placed on the pesticides
known to pollute groundwater have been in-
effective at preventing further contamination.
DPR placed restrictions on seven pesticides
from 1986–90 due to their detection in
groundwater, yet each of those pesticides
has continued to be detected since then.
No other pesticides were restricted due to
groundwater contamination until 1997,
when use of norflurazon was restricted
slightly.



• DPR has delayed identifying and evaluating
pesticides likely to contaminate groundwater.
Thirteen years after creating a priority list
for groundwater monitoring, DPR has sat-
isfied the testing requirements for only 19
of the 63 pesticides on the list.



• DPR does not follow up on all detections re-
ported by other agencies. According to
DPR’s database, DPR never attempted to
follow up on thousands of detections re-
ported by other agencies. The detections
that were followed up on were not re-
sampled until an average of 25 months af-
ter the initial detection.



• DPR does not collect all available data on
groundwater testing for pesticides. Over
9,000 records of pesticide detections by the
Department of Health Services and the
U.S. EPA are not in the DPR database.
This includes detections of over 100 pesti-
cides, some of which were detected above
health standards.



The California Department of Health Ser-
vices (DHS) is the state agency charged with
overseeing water suppliers to protect public
health from exposure to unsafe levels of pesti-
cides in drinking water. Their efforts fall
short in three main areas:



• The maximum level of contamination al-
lowed in drinking water for some pesticides is
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higher than the level believed to cause a sig-
nificant health risk. For some pesticides,
this is due to provisions in the law which
allow DHS, after a cost-benefit analysis, to
adopt standards much weaker than an
analysis of health effects alone would dic-
tate. For other pesticides, this is due to the
slow pace at which DHS accepts new sci-
entific understanding. For 15 of the 27
pesticides which currently have enforceable
standards, those standards allow for signifi-
cant risk to public health. In addition, ac-
cording to studies approved by U.S. EPA,
standards should be set for other pesticides
which are not currently regulated, includ-
ing 29 pesticides believed to have carcino-
genic effects.



• DHS ignores valuable data in their assess-
ments of the extent of pesticide contamination
of drinking water sources. DHS sets weak
statewide reporting limits based on the
minimum technological standards for labo-
ratories, and instructs labs not to report
detections at concentrations below those
limits. Detections below those levels by
more sensitive instrumentation are treated
as non-detections. Some reporting limits
are higher than levels believed to cause a
significant health risk. Only six of the 27
regulated pesticides have reporting limits
low enough to identify contamination
problems that are approaching dangerous
levels.



• DHS does not force many small water suppli-
ers to comply with minimum testing require-
ments. Over 1,700 water suppliers, serving
nearly two million people, have never
tested for pesticides, according to the DHS
water quality database. Most of these are
small rural water suppliers, which are often
the most vulnerable to pesticide contami-
nation.



Legal protections are not as strong for surface
water as they are for groundwater. Although
pesticide contamination of surface water
sources has been widespread throughout the
past 20 years, no formal mechanism for ad-
dressing this problem was in place until two
years ago. In 1997, DPR, together with the
State Water Resources Control Board, de-



vised regulations to control polluted run-off.
These new regulations are now about to be
used for the first time for just one pesticide.



Recommendations
Recommendations for the
Department of Pesticide Regulation
• Phase out the use of all pesticides that are con-



tinually contaminating drinking water
sources. Atrazine, bromacil, diuron,
molinate, and simazine have been plaguing
California drinking water sources for years.
Use restrictions have not been effective at
ending contamination. All are suspected or
known human carcinogens for which there
is no safe use.



• Protect groundwater effectively by beginning
to honor the spirit of the Pesticide Contami-
nation Prevention Act. The intent of this act
was to prevent all future pesticide contami-
nation of groundwater, yet DPR in the
Wilson Administration hid behind a regu-
latory system which allowed contamination
to continue. In its current revision of these
regulations, DPR should implement a sys-
tem which is effective at prevention.



• Take decisive action for the protection of sur-
face water. Pesticide contamination of sur-
face water is not controlled as strictly as
groundwater. DPR should create a system
for surface water for the purpose of pre-
venting all future contamination.



• Increase emphasis on the encouragement of
least-toxic pest control methods. Alternatives
to synthetic pesticides have been proven
successful, and should be encouraged to
spread as rapidly as possible. If all of the
environmental and social costs associated
with heavy use of synthetic pesticides were
taken into account, and if least-toxic pest
control methods were given the amount of
support now given to the use of chemical
pesticides, use of least-toxic methods by
California growers would increase expo-
nentially.



Recommendations for the
Department of Health Services
• Revise Maximum Contaminant Levels to



make them fully protective of public health.











As the new Public Health Goals show that
MCLs allow levels of contamination that
may harm human health, DHS should act
quickly to correct this shortcoming. DHS
should also adopt health standards for pes-
ticides that are not currently regulated but
have been shown to be a potential threat to
public health.



• Stop ignoring valuable data in assessing the
extent of pesticide contamination. Discarding
pesticide detections below weak reporting
limits skews DHS’s understanding of the
extent of the problem and affects their
choice of solutions.



• Do not allow small water suppliers to slip
through the regulatory cracks. Since small,
rural water suppliers are generally more
vulnerable to pesticide contamination, it is
a severe health risk to allow them to pump
out untested drinking water.
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Recommendations for individuals
• Call or write Governor Davis to express



your concern about pesticide contamina-
tion of drinking water sources.



• Get information from your local water util-
ity to determine if pesticide contamination
of drinking water is a problem in your
community.



• Call on your local school system and local
government to stop using toxic pesticides.



• Convince local authorities to maintain the
roadsides in your community without the
use of pesticides.



• Buy organic foods.



• Use least-toxic pest control methods at
home.
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The growing use of pesticides since the
middle of this century has resulted in in-
creased pesticide contamination of our natu-
ral resources. By relying on the intensive use
of toxic pesticides, farms have been able to
become massive and profitable production
facilities with rows of a single crop stretching
as far as the eye can see. But counting this
agricultural model as a success ignores the
damage these pesticides are doing to our
health and to the health of our environment.



With over 600 pesticides currently in use in
California, and with over 14,000 water sup-
pliers throughout the state, determining
which pesticides have contaminated which
water supplies and what the health risks may
be is a monumental task. From the testing
that has been done, we know that pesticide
contamination is a major problem. As more
studies are done, researchers understand the
problem to be worse than anticipated. Ac-
cording to the U.S. Geological Survey, “the
primary criterion for whether pesticides had



been detected in the groundwa-
ter in a state appears to be
whether or not [researchers]
have looked.”1



Communities like Dinuba, Cali-
fornia, have learned their lesson
the hard way. The economy of
this small town southeast of
Fresno relies heavily on agricul-
ture. From the 1950s through
the 1970s, farmers in Dinuba



injected the soil fumigant DBCP into the
soil to kill the tiny worms that had become a
problem in their crops. Farmers were thrilled
with this chemical’s effectiveness in killing
the pests without harming the plants. Agri-
culture thrived and the town boomed.



Then scientists revealed that DBCP is a po-
tent carcinogen and reproductive toxicant,
and the chemical was found in the ground-
water below Dinuba. The town soon discov-
ered that nearly all of its water supply was



contaminated, and was forced to close 11 of
its 15 wells. Water has since been in such
short supply there that the local water utility
has sometimes been forced to draw from the
polluted wells. They warn residents to boil
the water before drinking it, even though this
does not treat pesticide contamination.2



DBCP has been banned statewide, but we
are no less dependent on toxic chemicals for
pest control. California’s annual pesticide use
has grown to over 200 million pounds. Each
year since regular testing began 14 years ago,
new pesticides have been detected in drink-
ing water sources.



California law concerning pesticide contami-
nation of water is based on the premise that
“evidence of relatively localized levels of pesti-
cide pollution should be treated as a warning
of more widespread, future contamination.”3



Yet state agencies are still treating pesticide
detection as a local problem concerning only
the particular pesticide in each specific detec-
tion. By continuing to use massive amounts
of the pesticides that are known to have con-
taminated water supplies, California pesticide
users are making the contamination worse,
threatening public health and destroying
valuable natural resources.



Knowing what we know now, we have ample
reason to change the way we grow our food.
We can and should phase out the pesticides
known to be contaminating our water sup-
ply. We can and should embrace the many
non-toxic pest control methods which have
been proven successful, and which would
flourish if given proper encouragement. The
alternative is to continue business as usual
until the diminishing supplies of clean water
cause California’s world-famous water wars
to escalate even further, with victims of can-
cer, reproductive problems, and other health
effects wondering why we didn’t act sooner.



Each year since regular
testing began 14 years



ago, new pesticides
have been detected in
drinking water sources.



Preface
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Most California farmers are highly
dependent on the use of pesticides,
and the side effects are becoming
clearer all the time. The more we
look for pesticides in the water, the
more we find them. Pesticides per-
sist longer and are more mobile
than was previously expected. Now
that drinking water sources are be-
coming contaminated, we find
that pesticides are difficult to re-
move. Our health is at risk, and we
are losing precious resources.



Many pesticides have
been detected
An analysis of the databases main-
tained by the agencies overseeing
California drinking water quality
has revealed some very troubling
signs.4



• One hundred one pesticides and
degradates5 have been found in
California drinking water
sources over the past ten years.



• Seven pesticides and degradates
have been found in more than
100 sources.



• Thirty-five pesticides and
degradates have been found in
more than 10 sources. Fifteen of
these pesticides are used in
amounts of more than 100,000
pounds per year.



• In 1997, California pesticide
applicators used 49 million
pounds of the pesticides that
have been found in drinking wa-
ter sources. This accounts for
24% of total pesticide use that
year.6



1  Pesticide Contamination of California
Drinking Water Sources Is Widespread



Table 1-1. Pesticides Detected in More Than
Ten Sites in California Since 1990



Pounds Surface
Used Groundwater Water Total Sites
in CA Wells with Sites with with



Pesticide in 1997 Detections Detections Detections
DBCP banned 918 19 937



Simazine 764,586 580 34 614



Diuron 1,228,114 343 8 351



ACET degradate 202 – 202



Atrazine 46,568 178 11 189



Bromacil 82,424 179 – 179



EDB banned 129 10 139



Deethyl atrazine degradate 68 1 69



1,2–Dichloropropane banned 63 – 63



TPA degradate 62 – 62



DACT degradate 47 – 47



Prometon 20 28 4 32



Bentazon 1,907 16 7 23



Methyl bromide 15,663,832 16 4 20



Diazinon 955,108 4 14 18



2,4–D 609,039 5 13 18



Chlorthal 342,000 8 7 15



Aldicarb sulfoxide degradate 12 2 14



Dalapon 2 7 6 13



Metolachlor 212,714 5 7 12



Carbaryl 753,801 5 7 12



Aldicarb sulfone degradate 10 2 12



Heptachlor banned 9 2 11



Norflurazon 212,621 10 1 11



Carbon disulfide – 10 1 11



EPTC 579,245 2 9 11



Thiobencarb 894,287 1 10 11



Chlorpyrifos 3,152,564 1 9 10



Trifluralin 1,433,999 2 8 10



Cyanazine 470,838 4 6 10



Molinate 1,170,699 2 8 10
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Pesticides have been detected
throughout the state
Many different factors contribute to pesticide con-
tamination of drinking water sources, including the
chemical properties of pesticides, amounts used, ap-
plication methods, type of soil, amount of rainfall,
proximity to rivers, and the depth of groundwater
aquifers. Clearly, contamination is worse where pes-
ticides are used most heavily—California’s Central
Valley has the worst contamination problem in the
state. But the problem is not limited to that region.
Pesticides are used throughout the state, and the
combination of factors that allow for pesticides to
move into drinking water sources exists in many
areas.



Pesticides have been detected in 1,877 groundwater
wells and surface water sites in 46 of California’s 58
counties in the past ten years.7 Twenty-six counties
have had detections in at least ten locations.



In California, 16.5 million people get their tap wa-
ter from water suppliers that have had pesticide de-
tections in their principal water sources.8 Many wa-
ter systems also supplement their supplies with wa-
ter from the State Water Project (SWP), which regu-
larly tests positive for pesticides (see page 38-9). The
Department of Water Resources, which runs SWP,
estimates that 20 million Californians receive some
amount of SWP water.



Routes of Contamination
Groundwater has been found under ap-
proximately 40% of California’s surface
area. The California Department of Wa-
ter Resources has identified 450 different
groundwater basins, with the largest aqui-
fers lying below the cropland of the Cen-
tral Valley. Ninety percent of the state’s
water suppliers, serving 9 million people,
use groundwater for at least part of their
total supply. In rural areas, 90% of the
population rely exclusively on groundwa-
ter for their drinking water supply.1



Surface water is stored in reservoirs
during the rainy winter months and
spring thaw, and slowly released into riv-
ers and aqueducts throughout the year.
With over 1,400 dams currently in op-
eration in California, virtually the entire
hydrologic system of the state is engi-
neered to meet human water needs.2



to the ground as precipitation, then drain
into surface water bodies or seep into
groundwater aquifers.



1 California Department of Health Services, Office
of Drinking Water, Drinking Water into the 21st
Century: Safe Drinking Water Plan for California:
A Report to the Legislature, January 1993, 30.



2 California Department of Water Resources, Divi-
sion of Safety of Dams, Bulletin 17-93, 1993.



Pesticides enter into surface water and
groundwater through a variety of av-
enues. Rain and irrigation water wash
pesticides away from farms and urban ar-
eas into surface waters. This pollution can
be washed down rivers, sink into the
groundwater below rivers, or cling to the
sediment lining waterways and be re-
leased slowly. Runoff can also stream
down inactive wells that are poorly sealed
or drainage wells intended to clear water
from low-lying areas. Pesticides which
sink below the soil surface where they are
applied can cling to water molecules and
leach all the way through the topsoil and
into groundwater aquifers. Often this
leaching is aided by cracks running
through the more dense sections of soil
and clay. Even aerial pesticide drift can be
picked up by moisture in the air and fall



Table 1-2. Counties with Pesticide
Detections at Ten or More Sites



Sites with Pesticides No. of
County Detections Detected Detections
Fresno 482 30 5,743
Tulare 365 21 2,326
Kern 167 19 991
Stanislaus 160 36 1,382
Los Angeles 148 21 1,991
Riverside 119 15 1,777
San Bernardino 92 12 815
San Joaquin 86 19 987
Merced 58 40 718
Orange 53 8 136
Monterey 26 9 65
Alameda 18 18 32
Madera 17 13 75
Ventura 17 11 68
San Luis Obispo 17 9 20
Solano 15 19 128
Tehama 15 10 68
Santa Barbara 15 13 29
Santa Clara 14 8 21
Yolo 13 12 42
Contra Costa 12 16 40
Yuba 11 6 36
San Diego 11 7 33
Glenn 11 8 32
Del Norte 10 4 79
Napa 10 3 10
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Table 1-3. Large Water Suppliers with the Most
Detections*



Population Sites with Pesticides
Water Supplier Served Detections Detections Detected
Anaheim, City of 292,900 45 19 4



Bakersfield - CWSC 182,670 37 6 3



Bell, Bell Gardens–SCWC 48,500 16 4 3



Camrosa Water District 27,000 51 8 9



Claremont–SCWC 34,028 261 23 8



Coachella VWD–
       Cove Community 167,782 10 3 2



Corona, City of 104,000 37 5 1



Cucamonga CWD 128,000 1,384 19 3



Delano, City of 29,944 83 10 3



Downey, City of 91,000 47 9 5



East Bay MUD 1,300,000 10 6 6



Eastern Municipal WD 253,705 13 2 1



Fullerton, City of 117,420 14 6 3



La Verne, City of 30,897 54 4 1



Lake Hemet MWD 43,939 15 4 2



Los Angeles
     Dept. of Water & Power 3,700,000 50 14 3



Madera, City of 35,515 33 4 5



Manteca, City of 44,500 60 8 3



Merced, City of 61,400 30 4 2



Oceanside, City of 142,000 22 3 1



Riverside, City of 245,000 1,589 82 12



Rubidoux Community SD 25,000 22 6 3



Sacramento, City of 374,600 29 4 4



San Bruno, City of 39,000 11 1 1



Santa Clarita Water Co. 49,500 10 4 3



South Gate, City of 82,550 13 2 3



South San Francisco–CWSC 56,200 27 3 2



Stockton - CWSC 155,670 15 3 1



Stockton, City of 96,000 25 2 2



Tracy, City of 46,500 20 5 5



Tulare, City of 39,800 29 6 3



Upland, City of 66,383 132 6 1



Vallejo, City of 121,600 16 6 4



Yorba Linda Water District 70,000 49 14 8



* Water suppliers which serve at least 25,000 people with at least ten pesticide detections in the past ten years, exclud-
ing suppliers which treat water for pesticides.
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ter. In recent years, however, this belief has
been shattered by field measurements.



Scientists predict the rate of pesticide decom-
position through laboratory measurements of
half-lives, the length of time required for the
concentration of a pesticide to be reduced by
half. It is generally assumed that pesticides
with longer half-lives are more likely to leach
to groundwater, since they have more time to
filter through the soil before they break
down, and persist longer once they reach the
water. However, in the results of the first
phase of the National Water-Quality Assess-
ment Program, the largest nationwide study
of pesticides in groundwater currently under-
way, scientists at the U.S. Geological Survey
(USGS) were surprised to find a low correla-
tion between half-lives and pesticide leaching,
indicating that pesticides do not break down
in soil and water as expected from laboratory
experiments. The study’s authors suggest that
this unexpected result may be due to the
“variable manner” in which half-lives are de-
termined.10



A recent USGS report in California reveals
another puzzling finding—the fumigant
DBCP is present at high concentrations even
in water that has percolated into groundwater
aquifers years after use of the pesticide
ended.11 DBCP, which was determined by
the Department of Pesticide Regulation
(DPR) to have a soil half-life of 180 days,12 is
still leaching into groundwater at toxic levels
22 years after it was banned. Other studies
estimate the half-life of DBCP to be as long
as 141 years.13 Further investigation by
USGS put DBCP’s half-life at 6.1 years, and
estimated that DBCP will continue to cycle
through the hydrologic system at dangerous
levels for 70 years after use of the pesticide
ended.14



A recent DPR study of herbicide leaching
shows that the time between the application
of a pesticide and its detection in groundwa-
ter can be as long as 33 years.15 DPR has thus
concluded that “since degradation of pesti-
cides or their breakdown products is generally
much slower in ground water than at the sur-
face, it may take many years for residues in



Losing precious resources
Throughout the history of California, battles
over water rights have been at the forefront of
settlement and development issues. These
battles have been the focus of political cam-
paigns, Hollywood movies, and Supreme
Court decisions. A formerly arid region has
been transformed to support the most popu-
lous state in the country, which is also the
nation’s largest agricultural producer.



Water use in California already
surpasses sustainable annual sup-
ply. Groundwater overdraft—
taking more from an aquifer
than is naturally replenished—
results in resource loss, sea water
intrusion, and sinking land.
Overuse of surface water de-
grades habitat for fish and wild-
life. The Department of Water
Resources (DWR) estimates that



we currently use 2% more water in average
years than the hydrologic system can sustain,
and 9% more in drought years.9



With California’s population in a continual
boom, water scarcity will become even more
of a problem in the coming decades. If per
capita water consumption rates do not drop
substantially, water shortages will certainly
lead to mandatory cutoffs and economic dis-
locations.



Contamination of water supplies will further
exacerbate water shortages around California.
As removing pesticides from a contaminated
water body is often prohibitively expensive,
the most common response to pesticide con-
tamination of water supplies has been to
abandon the polluted sources and search for
new ones. With water already in short supply,
California communities cannot afford to take
this approach any longer. The only truly ef-
fective solutions are pollution prevention and
increased water use efficiency.



Persistence
No one knows how long pesticides will re-
main in groundwater once aquifers are con-
taminated. As pesticide use skyrocketed over
the past fifty years, conventional wisdom held
that pesticides dissipate quickly in groundwa-



No one knows how
long pesticides will



remain in groundwater
once aquifers are



contaminated.











15



ground water to dissipate.”16 Unfortunately,
DPR has used this long lag time to justify a
wait-and-see approach, hoping that the mini-
mal restrictions on pesticide applications re-
cently established will result in major reduc-
tions in pesticide detections more than a de-
cade from now.17



Few water suppliers treat
drinking water to remove
pesticides
The first defense against unsafe drinking wa-
ter should always be to protect the source.
DHS itself sees the need for “a strong well-
head protection program,” arguing in its last
comprehensive statewide analysis of drinking
water quality in 1993 that “if one had been
established and in place, many of the ground-
water contamination problems experienced
throughout the state may have been
avoided.”18



Once a water source is contaminated, treat-
ment is the second line of defense. Pesticides,
however, are very difficult to remove. Granu-
lar activated carbon (GAC) plants are needed
to remove most pesticides. Packed tower aera-
tion (PTA) also works for the few pesticides
that are volatile.19 These two types of treat-
ment are extremely expensive and are used by
very few water suppliers in the state. Even
when these treatment types are used, they
will only reduce the concentration of pesti-
cides, not remove the pesticides altogether.



Construction costs for GAC treatment facili-
ties start at $375,000 and run into the many
millions of dollars.20 The City of Fresno in-
tends to spend up to $100 million over the



next thirty years for GAC treatment to re-
duce the level of the soil fumigant DBCP in
its public water supply.21 The City of River-
side recently estimated initial costs of $57
million and ongoing operating costs of $6.7
million per year to remove DBCP from its
water. This would cost each Riverside resi-
dent $195 per year, raising their bills by
43%.22



Only forty of the six hundred water suppliers
that have detected pesticides in their water
sources use the types of treatment that re-
move pesticides from water. These forty sup-
pliers serve 2.2 million people. Fourteen mil-
lion Californians are served by water suppli-
ers that have detected pesticides in their
sources and have no facilities in place to clean
up pesticide contamination.23



Table 1-4. Largest Water Suppliers with
Pesticide Treatment Capacity*



Population Treatment
Water Supplier Served Type
Fresno, City of 390,350 GAC
Contra Costa Water District 225,000 GAC
Modesto, City of 180,320 GAC
Pasadena, City of 155,000 PTA
San Gabriel Valley Water Co.–
     El Monte 151,064 PTA
San Bernardino, City of 139,789 GAC
Pomona, City of 131,723 PTA
Orange, City of 116,800 PTA
Monterey District–
     Cal-Am Water Co. 108,271 GAC



* Data on treatment facilities from California Department of Health Services,
“Permit, Inspection, Compliance, Monitoring, Enforcement Database,” Octo-
ber 1998.  See also endnote 23.
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Testing Requirements and Response to Detections



Testing for regulated pesticides1



The 1986 amendments to the federal Safe Drinking
Water Act (SDWA) require water suppliers to conduct
periodic testing for all regulated chemicals. Large sup-
pliers must collect a minimum of two samples three
months apart every three years for each of the 27 pesti-
cides that are regulated in California. Small suppliers
must collect one sample every three years.2



If a pesticide is detected in a water source by a water
supplier, but not above a level determined to be a
threat to public health, the supplier must step up test-
ing for the pesticide in that source to a rate between
one and four times per year, at the discretion of the
DHS district engineer.



When contaminants are found above Maximum
Contaminant Levels (MCLs)—the maximum “safe”
levels set for 27 pesticides based on laboratory stud-
ies—the water supplier is required to increase testing
further. Large suppliers must test monthly for six
months. Small suppliers must test quarterly for one
year. Only when the average of all of these tests is
above the health standard is the source deemed to be
out of compliance. If the average is below the health
standard, a supplier can reduce the testing frequency,
provided that the annual average remains below the
health standard.



Response to health standard violations
If the average is above the health standard, the supplier
has three options. The cheapest response is to blend
the contaminated water with other sources to reduce
the level of contamination before the water enters the
distribution system. If no clean sources are available to
dilute the pollution, the supplier must stop using the
source or build treatment facilities to remove a portion
of the pesticides from the water (see previous page).3



When sources are shut off, water suppliers can either
close them down permanently or keep them inactive,
hoping that pollution prevention activities will slowly
reduce the level of contamination.



Testing for unregulated pesticides
EPA required testing for a secondary list of another 20
pesticides beginning in 1986. In one year out of five,
groundwater sources were tested once, and surface wa-
ter sources quarterly. To comply with the 1996 amend-
ments to the Safe Drinking Water Act, EPA decreased
this list to 15 pesticides in August 1999, and increased
the testing requirement for groundwater sources from
once to twice each five years.4



The 15 regional DHS offices also have the authority
to require testing for any additional contaminant they
determine to be a potential threat to a water source.
These requirements are specific to each water source,
and vary widely.



Source vs. tap concentrations
Testing is done at the source—at the wellhead for
groundwater and at the water system intake for surface
water. In the rare cases where water is treated for pesti-
cides, water is tested after treatment. State law assumes
the worst-case scenario: that all of a water supplier’s
consumers receive water at the tap with the same level
of contamination found at the source. Due to the
complexity of distribution systems, it is impossible to
predict accurately how dilution may lower concentra-
tions once water leaves a treatment plant or an un-
treated source. In most cases, some portion of the
population will indeed be receiving the full dose of
contamination.



1 “Regulated pesticides” refers to those that are controlled as drinking
water contaminants by the California Department of Health Ser-
vices. The use of all pesticides is regulated by the Department of
Pesticide Regulation, but drinking water is regulated for only 27
pesticides (see page 20).



2 Large suppliers are public water systems serving 200 or more build-
ings. Small suppliers serve less than 200 buildings.



3 California Department of Health Services, California Safe Drinking
Water Act & Related Laws, 6th Edition, 198-205.



4 U.S. EPA, Revisions to the Unregulated Contaminant Monitoring
Regulation for Public Water Systems: Final Rule (pre-publication
notice), 6 August 1999.
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Agencies monitoring drinking water quality
in California have detected two pesticides
throughout much of the state at levels higher
than those deemed “safe” by regulators. In
addition, risk analysts have recently deter-
mined that health effects may occur from
exposure at concentrations below those offi-
cial standards, and many pesticides have been
detected at those lower concentrations.



Concentrations that violate
legal limits
The only legally enforceable standards are the
California Maximum Contaminant Levels
(MCLs) set by the Department of Health
Services (DHS) for 27 pesticides. Sixteen of
these 27 pesticides have been detected at least
once above MCLs, although most of those
detections were not verified by follow-up test-
ing. Two pesticides have been found repeat-
edly around the state above MCLs—DBCP
and EDB.



DBCP
DBCP (1,2-dibromo-3-chloropropane) is a
soil fumigant which was widely used for 20
years primarily in vineyards and orchards to
kill nematodes, tiny root-eating worms. In
1977, due to the startling revelation that the
chemical caused sterility in formulation plant
workers, the California Department of Food
and Agriculture suspended use of DBCP.
Two years later, as DBCP began to show up
in groundwater tests in Northern and Central
California, U.S. EPA banned the pesticide
nationally. DBCP was later shown to cause
cancer and other health effects.



Since it was banned, there have been more
detections of DBCP in California than of all
other pesticides combined. In the Central
Valley alone, DBCP has contaminated 7,000
square miles of groundwater.24



DHS set the Maximum Contaminant Level
for DBCP at a level which is 100 times less
protective than the standard for other MCLs,
using a one in ten thousand cancer risk rather
than the one in a million cancer risk used to
set MCLs for all other carcinogens. Although
risk assessment showed health hazards at con-
centrations of DBCP in drinking water of
0.002 parts per billion (ppb), DHS raised
this to 0.2 ppb after their cost-benefit analy-
sis. DHS took the position that “economic
feasibility precluded regulating at a more
stringent level.”25 California law requires
MCLs to be set for carcinogens at a level
which “avoids any significant risk to public
health,”26 yet in the field of risk assessment
one death per ten thousand people is widely
considered to be much more than “signifi-
cant.”



Even with this less stringent health standard,
detections of DBCP have ex-
ceeded the MCL repeatedly.
Government agency databases
have records of 3,600 DBCP de-
tections above the MCL in 315
active drinking water sources in
the past ten years. These drinking
water sources are used by water
suppliers located in 15 counties
across California, from
Mendocino to Alameda to Los
Angeles to Tulare to Merced.



Fresno, Riverside, Bakersfield
Fresno’s battles with DBCP are well-known
throughout the country. Forty-four Fresno
wells were shut down in the 1980s due to
DBCP contamination, in one of the first ma-
jor pesticide contamination cases in a major
city. Since Fresno draws all of its water from
local groundwater, the city has had to
scramble to drill new wells away from the
plume of contamination. DBCP has been
detected 423 times in the past ten years in
the City of Fresno’s water sources at levels



Official Health Levels
2  Pesticides Are Found Above



Forty-four Fresno wells
were shut down in the



1980s due to DBCP
contamination, in one of
the first major pesticide
contamination cases in a



major city.
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that have exceeded the MCL of 0.2 ppb. A
recent USGS study estimates that DBCP will
be present in the groundwater of the eastern
San Joaquin Valley at concentrations above
the MCL until 2050.27



Riverside has also been struck hard by DBCP.
DBCP has been detected above the MCL
353 times in the past ten years in Riverside



water sources. Dozens of wells
still show measurable levels of
DBCP. At least seven wells are
still testing above the MCL, al-
though the water from those wells
is diluted to reduce the contami-
nation before it is delivered to
consumers.



Around the time of its introduc-
tion in the 1950s, Dow Chemi-
cal, Shell Oil, and Occidental
Chemical, the manufacturers of
DBCP, knew it presented a health
hazard. A lawsuit brought by the
City of Fresno against the manu-



facturers of DBCP also revealed that “defen-
dants Dow and Shell failed to disclose past
well contamination incidents or scientific
data showing its potential to leach to ground-
water, and failed to conduct requested test-
ing.”28 The manufacturers settled before the
jury could return a precedent-setting verdict
on the case. The total value of the settlement
was $80-100 million, depending on how
many wells become contaminated in the fu-
ture due to continued leaching of the pesti-
cide from the soil down into the aquifers.29 In
all, Dow, Shell, and Occidental have settled
with more than 30 cities in the San Joaquin
Valley for hundreds of millions of dollars.30



In Bakersfield, the parents of children ex-
posed to DBCP in drinking water at school
have brought a lawsuit against the pesticide’s
manufacturers. A study commissioned by the
plaintiffs found that over half of the men
studied who had been exposed as children
had developmental disorders or were experi-
encing reproductive problems. The limited,
preliminary study will likely be followed up
by a more rigorous independent study soon.31



DBCP has been detected in Kern County
over 700 times in the past ten years in 116



wells. Forty-seven Kern County water suppli-
ers have detected DBCP in their sources at
least once.



MCL revision
DHS is now considering a more protective
MCL for DBCP. Legislation passed in 1996
requires DHS to review all MCLs at least
once every five years.32 DHS’s process for
complying with this new law has been to wait
for the Office of Environmental Health Haz-
ard Assessment (OEHHA) to issue Public
Health Goals, and then determine whether
an MCL review is warranted based on
OEHHA’s new assessment. As part of this
process, DHS announced in April that “due
to the facts that the MCL was not set at the
de minimus risk level and that DBCP is still
detected in some drinking waters supplied to
the public, DHS is including this chemical”
on the list of substances to be reviewed for
possible MCL revision.33



EDB
Beginning in 1948, EDB (ethylene
dibromide) was used as a soil fumigant. Like
DBCP, it is persistent, mobile, and extremely
toxic. These properties make the two fumi-
gants effective in killing nematodes, but also
lead to groundwater contamination, posing a
severe threat to human health.



In 1984, when enough evidence was as-
sembled to classify EDB as a potent carcino-
gen and a likely drinking water contaminant,
the pesticide was banned. Since then, re-
search has shown EDB also to be a mutagen
and reproductive toxicant.



DHS set the Maximum Contaminant Level
for EDB at 0.05 ppb. Over the past ten years,
the pesticide has been detected above this
level 233 times in 63 locations in 11 coun-
ties.



Other pesticides
Fifteen of the 25 other regulated pesticides
have been detected above the MCL at least
once, although only four have been found at
such levels ten times or more. In addition to
DBCP and EDB, 1,2-Dichloropropane has
been found above its MCL in 45 tests, and
heptachlor has been found above its MCL in



Around the time
of its introduction
in the 1950s, Dow



Chemical, Shell Oil, and
Occidental Chemical, the
manufacturers of DBCP,



knew it presented a
health hazard.
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Table 2-1. MCL Exceedences by County



Sites Tests DBCP EDB Other
with MCL Exceeding MCL MCL MCL



County Exceedences MCL Exceeded Exceeded Exceeded
Fresno 88 1,379 Y Y Y



Kern 54 285 Y Y



Stanislaus 32 308 Y Y



Tulare 32 188 Y Y



Riverside 28 389 Y Y Y



San Bernardino 28 288 Y Y



San Joaquin 26 355 Y Y



Los Angeles 23 567 Y Y Y



Merced 13 80 Y Y



Alameda 7 7 Y Y Y



Yolo 4 14 Y Y



Del Norte 4 8 Y



Ventura 3 20 Y Y



Santa Clara 3 3 Y



Monterey 2 20 Y



Madera 2 19 Y Y



San Mateo 2 10 Y



Tehama 2 6 Y



Santa Barbara 2 2 Y



Contra Costa 1 2 Y



Lake 1 2 Y



San Diego 1 2 Y



Santa Cruz 1 2 Y



Butte 1 1 Y



Mendocino 1 1 Y



Solano 1 1 Y



ten tests. All four of these pesticides are now
banned.



Health threats from
concentrations allowed by
law
In 1996, legislation was passed requiring
OEHHA and DHS to begin a revision of all
existing drinking water standards. Since then
OEHHA has reviewed recent scientific stud-
ies and issued Public Health Goals (PHGs)
for 19 of the 27 regulated pesticides. PHGs
for ten of those 19 pesticides are lower than



the pesticide’s MCL, indicating that these
pesticides pose a health threat at concentra-
tions lower than those that have been allowed
by law. Pesticides have regularly been de-
tected at levels higher than these new PHGs,
but lower than MCLs. DHS may soon revise
its MCLs to conform with the new PHGs.



Atrazine
Atrazine has been a popular weed killer across
the U.S. since its introduction in 1958. In
1997, 46,000 pounds of atrazine were used
in California, mostly on fodder crops such as
grasses in cattle pastures and feed corn.34
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The federal Safe Drinking Water Act (SDWA) established a system
for creating minimum standards for drinking water quality. It ordered
EPA to determine two sets of tolerance levels for contaminants in
drinking water. Maximum Contaminant Level Goals (MCLGs) are
concentrations beyond which adverse health effects are believed to
occur. MCLGs are not enforceable. They are recommendations based
strictly on health effects. Targeting these goals, but factoring in cost
and feasibility, EPA then sets enforceable standards called Maximum
Contaminant Levels (MCLs). Since 1974, when the act was first
passed, EPA has chosen to regulate 83 contaminants, 23 of which are
pesticides.1



The federal SDWA requires states wishing to control the monitor-
ing and enforcement of drinking water quality to adopt standards
that are at least as stringent as the federal standards. California en-
acted its own Safe Drinking Water Act in 1976 to administer the fed-
eral SDWA through the California Department of Health Services
(DHS). The California SDWA requires DHS to establish MCLs for
California for all contaminants that are regulated by EPA, and to es-
tablish additional state MCLs for contaminants of particular concern
in California. DHS has established state MCLs for 27 pesticides—
the 23 federally-regulated pesticides and four others which are not
regulated by EPA.



The 1996 SDWA amendments require OEHHA to perform a
new risk analysis for all regulated pesticides based only on health con-
cerns, and to set target levels called Public Health Goals (PHGs).



Drinking Water Standards and Goals



These levels are the California equivalent of the federal MCLGs.
OEHHA is encouraged to take into account the scientific evidence
used by EPA in the development of MCLGs, but can adopt PHGs
that are more or less stringent than the federal levels at its discretion.2



OEHHA has established PHGs for 19 of the 27 regulated pesticides.
Although the law requires them to finish the new PHGs in 1999,
they are not planning to complete their work until the end of 2000.3



Lifetime exposure
Drinking water standards are set assuming continual exposure over a
70-year lifetime. Hence, exposure to pesticides above PHGs for a
short period of time is not a significant risk to public health, accord-
ing to OEHHA’s risk assessment. California risk assessors believe that
the doses required for chronic effects from short term exposure to
pesticides are so high that they are not a concern for drinking water
exposure. While this is clearly true for most effects, this may miss
some reproductive and developmental effects from short term expo-
sure, especially during windows of increased vulnerability, such as
pregnancy and infancy.



Multiple exposure pathways
For non-carcinogens, the new Public Health Goals consider relative
amounts of exposure through water and food. In addition to drink-
ing water, OEHHA considers water exposure to include exposure
through cooking, dermal exposure (through the skin), and inhalation
of steam while bathing. The inhalation of pesticides in the air is not
considered together with the oral ingestion of food and water.



For carcinogens, OEHHA does not include multiple exposure
pathways in its PHG calculations. The reasons for this are never
clearly stated. In their PHG support documents, OEHHA generally
expresses that exposure through food does not need to be considered
for carcinogens because the formula for calculating drinking water
standards based on cancer potency is believed to be adequately con-
servative without doing so. At the same time, they acknowledge that,
“This is an area of uncertainty and scientific debate and it is not clear
how this assumption impacts the overall health risk assessment.”4



Uncertainty factors
In calculating health standards, risk assessors use numerical “uncer-
tainty factors” for considerations which they believe may add to in-
creased toxicity but which they are not able to measure. Generally,
they divide their results by ten for each factor they cannot otherwise
quantify. The standard default uncertainty factor is 100—ten for the
suspected variation between humans and laboratory animals and ten
for variations between different groups of humans, especially those
with compromised immune systems. Some public health officials
characterize this as “an extra margin of safety.” Others argue that
since it is based on what is suspected to be a real difference in sensi-
tivity, it is an approximation that is as likely to be an under-estima-
tion as an over-estimation.



1 Five other regulated chemicals have been used as pesticides, but are more commonly
used as industrial solvents and for other purposes, and are thus not included in this
report. These five are benzene, methylene chloride, tetrachloroethylene, toluene, and
xylene.



2 Eleven of the first 19 PHGs issued by OEHHA were less stringent than MCLGs.
This includes seven pesticides with MCLGs of zero and four pesticides with MCLGs
above zero.



3 Health and Safety Code § 116365 (e) (2); OEHHA, Announcement of Chemicals
Undergoing Evaluation in 1999 for PHG Development and Adoption, 12 July 1999.



4 OEHHA, Public Health Goal for Alachlor in Drinking Water, December 1997, 12.



Table 2-2. Drinking Water
Standards and Goals (ppb)



EPA EPA DHS
Pesticide MCL MCLG MCL PHG
1,2-Dichloropropane 5 zero 5 0.5
1,3-Dichloropropene zero 0.5 0.2
2,4,5-TP 50 50 50
2,4-D 70 70 70 70
Alachlor 2 zero 2 4
Atrazine 3 3 3 0.15
Bentazon 18 200
Carbofuran 40 40 18
Chlordane 2 zero 0.1 0.03
Dalapon 200 200 200 790
DBCP 0.2 zero 0.2 0.0017
Dinoseb 7 7 7 14
Diquat dibromide 20 20 20
Endothall 100 100 100 580
Endrin 2 2 2 1.8
EDB 0.05 zero 0.05
Glyphosate 700 700 700 1000
Heptachlor 0.4 zero 0.01 0.008
Heptachlor epoxide 0.2 zero 0.01 0.006
Lindane 0.2 0.2 0.2 0.032
Methoxychlor 40 40 40 30
Molinate 20
Oxamyl 200 200 200 50
Picloram 500 500 500 500
Simazine 4 4 4
Thiobencarb 70
Toxaphene 3 zero 3
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DHS set its MCL for atrazine at 3 ppb in
1989 based on non-cancer effects. Since
then, atrazine has been classified as an endo-
crine disruptor,35 and evidence of its cancer-
causing potential has continued to mount.
Although numerous studies from 1986 up to
the present demonstrate carcinogenic effects,
U.S. EPA still has not raised atrazine above
Class C “possible human carcinogen” status.
The State of California has not yet listed atra-
zine as a human carcinogen either (Prop 65
list), but it is on the state priority list for pos-
sible future listing.36



In its recent report on a four-year study on
endocrine disruptors, the National Academy
of Sciences concludes, “Elevated levels of the
herbicide atrazine found in municipal water
supplies in Iowa were associated with excess
rates of cardiovascular, urogenital, and limb-
reduction deficits.”37



Despite the delay in listing atrazine as a
“probable” or “known” human carcinogen,
OEHHA set its new Public Health Goal for
atrazine in drinking water based on its carci-
nogenic effects. The new atrazine PHG of
0.15 ppb is 20 times lower than the atrazine
MCL, meaning that concentrations of atra-
zine in water far below legally tolerated levels
may cause significant risk of cancer.



Atrazine has been detected 161 times in the
past ten years above the new PHG but below
the MCL. These detections occurred in 83
locations in 17 California counties.



Atrazine degradates have also been detected
at high levels. Although they may be equally
toxic as the parent compound, testing for
atrazine degradates is not required.38 Includ-
ing degradates in atrazine testing and analysis
would significantly increase the number of
wells exceeding the atrazine PHG. From the
limited testing that has been done, data
shows that atrazine degradates have been de-
tected in 73% of the areas where atrazine has
been detected in the groundwater.



Atrazine in Orange County
Orange County is one of the hardest-hit re-
gions of California for atrazine contamina-
tion of drinking water sources. In Anaheim,



Fullerton, and Yorba Linda, atrazine has been
in the public water supply at detectable levels
throughout most of the past ten years (see
Table 2-3). While none of the detections ex-
ceeded the atrazine MCL of 3 ppb, many
were higher than the new Public Health Goal
of 0.15 ppb.



DBCP
Like atrazine, the Public Health Goal
adopted for DBCP in 1999 was far below the
Maximum Contaminant Level. While no
new studies showed increased health risks,
OEHHA based the PHG on a one in a mil-
lion cancer risk—the level considered to be
negligible in the world of risk assessment—
rather than the weakened one-in-ten-thou-
sand risk which DHS used for the MCL. The
new PHG is thus 0.0017 ppb.



Since this is lower than common instrumen-
tation can measure, all of the 12,500 detec-
tions of DBCP in the past ten years have
been higher than the no significant risk level.
These detections were made in over 800 loca-
tions in 23 California counties.



Recently, the City of Fresno has used GAC
treatment plants to restore 25 of the wells
they had shut down due to DBCP contami-
nation. While GAC is the most effective
method available for removing pesticides
from water, it does not remove 100% of the
contamination. The water which Fresno resi-



Table 2-3. Atrazine in Orange
County (ppb)*



Year Anaheim Fullerton Yorba Linda
1990 0.2 0.2 0.3
1991 0.1 0.2
1992 0.2 0.2 1.0
1993 0.1
1994 0.1 0.1
1995 0.1 0.1 0.2
1996 trace 0.2 0.2



* Maximum level detected in each year. Data for Anaheim and
Fullerton from Orange County Water District Historical Data
Reports; data for Yorba Linda from annual water quality re-
ports to consumers; additional data from government agency
databases.
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dents now get at their taps has an average
DBCP concentration of 0.043 ppb—less
than the 0.2 ppb MCL, but still 25 times
higher than the 0.0017 ppb level of no sig-
nificant cancer risk.39



The City of Riverside, which has yet to install
GAC treatment plants to address the DBCP
plume in its groundwater, delivers water with
an average DBCP concentration of 0.08
ppb—nearly 50 times the level deemed
“safe.”40



Other pesticides
In addition to DBCP and atrazine, PHGs of
eight other pesticides are below the enforce-
able health standard. These include 1,2-
Dichloropropane, 1,3-Dichloropropene, chlo-
rdane, heptachlor, heptachlor epoxide, lin-
dane, methoxychlor and oxamyl. Five of
these eight pesticides have been detected at
levels above the PHG but below the MCL—
levels allowed by law which are higher than
the concentration determined to affect hu-
man health.



Table 2-4. PHG Exceedences by County



1,2-Dichloro-
Sites with Tests Atrazine propane Other



PHG Exceeding PHG PHG PHG
County Exceedences PHG Exceeded Exceeded Exceeded
Fresno 219 4,389 Y Y Y
Stanislaus 110 1,088 Y Y Y
Kern 104 759 Y Y Y
Los Angeles 90 1,794 Y Y Y
San Bernardino 82 789 Y Y
Tulare 81 874 Y Y Y
Riverside 72 1,681 Y Y
San Joaquin 61 889 Y Y Y
Merced 30 346 Y Y Y
Orange 14 16 Y Y
Tehama 9 35 Y Y
Ventura 9 34 Y Y
Del Norte 7 14 Y Y
Solano 6 20 Y Y
Alameda 6 6 Y Y
San Diego 5 24 Y Y
Yolo 5 14 Y Y Y
Sacramento 5 5 Y Y
Monterey 4 30 Y Y
San Mateo 3 25 Y Y
Madera 3 23 Y
Santa Clara 3 3 Y
Glenn 2 3 Y
Santa Barbara 2 2 Y
Sutter 1 5 Y
Kings 1 3 Y
Lake 1 3 Y
Santa Cruz 1 2 Y
Butte 1 1 Y
Mendocino 1 1 Y
San Luis Obispo 1 1 Y
Sonoma 1 1 Y
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Pesticides detected above
EPA cancer levels
New studies accepted by U.S. EPA for several
currently regulated pesticides indicate that
Maximum Contaminant Levels (MCLs) are
not strict enough to provide adequate protec-
tion of human health. In addition, enough
studies have been performed and accepted to
create MCLs for many pesticides that are not
currently regulated. Although this is true for
both carcinogenic and non-carcinogenic pes-
ticides, this analysis is limited to carcino-
gens.41 EPA uses the accepted laboratory
studies to set “cancer potency values”—
threshold levels of exposure which lead to a
risk of one or more excess case of cancer for
every million people exposed.



Cancer levels for regulated
pesticides
For five pesticides that are regulated as drink-
ing water contaminants, projected health
standards based on EPA cancer potency val-
ues are lower than the MCL set by the De-
partment of Health Services (DHS).



Simazine
Simazine, an herbicide in the triazine class, is
closely related to atrazine. In California,
764,000 pounds of simazine were used in
1997, largely on orchards, vineyards, and
nuts. Simazine is among the pesticides de-
tected most often and in most counties in
California.



The Office of Environmental Health Hazard
Assessment (OEHHA) is currently reviewing
simazine to establish a new Public Health
Goal (PHG), which is due at the end of
1999. Since simazine is structurally similar to
atrazine, and as recent simazine studies have
demonstrated carcinogenic effects, it is likely
that the new PHG will be much lower than
the current MCL of 4 ppb. If OEHHA uses
the same studies and assumptions which EPA
used in publishing its cancer potency value



for simazine in July, 1999, the new PHG will
be 0.3 ppb—13 times lower than the current
MCL.



In 16 California counties, 335 simazine de-
tections have exceeded 0.3 ppb, although
only two of those detections were higher than
the MCL of 4 ppb. Since DHS does not re-
quire water suppliers to report detections be-
low 1 ppb, most simazine detections go unre-
ported, even though many are at levels which
risk assessors now believe may cause cancer.



Since it is much more widely used than atra-
zine, a reduction in the health standard for
simazine could have a much
larger effect on current California
agricultural practices than a re-
duction for atrazine.



Molinate
Since the mid-1970s, California
rice farmers have used molinate
to control weeds. Molinate use in
the past seven years has averaged
1.3 million pounds per year.
DHS set the MCL for molinate
at 20 ppb. Then, in 1980, re-
searchers found evidence that the
herbicide causes reproductive
damage. In 1991, studies showed
molinate also to be a carcinogen in laboratory
studies. It is now listed as a possible human
carcinogen.



If DHS uses EPA’s cancer potency value in its
next revision of the molinate MCL in 2001,
it will make the MCL over 60 times more
strict than it is now, bringing it down to 0.3
ppb.



Molinate has been one of the most frequently
detected pesticides in the Sacramento River
for decades (see pages 39-41). In the 1980s,
the herbicide was frequently detected in the
City of Sacramento water supply at levels
near the MCL. The Department of Pesticide
Regulation restricted the use of molinate in



3  New Evidence Shows Health Risks
Below Official Health Levels



For five regulated
pesticides, projected



health standards
based on EPA cancer



potency values are lower
than the Maximum



Contaminant Level set by
the Department of



Health Services.
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order to bring the level of contamination
down below the MCL, but only sought to
bring it below 10 ppb. Currently, most detec-
tions of molinate in the Sacramento River are
below the official MCL of 20 ppb, but above
the level which may cause significant risk of
cancer.



Other pesticides
The projected health levels based on EPA
cancer potency values for three other pesti-
cides are lower than the MCLs.



• EDB—EPA cancer level is 0.0004 ppb,
125 times lower than the MCL. OEHHA
will establish a new PHG in 2001, and
DHS will then consider an MCL review.
EPA’s MCL Goal is zero.



• Toxaphene—EPA cancer level is 0.03 ppb,
100 times lower than the MCL. Toxaphene
was one of the most common insecticides
in the U.S. until it was restricted in 1982
and banned altogether in 1990. EPA’s
MCL Goal is zero.



• Alachlor—EPA cancer level is 0.4 ppb, 5
times lower than the MCL. Alachlor is an
herbicide used to treat corn and beans,
with 51,000 pounds used in California in
1997. OEHHA established a PHG in
1998 which is ten times higher than it
would be if it were based on the EPA can-
cer potency value.



EDB, the banned soil fumigant, has been
detected repeatedly at levels violating the cur-
rent MCL. If the MCL is lowered to a level
that is fully protective of human health,
many more water sources will be in violation.
Alachlor and toxaphene have seldom been
detected.



Fifteen unprotective MCLs
Taking into account these five pesticides and
the ten new Public Health Goals which are
lower than the established MCLs, 15 of the
27 regulated pesticides do not have MCLs
that are fully protective of human health (see
Table 3-1).



Cancer levels for unregulated
pesticides
Twenty-nine currently used pesticides that
are not regulated as drinking water contami-
nants are possible or probable human car-
cinogens.42 Since they have no MCLs,
OEHHA has no current plans to develop a
Public Health Goal for these pesticides.
However, DHS has the authority to add any
contaminant to the list of regulated chemicals
which they judge to be a risk to public
health. After OEHHA has completed the
PHGs for regulated chemicals in 2001 and
DHS has conducted MCL reviews based on
those new PHGs, DHS may begin the pro-
cess of establishing MCLs for unregulated
pesticides by asking OEHHA to perform a
risk analysis.



Diuron
Diuron is an herbicide used for a wide variety
of agricultural and road maintenance pur-
poses. It is the second most widely used her-
bicide on rights-of-way in the state. Diuron
use in California averaged over 1.1 million
pounds per year from 1991–97.



Table 3-1. Pesticides with MCLs Higher Than
Levels Believed to Threaten Public Health



DHS Lower Health
Pesticide MCL (ppb) Level (ppb)



1,2-Dichloropropane 5 PHG: 0.5



1,3-Dichloropropene 0.5 PHG: 0.2



Alachlor 2 EPA Cancer Level: 0.4



Atrazine 3 PHG: 0.15



Chlordane 0.1 PHG: 0.03



DBCP 0.2 PHG: 0.0017



EDB 0.05 EPA Cancer Level: 0.0004



Heptachlor 0.01 PHG: 0.008



Heptachlor epoxide 0.01 PHG: 0.006



Lindane 0.2 PHG: 0.032



Methoxychlor 40 PHG: 30



Molinate 20 EPA Cancer Level: 0.3



Oxamyl 200 PHG: 50



Simazine 4 EPA Cancer Level: 0.3



Toxaphene 3 EPA Cancer Level: 0.03
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Classified by EPA as a Category 3 (slightly
toxic) neurotoxin, diuron has been consid-
ered by regulators to be a less toxic alternative
to other herbicides. Recently, however, stud-
ies have shown diuron to be a carcinogen and
a reproductive toxicant. OEHHA took ac-
tion in May 1999 to list diuron as a repro-
ductive toxicant (Prop 65 list) based on stud-
ies published by EPA in 1994.43 In addition,
in its 1999 update of the potency of carcino-
genic chemicals, EPA classifies diuron as a
“known or likely” carcinogen and quantifies
its cancer-causing potential.



If DHS chooses to regulate diuron and bases
the MCL on the cancer potency value pub-
lished by EPA, the MCL will be 1.8 ppb.
Twenty-two of the 767 diuron detections in



California have exceeded this level in the past
ten years, according to statewide and federal
databases. In the State Water Project, samples
in every study period have tested above the
EPA cancer level for diuron.44



Bromacil
Bromacil is an herbicide used mainly on or-
chards and rights-of-way. In California,
82,000 pounds were used in 1997. Bromacil
is classified as a possible human carcinogen.



If DHS decides to regulate bromacil based on
the EPA cancer potency value, the MCL will
be 9 ppb. Seven of the 390 bromacil detec-
tions in California in the past ten years have
been at concentrations higher than this
level—in Los Angeles and Tulare counties.



Table 3-2. EPA Cancer Level Exceedences by County



Sites with Simazine Diuron Molinate Other
EPA Cancer Cancer Cancer Cancer Cancer



Level Level Level Level Level
County Exceedences Exceeded Exceeded Exceeded Exceeded
Tulare 79 Y Y Y



Fresno 40 Y Y Y



Orange 25 Y



Los Angeles 20 Y Y



Stanislaus 7 Y



Kern 6 Y Y Y



Merced 6 Y Y Y



Solano 4 Y Y Y



Alameda 3 Y Y



Riverside 3 Y



San Diego 3 Y Y



San Luis Obispo 3 Y



Contra Costa 2 Y Y



Glenn 2 Y Y



Sacramento 2 Y Y



Yolo 2 Y



Butte 1 Y



Colusa 1 Y



Madera 1 Y



San Bernardino 1 Y



San Joaquin 1 Y



Santa Barbara 1 Y



Ventura 1 Y



Yuba 1 Y
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Other pesticides
In addition to diuron and bromacil, MCLs
could be established for 27 other currently
used pesticides based on EPA cancer levels.
Seventeen of these 29 pesticides have been
detected at least once in the past ten years in
California drinking water sources. Seven have
been detected above the EPA cancer level.
Many of them have not been tested for
widely.



The uncertainty of risk assessment
Determining a level of contamination below
which scientists are confident that no one
will be significantly at risk is dubious for any
toxic substance. For many contaminants, we
cannot be certain that there is any “safe” level.



Three Cal/EPA scientists, including the chief
of OEHHA’s Pesticide and Environmental
Toxicology Section, concluded in 1995 that
after 20 years of relying on risk assessment for
our policy decisions, there is still no consen-
sus in the risk assessment community on
methodology and reliability. Hence, the defi-
nition of “safety” is somewhat arbitrary. Tra-



ditional risk assessment has not
been able to identify “safe” levels
of exposure to reproductive toxi-
cants, developmental toxicants,
and some carcinogens. Since ex-
posures to these chemicals can
have lifelong effects, and since
genetic damage may be inherited
by successive generations, per-
mitting these chemicals in our
water supply has tremendous im-
plications for public health.45



Key factors are not
considered
Endocrine disruptors
Of particular concern among developmental
and reproductive toxicants are endocrine
disruptors. These chemicals attack the body
by mimicking hormones, the naturally occur-
ring “chemical messengers” flowing through
our blood. Hormones tell our bodily systems
when to do their work, affecting growth, de-
velopment, learning, and behavior. Hor-
mones control our development and health



starting before birth and continuing through-
out our lives. Endocrine disruptors confuse
these natural switches, threatening the ner-
vous, reproductive, and immune systems.



The National Academy of Sciences recently
completed a four-year study on endocrine
disruptors. Despite the influence of scientists
connected with the chemical industry on the
16-member panel, elements of the report
confirmed the widely held belief that endo-
crine disruptors are a serious threat to health.
“Adverse reproductive and developmental
effects have been observed in human popula-
tions, wildlife, and laboratory animals as a
consequence of exposure” to endocrine
disruptors, according to the report.46 And
these chemicals are already prevalent in the
environment, our diet, and our bodies: “Over
95% of adipose [fatty] tissue samples taken
from the U.S. population contained detect-
able concentrations” of endocrine
disruptors.47



Scientists do not know how much of these
chemicals it takes to cause harm, but most
suspect that the levels are lower than the lev-
els seen as a threshold for cancer and other
chronic diseases. According to one recent
study, “we are beginning to realize that very
low levels of exposure to some chemicals
present in the environment disrupt the endo-
crine system, particularly during fetal devel-
opment, at doses to which humans and ani-
mals are routinely exposed.”48 Yet the risk as-
sessment community does not have an ac-
cepted procedure for quantifying the effects
of endocrine disruptors on humans. Chemi-
cal testing protocols attempt to find the low-
est dose which produces acute or chronic tox-
icity, but ignore the more subtle effects at
lower doses.



Ten regulated pesticides are endocrine
disruptors, yet endocrine disruption effects
are taken into account for the Public Health
Goal of only one pesticide—methoxychlor.
An extra uncertainty factor of ten was added
to the PHG calculation for this seldom-used
insecticide because of its endocrine disrupting
effects.49



Endocrine disruptors
confuse natural



switches, threatening
the nervous,



reproductive, and
immune systems.
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Exposure to multiple pesticides
As each individual pesticide is technically a
different chemical, they are all treated sepa-
rately in drinking water regulation. In reality,
however, different pesticides can work to-
gether to cause increased health effects. Pesti-
cides with similar chemical structures and
mechanisms of toxicity can have additive ef-
fects, in which the total toxicity is the sum of
the toxicity of the two components. Some
combinations of pesticides have synergistic
effects, in which different contaminants work
together to produce a result that is exponen-
tially more toxic than either of the compo-
nents. Pesticides can also have potentiating
effects, whereby one compound is not toxic
except in the presence of another compound.



When MCLs were established, EPA and
DHS were not required to consider the com-
bined effects of exposure to multiple pesti-
cides.50 The 1996 amendments to the Cali-
fornia Safe Drinking Water Act now require
OEHHA to adopt Public Health Goals
which take “possible synergistic effects” into
account.51 However, OEHHA does not con-
sider any of the current research on this sub-



ject to be sufficient for the development of
PHGs. While recent studies provide qualita-
tive proof that additive or even synergistic
effects exist for many chemicals, they do not
provide sufficient data to quantify those ef-
fects.52 Rather than adding an extra uncer-
tainty factor for this lack of data, OEHHA
continues to ignore combined effects in its
numerical analyses.



There is clearly a need to consider combined
effects, as some Californians are drinking wa-
ter which contains a cocktail of pesticides.



In its recent study of San Joaquin Valley
groundwater, USGS detected at least one pes-
ticide in 59 out of 100 samples of domestic
wells (see Table 3-4). Of these, more than one
pesticide was detected in over two-thirds of
the samples. Twenty-nine percent of the
samples with detections contained three or
more pesticides. Including monitoring wells,
the picture was even worse—73% of the sites
with detections had two or more pesticides in
the water, and 25% had four or more.53



USGS found similar
results for surface wa-
ter in their studies of
the Sacramento River,
as shown in Table 4-7.



Pesticides and their
degradates
Compound effects
can also be observed
with pesticides and
their degradates. Al-
though transforma-
tion from one
degradate to another
may occur rapidly,
many of these com-
pounds are highly resistant to further break-
down.54 While relative concentrations and
health risks of parent compounds and
degradates are not well documented, existing
studies indicate that total residues of pesti-
cides and their degradates can be as much as
ten times higher than residues of the parent
compounds alone,55 and that degradates can
be much more mobile and at least as persis-
tent as the parent compound.56 The pesticide



Table 3-4. USGS Sampling of
Domestic Wells in San



Joaquin Valley*



Number of
Pesticides Number of Percent of
Detected Samples Samples



1 19 32%
2 23 39%
3 8 14%
4 5 8%
5 3 5%
10 1 2%



* USGS, Water Quality in the San Joaquin-Tulare Basins, 1998.



Table 3-3. Endocrine
Disruptors with Over
25,000 Pounds Used*



Pounds Used
Pesticide in 1997
Trifluralin 1,191,780



Methomyl 833,758



Malathion 773,782



Carbaryl 753,801



Aldicarb 530,066



Dicofol 512,562



2,4-D 428,874



Permethrin 324,598



Endosulfan 238,034



Methyl parathion 153,187



Benomyl 114,406



Alachlor 51,259



Atrazine 46,568



Metribuzin 27,972



* Illinois Environmental Protection Agency,
Report on Endocrine Disrupting Chemicals,
February 1997.
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Nitrate: Nitrate is found in common fertilizers
and in animal manure. The soil does not break it
down, so water moving through the soil can
transport nitrate to water bodies. High nitrate
levels can cause a potentially fatal condition in in-
fants known as blue baby syndrome. Nitrate has
also been linked to stomach cancer and non-
Hodgkin’s lymphoma.1



Industrial chemicals: There are currently over
70,000 chemicals in production in the U.S.,
many of which have been little studied. Among
the worst water polluters are industrial solvents
and degreasers, such as trichloroethylene (TCE)
and perchloroethylene. Household products also
contain many hazardous chemicals. These wastes
reach water bodies by legal discharges, improper
disposal, and leaks and spills.



Microorganisms: Microbial contaminants such as
cryptosporidium, giardia, and coliform are com-
monly found in lakes and rivers, especially when
the water is contaminated with sewage and ani-
mal wastes. Exposure to high levels of these con-
taminants can cause gastroenteric diseases. Water
suppliers have treatment systems in place to ad-
dress most biological contaminants.



Gasoline: Leaking underground storage tanks
have become a major threat to water sources.
Tanks built decades ago have been leaking con-
taminants straight into the ground for years. Of
particular concern are the toxic components of
gasoline such as benzene, toluene, and MTBE.



Arsenic: Arsenic is a naturally occurring element
found in the earth’s crust. It is also synthesized for
use as a wood preservative and was previously
used as an ingredient for pesticides. Arsenic can
enter the water through seepage from natural
mineral deposits or from improper use and dis-
posal. Large doses of arsenic can be fatal, while
small doses may result in abnormal heart func-
tion, damage to blood and blood vessels, liver and
kidney injury, and impaired nerve function.2



Pesticides Are Only One Part of the Mix



Pesticides and nitrates—a dangerous
combination
The combined effect of exposure to a combina-
tion of pesticides and other toxic compounds is
of great concern. In 1998, Dr. Warren Porter, a
zoologist at the University of Wisconsin, released
the results of a landmark study on exposure to a
mix of pesticides and nitrates. In this five-year
study, researchers looked at health effects from
mixtures of nitrates and the popular pesticides
aldicarb and atrazine at concentrations com-
monly found in groundwater. The study found
that “endocrine, immune, and behavior changes
occurred due to doses of mixtures, but rarely due
to single compounds at the same concentra-
tions.”3



A 1995 study of groundwater in the San
Joaquin Valley found mixtures of nitrates and
pesticides to be common. Two-thirds of the wells
sampled contained a combination of nitrates and
pesticides, with multiple pesticides detected in
90% of those wells. Comparing the results with
1986–87 tests of the same wells, the study found
that pesticide detections had remained fairly con-
stant while nitrate detections increased sharply.4



1 J.H. Hotchkiss et al., Nitrate, Nitrite, and N-nitroso Com-
pounds: Food Safety and Food Safety Assessment (Washington,
DC: American Chemical Society) 1992, 400-18; M.H.
Ward et al., “Drinking Water Nitrate and the Risk of Non-
Hodgkin’s Lymphoma,” Epidemiology 7(5): 1996, 465-71; I.
Bogardi et al., Nitrate Contamination: Exposure, Consequence,
and Control (Berlin: Springer-Verlag) 1991, 309-15.



2 Agency for Toxic Substances and Disease Registry, Public
Health Statement: Arsenic, March 1989.



3 Warren P. Porter, James W. Jaeger, and Ian H. Carlson,
“Endocrine, Immune, and Behavioral Effects of Aldicarb
(Carbamate), Atrazine (Triazine) and Nitrate (Fertilizer)
Mixtures at Groundwater Concentrations,” Toxicology and
Industrial Health 15, 1999: 133-150.



4 Karen R. Burow, Sylvia V. Stork, and Neil M. Dubrovsky,
U.S. Geological Survey, Nitrate and Pesticides in Ground
Water in the Eastern San Joaquin Valley, California: Occur-
rence and Trends (Water-Resources Investigations Report 98-
4040), 1998.
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degradates which are found most frequently
in drinking water sources—the degradates of
atrazine and other herbicides in the triazine
class—have the same types of toxic effects at
roughly the same levels as the parent com-
pound, according to studies submitted by the
manufacturer of atrazine.57



The State of Wisconsin has taken the lead in
regulating pesticide degradates in the case of
atrazine. In that state, regulators now sum the
concentrations of atrazine and its degradates,
counting the group as a single compound.58



California risk assessment managers acknowl-
edge the need for this type of approach, but
have failed to implement it. In its assessment
of atrazine, OEHHA concluded that because
degradates were not considered, “the PHG
value for atrazine may underestimate the pos-
sible risk to humans.”59 In California, not
only are pesticide degradates not regulated in
combination with their parent compounds;
they are not regulated at all.



The higher sensitivity of children
When they created drinking water standards
20 years ago, U.S. EPA and the California
Department of Health Services were not re-
quired to take into account the increased sen-
sitivity to pesticides of vulnerable sub-
populations, most notably children. The
most recent amendments to the Safe Drink-
ing Water Act have added this requirement,
yet the new round of Public Health Goals
does not fully correct this error. Only one of
the 19 new PHGs for pesticides—for
oxamyl—is based on effects on children.



A 1993 study by the National Academy of
Sciences showed a glaring need for extra cau-
tion to protect children. The report found
“quantitative and occasionally qualitative dif-
ferences in toxicity of pesticides between chil-
dren and adults.” Much of this difference is
caused by differences in size and the fact that
children consume more food and water per
pound of body weight than adults. In addi-
tion, the committee of scientists found that



“Quantitative differences in pesticide toxicity
between children and adults are due in part
to age-related differences in absorption, me-
tabolism, detoxification, and excretion of
xenobiotic compounds .... Differences in size,
immaturity of biochemical and physiological
functions in major body systems, and varia-
tion in body composition (water, fat, protein,
and mineral content) all can influence the
extent of toxicity.”60



Pesticides with no enforceable
standards
While over 600 pesticides are in use in Cali-
fornia, the Department of Health Services
has adopted Maximum Contaminant Levels
for only 27 of them. No pesticide degradates
are regulated, although several degradates are
regularly detected in drinking water sources
and have been shown to be highly toxic.



Table 3-5. Unregulated
Pesticides Detected in



California Drinking Water
Sources*



Total Pounds
Sites with Used in



Pesticide Detections 1997
Diuron 351 1,228,114



Bromacil 179 82,424



Aldicarb** 22 530,066



Methyl bromide 20 15,663,832



Diazinon 18 955,108



Chlorthal 15 342,000



Carbaryl 12 753,801



Metolachlor 12 212,714



EPTC 11 579,245



Norflurazon 11 212,621



Chlorpyrifos 10 3,152,564



Cyanazine 10 470,838



Trifluralin 10 1,191,780



* Pesticides used in amounts higher than 25,000 pounds per
year and detected in at least ten drinking water sources
around California.



** Includes detections of aldicarb degradates.
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• The pesticide must be banned.



• The concentrations detected are negligible
and no action is necessary.



• Restrictions on the pesticide would cause
such severe economic hardship to the state
that continued use is justified.



The DPR director can then adopt the
subcommittee’s findings or overrule them in
whole or in part.62



Of the 11 pesticides which are still in use and
have been detected with DPR verification in
groundwater, eight have gone through the
PDRP.



Atrazine, simazine, bromacil, diuron, and
prometon went through the PDRP in 1986–
88. For each of them, the PREC subcommit-
tee recommended that use of the pesticide be
restricted in areas where it had been detected.
The DPR director responded by creating Pes-
ticide Management Zones (PMZs), within
which pesticide use was limited. Atrazine and
prometon were banned within PMZs. Si-
mazine, bromacil, and diuron were banned
only from non-crop uses within PMZs, such
as rights-of-way (i.e., roadsides and train
tracks). Growers wanting to use these three
pesticides on crops within PMZs need only
apply for a permit from a licensed advisor,
who is charged with informing the grower of
the risks of improper pesticide application.



When aldicarb went through the PDRP in
1989, the PREC subcommittee concluded
that there is no “current or modified agricul-
tural use of aldicarb which can be employed
with a high probability that groundwater
would not be polluted,” and that the pesti-
cide should therefore be banned from all agri-
cultural use.63 Director Henry Voss disagreed,
arguing that aldicarb had already been
banned in Humboldt and Del Norte coun-
ties and conditions permitting aldicarb leach-
ing to groundwater did not exist in any other



The Department of
Pesticide Regulation and
groundwater contamination
The 1986 Pesticide Contamination Preven-
tion Act is the principle law governing pesti-
cide contamination of groundwater. This law
establishes four key requirements of the De-
partment of Pesticide Regulation (DPR):



1.To maintain a database of all pesticide test-
ing in groundwater by all agencies.



2.To verify all positive detections reported by
other agencies.



3.To identify pesticides which are most likely
to leach to groundwater and conduct tar-
geted monitoring for each of them.



4.To restrict or ban the use of pesticides that
have been detected in groundwater, in or-
der to prevent any further groundwater
contamination.



Under previous administrations, DPR largely
failed in each of the above requirements.



Actions to stop ongoing
contamination are failing
The Pesticide Contamination Prevention Act
was intended “to prevent further pesticide
pollution of the groundwater aquifers of this
state which may be used for drinking water
supplies.”61 When a pesticide is detected in a
groundwater well due to agricultural use, that
pesticide is submitted into the Pesticide De-
tection Response Process (PDRP). A sub-
committee of DPR’s Pesticide Registration
Evaluation Committee (PREC), consisting of
one representative each from DPR, DHS,
and the State Water Resources Control
Board, reviews the evidence and can make
one of four determinations:



• Further groundwater contamination can be
prevented by restricting use of the pesti-
cide.



4  State Agencies Are Failing to Protect
Human Health and the Environment
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area of California, despite the subcommittee’s
presentation of studies showing that aldicarb
had leached to groundwater nationwide un-
der widely varying conditions. Voss ruled that
aldicarb did not pollute or threaten to pollute
California groundwater due to current agri-
cultural practices, and therefore no action
needed to be taken. However, despite this
official ruling, Voss still reduced the amount
of aldicarb allowed per acre by 50% on all
crops and banned aldicarb from use on cer-
tain crops during the rainy winter months.64



Bentazon went through the PDRP in 1989–
90. The subcommittee recommended and
the DPR director concurred that use of the
pesticide could be limited to prevent future
groundwater contamination. Bentazon was
prohibited on rice, prohibited in Humboldt
and Del Norte counties, and restricted to use
on cropland irrigated by sprinklers.



Ineffective solutions
The use restrictions resulting from the PDRP
for the seven pesticides that were reviewed in
1986–90 have clearly failed for each of the
pesticides. Since the restrictions went into
effect, various agencies have continued to de-
tect each of the pesticides in groundwater
throughout the state, ranging from detections
in 16 wells in five counties for bentazon to
detections in 530 wells in 29 counties for si-
mazine. In all, wells in 31 counties have had
detections of at least one of these pesticides
since regulations were adopted to prevent any
future groundwater contamination.



Use of these seven pesticides has remained
fairly constant throughout the 1990s, ranging
from 2.1 million to 2.4 million pounds per
year.



In the PREC subcommittee’s review of
aldicarb, they ruled that PMZs are not a legal
response to preventing groundwater contami-
nation under the Pesticide Contamination
Prevention Act. The subcommittee stated
that “the Act requires modified agricultural
uses which will give ‘a high probability that
the [pesticide] would not pollute’ groundwa-
ter. Since a PMZ is designated in an area only
after groundwater pollution by a pesticide has



already occurred and been detected, the
PMZs will have no value in preventing
groundwater pollution by aldicarb from oc-
curring.”65 This determination was overruled
single-handedly by the DPR director, and
PMZs thus have remained California’s prin-
ciple mechanism for “preventing” groundwa-
ter contamination by pesticides throughout
the 1990s.



Norflurazon
In its recent review of norflurazon, the PREC
subcommittee did not use the PMZ ap-
proach, yet did not replace it with a better
system.



In 1998, norflurazon was submitted to the
Pesticide Detection Response Process based
on verified detections in Fresno County,
making it the first pesticide to go through the
process since 1990. Norflurazon is an herbi-
cide manufactured by Novartis, and applied
mainly to fruit and nuts. It is a developmen-
tal and reproductive toxicant, and is classified
as a possible human carcinogen by EPA. Be-
cause of its high solubility and low affinity for
binding to the soil, DPR had identified
norflurazon as a likely leacher.



In 1994, norflurazon was detected in one
well in Fresno County by the U.S. Geological
Survey, but this detection was apparently not
reported to DPR. In 1996, DPR selected
norflurazon for monitoring because of in-
creased use in sensitive areas and recent detec-
tions in groundwater in Florida. In this re-
view, it was detected in Tulare and Fresno
counties, with verified detections in eight
wells in Fresno County.66 In response, DPR
prohibited norflurazon use in very limited
areas—the inner slope of drainage canals and
areas managed to recharge groundwater. In
addition, they pledged to further study “Best
Management Practices” for possible future
use restrictions and to monitor the success or
failure of the new regulations.67



A new approach
Regulators at DPR now admit the failure of
the PMZ system, and are in the process of
developing a new approach. They have classi-
fied all agricultural lands in the state accord-
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ing to vulnerability to groundwater contami-
nation based on climate and soil type. DPR
used this data to create a computerized statis-
tical model known as CALVUL, for Califor-
nia Vulnerability Model. CALVUL attempts
to model the transport of pesticides through
the soil into groundwater.



In the new regulations, PMZs will be re-
placed with Groundwater Protection Areas
(GWPAs), areas judged by the CALVUL
model to be vulnerable to pesticide contami-



nation. The seven pesticides
which are now restricted in
PMZs, plus four others with
similar chemical properties, will
be restricted in GWPAs. Applica-
tion and irrigation methods will
need to meet guidelines for re-
duced risk of groundwater con-
tamination when these pesticides
are used within GWPAs.



While this new regulatory system is clearly
geared more toward pollution prevention
than the PMZ system, it will also allow for
increased use of some pesticides that are
known groundwater contaminants. Atrazine
and prometon are among the pesticides most
commonly found in groundwater through-
out the country under varying conditions.
Since 1990, both have been banned from use
within PMZs in California. Under the new
system, they will be allowed in GWPAs as
long as irrigation and application methods
meet groundwater protection guidelines. The
success of keeping these pesticides from con-
taminating drinking water sources won't be
known for years, as they slowly react with the
environment after their reintroduction.



Abandoning other regulatory tools
In anticipation of the new system, DPR staff
have abandoned some tools they traditionally
used to strengthen the PMZ process. When
PMZs were first created, “adjacent section
monitoring” was an important part of the
plan. DPR monitored areas next to PMZs for
the same pesticides that had been found
within existing PMZs. If pesticides were de-
tected in adjacent sections, those sections also
became PMZs. From 1988–95, DPR



sampled the groundwater of 415 adjacent
sections, and detected pesticides in 218 of
them.68 Despite this 53% success rate in find-
ing pesticide contamination and taking steps
to prevent further contamination, adjacent
section monitoring was suspended in 1995.



In addition, DPR has abandoned all “compli-
ance monitoring,” which had assured that
growers were complying with PMZ regula-
tions. Although compliance monitoring had
repeatedly uncovered evidence of the misuse
of pesticides, DPR decided in 1995 to stop
checking.



DPR is slow to check for risky
pesticides
The Pesticide Contamination Prevention Act
requires DPR to identify those pesticides
most likely to leach to groundwater and to
conduct targeted sampling of wells to deter-
mine if use restrictions are necessary for those
pesticides. The act lays out a three-step pro-
cess for doing this.



1.Collect data on the chemical properties of
all pesticides—including soil mobility, wa-
ter solubility, half-life, and others.



2.Compare the chemical properties of pesti-
cides known to have leached to groundwa-
ter with those that have not. Establish
benchmark values—called Specific Nu-
merical Values (SNVs)—beyond which
pesticides are considered to be likely
groundwater contaminants.



3.Place all pesticides with chemical properties
above the SNVs, and which are intended
to be applied directly to the soil or in other
manners likely to promote leaching, on the
Groundwater Protection List (GWPL).



DPR then uses this list to prioritize pesticides
for groundwater sampling.



DPR established the Groundwater Protection
List in 1986 and has revised it five times
since. The list now contains 63 pesticides
identified as having a high likelihood of
leaching to groundwater, plus the seven pesti-
cides that have been found in California
groundwater with DPR verified detections
due to current agricultural practices.69



New regulations will
allow for increased use
of some pesticides that
are known groundwater



contaminants.
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Delays at DPR
DPR did not begin monitoring for pesticides
on the GWPL until 1992. In the seven years
since then, they have satisfied the testing re-
quirements for only 19 of the 63 pesticides
identified as having high leaching potential.
Moreover, the rate of testing has declined in
recent years. From a high of five pesticides
reviewed in 1994, the number of studies
dropped to three in 1995 and 1996. In 1997,
GWPL monitoring was performed for only
one pesticide—norflurazon. In 1998, two
pesticides were studied. If DPR maintains
this rate, they won’t finish sampling for all
pesticides on the priority list until the year
2015.



The verified detections of norflurazon in
1997 demonstrate the value of testing for
pesticides with high leaching potential. Nine
pesticides on the Groundwater Protection
List which DPR has yet to test for have been
detected in groundwater by other agencies.



DPR’s detection verification system
excludes valuable data
DPR does not take reports of detections from
other agencies as indication of the actual
presence of a pesticide, but rather as a warn-
ing of possible groundwater contamination.
In order to verify a detection, DPR requires
that a second sample from the same source be
tested using a different laboratory or a differ-
ent testing method. Since the DPR Division
of Environmental Monitoring does not have
the resources to follow up on all reported de-
tections, the set of verified detections they
present to DPR’s Division of Registration
and Health Evaluations leaves out valuable
data. Even when DPR is able to retest wells
with reported detections, the delay between



initial detection and follow-up testing often
causes the follow-up tests to come up nega-
tive, due to a variety of factors. When no fol-
low-up tests are performed or when follow-
up tests turn out negative, DPR concludes
that the pesticide was never present in the
first place.



If DPR were to base its decision-making on a
more complete set of data which included the
unconfirmed tests submitted by other agen-
cies, any errors arising from the inclusion of
mistaken detections would be small in com-
parison with the error of ignoring all of the
detections which nobody bothers to confirm.



Delays in follow-up testing
Of the many instances where other agencies
reported a pesticide detection in a particular
area before DPR had found it there, DPR’s
database contains complete records of all
sampling dates in only 129 cases.70 In all
other cases, sampling dates for some tests are
blank. In the cases with complete informa-
tion, the first DPR sampling for the reported
pesticide in the reported area was done an
average of 25 months after the initial detec-
tion by another agency. This time lag is due
in part to delays in the other agencies report-
ing detections and in part to DPR constraints
in the amount of testing they do. In 115 of
these 129 cases, DPR was unable to find evi-
dence of the pesticide in their delayed follow-
up tests.



In some cases, follow-up testing does not re-
veal the presence of a pesticide because the
pesticide has completely dissipated or the
original detection was erroneous. More often,
however, negative follow-up tests may not
detect the original contaminant due to move-



ment of the plume of contamination
within the aquifer71 and seasonal pes-
ticide use.72 Since many of DPR’s
groundwater samples are taken from
monitoring wells, in the period be-
tween initial and follow-up sampling
the plume may actually be drawn
closer to the drinking water wells that
are continually operating.



Table 4-1. Comparison of DPR
Verified Detections and All Reported



Groundwater Detections



DPR All Agencies
Number of pesticides
     and degradates found 16 85



Number of wells
     contaminated 617 1,953
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No follow-up testing performed
Follow-up sampling is never performed for
many detections by other agencies. Analysis
of DPR’s master database reveals that DPR
has never attempted to verify 3,844 con-
firmed pesticide detections which other agen-
cies have reported to DPR’s Environmental
Monitoring Branch, including detections of
22 pesticides in 94 areas.



In their annual reports, DPR fails to differen-
tiate between cases where follow-up testing



was not performed and cases
where it was performed but
came up negative. For reported
detections that were not verified,
DPR states that no further ac-
tion will be taken on reported
detections “because either no
additional wells were available
for sampling or the reported resi-
dues were not found during fol-
low-up sampling conducted by
DPR.”73



DPR does not collect all available
data



Data not gathered
According to the Pesticide Contamination
Prevention Act, DPR “shall maintain a state-
wide database of wells sampled for pesticide
active ingredients. All agencies shall submit to
the director, in a timely manner, the results of
any well sampling for pesticide active ingredi-
ents and the results of any well sampling that
detect any pesticide active ingredients.”74 De-
spite this requirement, there are many tests
performed by other agencies that never show
up in the DPR database, including positive
detections at high levels.



An analysis of master databases reveals that
8,403 records of pesticide detections at DHS
are missing from DPR’s data. Eighty-three
pesticides were detected in this missing data.
Twenty-one pesticides were detected above
official health levels, and 19 others have no
official health levels.



EPA’s database of pesticides in water contains
953 records of pesticide detections which are
not in the DPR data.75 The 55 pesticides in



this data set include eight with tests above
official health levels and 11 with no levels.



Data not accepted
DPR ignores valuable information by dis-
carding all positive detections below method
detection limits (MDLs), the levels above
which laboratory equipment can be trusted
to be 100% accurate. There is clearly a need
for these levels, as it is vital to understand the
reliability of data used for making policy de-
cisions. However, the main uncertainty in
detections below MDLs is not the identifica-
tion of a contaminant, but its exact concen-
tration. For this reason, the U.S. Geological
Survey considers MDLs “only to indicate
relative analytical precision and detection sen-
sitivity,” and does not consider an MDL to
be “a lower limit for reporting concentra-
tions.”76 While some detections below MDLs
are indeed false positives, the error of count-
ing those records as detections would be
small in comparison with the error of report-
ing actual detections at low concentrations as
non-detections.



In its analyses, USGS includes all positive
detections below MDLs, but designates con-
centrations as estimated values. USGS con-
siders it necessary to use all available informa-
tion for better early warning and trend detec-
tion. They find that “lower detection limits
make it possible to detect trends and protect
source-water before it becomes significantly
contaminated.” In using pesticide detections
to calculate the potential for future contami-
nation, USGS finds that “including low-level
detections produces a more rigorous risk
analysis.”77 Rather than using low-level detec-
tions for these purposes, DPR counts positive
detections below MDLs as non-detections.



The Department of Health
Services and drinking water
quality
The California Department of Health Ser-
vices (DHS), one of the largest departments
in California state government, has a broad
mission related to medical care and public
health. Part of this mission is handled by the



An analysis of master
databases reveals that



8,403 records of
pesticide detections at
DHS are missing from



DPR’s data.











DHS Drinking Water Program, which “as-
sures protection of the public through the
regulation and monitoring of public water
systems.”



In several regards, DHS has fallen short of
this goal:



• Some of the concentrations of pesticides
allowed in the public water supply are
greater than the levels determined to pose a
risk of cancer and other health effects.



• DHS has not set standards for some other
pesticides believed to damage health at the
levels at which people are currently ex-
posed.



• DHS ignores valuable data in determining
the extent of pesticide contamination of
drinking water sources.



• Small water suppliers are allowed to skirt
the law.



MCLs do not fully protect human
health
As stated above (pages 17-22), Maximum
Contaminant Levels (MCLs) for 15 of the 27
regulated pesticides are higher than the level
believed to be a health risk. These MCLs
range from 0.01 ppb to 700 ppb, with 20 of
them higher than 1 ppb. In contrast, the Eu-
ropean Union has set the drinking water
standard for all pesticides at 0.1 ppb.



California law allows DHS staff to set MCLs
higher than the level at which health effects
are believed to occur if they claim that a cost-
benefit analysis forces them to compromise
public health. In addition, until the 1996
amendments to the California Safe Drinking
Water Act, there was no requirement for
DHS to revise its MCLs based on new scien-
tific understanding. DHS under the Wilson
Administration failed to accept any of the
new studies showing that MCLs had origi-
nally been set too high.



In their coming review of MCLs for possible
revision, DHS now has the opportunity to
correct these shortcomings. In July 1999,
DHS issued draft guidelines for reviewing
MCLs which indicate that they will conduct
a full MCL review of all contaminants for



which the new Public Health Goal (PHG) is
lower than the established MCL.78 This re-
view could have a major impact on the pro-
tection of public health.



DHS does not consider all available
data
By ignoring pesticide detections below weak
statewide reporting levels and by not collect-
ing all available data, DHS bases its policy
decisions on an incomplete picture of the ex-
tent of pesticide contamination of California
drinking water sources.



DHS ignores many positive detections



Detections at estimated trace levels
Like DPR, DHS ignores all posi-
tive detections below method
detection limits (MDLs). Rather
than reporting detections at low
concentrations as estimated val-
ues, DHS treats them as non-
detections. (see previous page).



Accurate results from more sensitive
equipment
In addition, DHS applies the
lowest common denominator to
its assessment of all testing sensi-
tivity. Rather than taking the
simple step of using the MDLs for each type
of equipment and method used by the vari-
ous labs around the state, DHS sets statewide
levels, called Detection Limits for Purposes of
Reporting (DLRs). These limits are uniform
throughout the state, based on the minimum
technological standards which DHS expects
contract labs to have. Hence, more precise
results reported by labs which use more so-
phisticated instrumentation and testing pro-
cedures are ignored if they fall below the
statewide DLR.



Some reporting limits are higher than health
levels
For some pesticides, the reporting limits pre-
vent detections to be reported at levels which
pose a health risk. DLRs for 21 of the 27
regulated pesticides are so high that detec-
tions at or near health levels do not get re-
ported. Even when a health level is exceeded,
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Some of the
concentrations of



pesticides allowed in the
public water supply are
greater than the levels
determined to pose a



risk of cancer and other
health effects.











DHS does not want water suppliers to report
detections if the concentration is below the
DLR.



DLRs for 11 of the 27 pesticides for which
enforceable health standards have been set are
above the level of no significant health risk.
DLRs for ten others are near the lowest
health level—within a factor of ten. Thus,
only six of the 27 regulated pesticides have
DLRs low enough to enable the Department
of Health Services to know when contamina-
tion problems are approaching dangerous
levels (see Table 4-2).



Comparing the detection limits set by DHS
to those used by other agencies, we see that
there is plenty of room for improvement (see
Table 4-3).



All data is not collected
California law requires water suppliers to sub-
mit the results of all water quality tests to
DHS. However, much of this data falls
through the cracks. A 1998 survey by the
California State Auditor reveals that 35% of
the water analysis data which contract labs
submitted to DHS did not appear in DHS’s
database. DHS lacks any process to verify
that water suppliers have submitted all of
their sampling results.79



Also, DHS does not consider the testing re-
sults from most small water suppliers. Cali-
fornia law gives jurisdiction to the DHS Of-
fice of Drinking Water only for water suppli-
ers with at least 200 service connections. Pri-
mary enforcement responsibility for suppliers
with less than 200 connections rests with Lo-



cal Primacy Agencies (LPAs),
which are only required to re-
port to DHS testing results
which exceed MCLs. By not
collecting data on detections
below MCLs, DHS is missing a
valuable tool for spotting re-
gional trends of contamination,
and may miss current contami-
nation in water suppliers whose
sources are near an area where
pesticides have been detected.



Another batch of data which
DHS ignores is the testing done
by other government agencies.
DPR, EPA, and USGS all do
substantial pesticide sampling,
much of which is performed on
drinking water sources. DHS
policy holds that these agencies
do not test public drinking wa-
ter wells, and they therefore do
not considered their data. In
fact, while the majority of wells
sampled by other agencies are
domestic wells or wells drilled
for monitoring contamination,
these agencies also test many
wells used by public water sys-
tems. Thirty-one percent of the
detections in the DPR database
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Table 4-2. DHS Reporting Limits—Comparison to Health
Levels (all in ppb)



EPA DHS Comparison
Cancer Reporting to Lowest



Pesticide MCL PHG Level Limit Health Level



1,2-Dichloropropane 5 0.5 0.5 equal
1,3-Dichloropropene 0.5 0.2 0.5 OVER
2,4,5-TP (Silvex) 50 1
2,4-D 70 70 10 near
Alachlor 2 4 0.4 1 OVER
Atrazine 3 0.15 1 OVER
Bentazon 18 200 2 near
Carbofuran 18 5 near
Chlordane 0.1 0.03 0.1 OVER
Dalapon 200 790 10
DBCP 0.2 0.0017 0.01 OVER
Dinoseb 7 14 2 near
Diquat dibromide 20 4 near
Endothall 100 580 45 near
Endrin 2 1.8 0.1
Ethylene dibromide 0.05 0.001 0.02 OVER
Glyphosate 700 1000 25
Heptachlor 0.01 0.008 0.01 OVER
Heptachlor epoxide 0.01 0.006 0.004 0.01 OVER
Lindane 0.2 0.032 0.2 OVER
Methoxychlor 40 30 10 near
Molinate 20 0.3 2 OVER
Oxamyl 200 50 20 near
Picloram 500 500 1
Simazine 4 0.3 1 OVER
Thiobencarb 70 1
Toxaphene 3 0.03 1 OVER
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Table 4-3. Detection and Reporting
Limits of Four Agencies* (all in ppb)



Pesticide DHS DPR USGS DWR



2,4,5-TP (Silvex) 1 0.021 0.1
2,4-D 10 0.1 0.035 0.1
Alachlor 1 0.1 0.002 0.05
Atrazine 1 0.1 0.001 0.02
Bentazon 2 0.1 0.0014
Carbofuran 5 0.1 0.003 2
Glyphosate 25 1 100
Lindane 0.2 0.05 0.01
Methoxychlor 10 0.5 0.01
Molinate 2 0.1 0.004
Oxamyl 20 0.05 0.018 2
Picloram 1 0.05 0.1
Simazine 1 0.1 0.005 0.02
Thiobencarb 1 0.1 0.002 0.02



* DHS limits are from DHS, Detection Limits for Purposes of Reporting (DLRs) of
Regulated and Commonly Reported Chemicals as Established by the California
Department of Health Services, 19 November 1998; DPR limits from DPR Well
Inventory Database – figure shown is the most often used MDL in tests con-
ducted by DPR; USGS is from USGS, Occurrence and Distribution of Dissolved
Pesticides in the San Joaquin River Basin, California (98-4032), 1998 and
USGS, Methods of Analysis and Quality-Assurance Practices of the U.S. Geological
Survey Organic Laboratory, Sacramento, California (94-362), 1994; DWR  lim-
its are from DWR, Water Quality Assessment of the State Water Project, 1994-
1995, June 1997.



Shortcomings of Consumer Confidence Reports



For several years, California law has required water suppliers to provide customers with charts summarizing water quality tests. These
reports give basic information on whether any of a list of contaminants have been found in drinking water sources. The reports are
currently being redesigned to comply with the new federal standards laid out in the 1996 amendments to the federal Safe Drinking
Water Act, and are now called “Consumer Confidence Reports” (CCRs).



CCRs tell a very small part of the water quality story. Consumers, noting that few of the listed chemicals were detected, and none
of them above health standards, are led to believe that they are not at risk from contaminated water. But this misses detections of
pesticides below DHS’s reporting limits and the detection of pesticides that are not on the list of chemicals covered by the reports.



“They’re basically summaries, simple distillations. They don’t really capture that much information,” says a spokesperson for the
DHS Office of Drinking Water. “There’s no way that that report can really tell a consumer what’s going on with his water.”*



Another shortcoming of CCRs is that they only go to the person paying the water bill, an issue with economic and environmen-
tal justice implications. Although landlords are required to pass them on to everyone who relies on water from their properties, there
is no enforcement of this requirement. Most renters and farmworker labor camp tenants never see their water quality reports.



*Alexis Milea, DHS Office of Drinking Water, personal communication, 16 November 1998.



ties in 1993....Residues of atrazine (parent com-
pound) have been reported in 21 counties at concen-
trations ranging from 0.02 to 8.5 ug/l. Some of
California’s water suppliers exceed the current MCL
for atrazine. In California, 192 wells had detectable
atrazine or its metabolites and four were above the
MCL of 3 ppb.82



Despite this unambiguous statement, DHS dis-
carded all data showing evidence of atrazine in
California drinking water sources.



from tests conducted by DPR are from pub-
lic water systems.



Even when data is collected, it often does not
make it into DHS information systems in a
timely manner. According to a 1998 report
by the Bureau of State Audits, “the Depart-
ment of Health Services needs to improve its
procedures to ensure that public water sys-
tems submit laboratory results promptly so
agencies can identify and alleviate contamina-
tion quickly.” The report recommends that
DHS make electronic data submission a con-
dition for laboratory certification, and that
labs submit testing results within five days.80



Incomplete picture skews policy decisions
For all of these reasons, DHS paints an in-
complete picture of water quality for the
public, and uses incomplete information in
its own decision making. For example, in its
announcement that atrazine is under review
for a possible change in its MCL, DHS states
that “occurrence data indicates no detections
since 1985.”81 This is a startling claim, as the
document most directly related to the health
standard review states quite the opposite. The
decision to review the atrazine MCL is based
on the new Public Health Goal for atrazine
which OEHHA issued in February 1999. In
the supporting document, OEHHA is clear
about the extent of atrazine contamination of
water:



 Atrazine and the closely related triazine si-
mazine are the most geographically widespread
pollutants detected within 23 California coun-











Small water suppliers are not
required to follow the law
Water suppliers that serve less than 200 build-
ings may be exempted from testing require-
ments for specific pesticides if the supplier can
establish that they are not vulnerable to con-
tamination by those pesticides. Additionally,
those small suppliers not granted waivers of-
ten fail to meet DHS’s minimum pesticide
testing requirements. DHS reported in 1993
that 45% of small water suppliers were out of
compliance with monitoring requirements for
pesticides and other organic chemicals.83



DHS has not performed a comprehensive
survey since that time,84 and reporting viola-
tions for most small water suppliers are not
included in DHS’s annual reports.85



Most of the water suppliers not complying
with testing requirements are small rural sup-
pliers. These small suppliers are at the highest
risk of pesticide contamination, as they are
generally close to areas of heavy pesticide ap-
plication, draw their water from shallow aqui-
fers, and are subject to less scrutiny than large
water suppliers. Based on the limited data that
is available for small water suppliers, cancer
risks could be as much as four times higher



for small suppliers than for large suppliers.86



Ninety-six percent of the water suppliers with
no pesticide data in the DHS database are
small suppliers.



Surface water contamination
and regulation
Pesticide contamination of surface water is
not regulated as strictly as groundwater con-
tamination. The Pesticide Contamination
Prevention Act’s clear goal of no new con-
tamination and specific guidelines for DPR
to achieve that goal have no equivalent for
surface water. As long as Maximum Con-
taminant Levels are upheld for the 27 regu-
lated pesticides, California law does not give
a state agency the rigid mandate to protect
California surface waters from pesticide con-
tamination. Since problems aside from MCL
exceedences have become obvious, however,
the Department of Pesticide Regulation and
the State Water Resources Control Board
have written new regulations to address sur-
face water contamination issues.



Surface water contamination studies
Targeted studies have repeatedly shown pesti-
cide contamination of surface water to be a
serious problem. Looking at these studies in-
dividually, rather than as part of all statewide
data as in previous sections of this report, we
can get a clear picture of specific contamina-
tion problems.



State Water Project
The largest single surface water operation for
drinking water supply is the State Water
Project (SWP). With water storage in Lake
Oroville and San Luis Reservoir, and drawing
water from the Sacramento-San Joaquin
River Delta, the SWP delivers nearly a tril-
lion gallons of water each year via 660 miles
of aqueducts and pipelines to nearly two-
thirds of California’s population.87



The California Department of Water Re-
sources (DWR), which administers the SWP,
has detected 14 pesticides in the seven years
of testing for which they have published re-
sults (see Table 4-4). Four of the nine de-
tected pesticides for which health levels exist
have been detected above the level deter-38



Table 4-4. Highest Concentrations of Pesticides
Detected in State Water Project (ppb)*



Lowest
Health



Pesticide 1989–91 1992–93 1994–95 Level



2,4-D 0.4 0.2 0.7 70
Atrazine 0.5 0.15
Chlorpyrifos 0.3 ❖
Cyanazine 0.2 0.035
Dacthal 0.1 1.1 20
Diazinon 0.1 0.2 0.2 ❖
Dimethoate 0.1 ❖
Diuron 4.0 16.0 4.7 1.8
MCPA 0.3 0.5 ❖
Methidathion 0.1 ❖
Pronamide 1.2 ❖
Simazine 0.6 0.8 0.3
Triclopyr 0.1 ❖
Trifluralin 0.7 5



❖ No health levels have been determined for these pesticides.



* California Department of Water Resources, Water Quality Assessment of the State Water Project,
1994–95, June 1997; State Water Project Water Quality, 1992 and 1993, October 1995; State
Water Project Water Quality, 1989 to 1991, December 1992.











mined to impact human
health—atrazine, cyanazine,
diuron, and simazine. Three
of the pesticides—2,4-D,
diazinon, and diuron—have
shown up in sampling con-
tinually throughout the test-
ing period. Surprisingly,
DWR does not test for
molinate—one of the pesti-
cides most commonly de-
tected by other agencies in
the Sacramento River, which the SWP uses
to transport a majority of its water.88



Sacramento River
The Sacramento River is the largest river in
California, stretching from Mount Shasta in
the north to the Sacramento-San Joaquin
Delta over 300 miles to the south. Around
one-third of the state’s water flows through
the river.89 The river provides drinking water
to communities along its banks from
Redding to Sacramento, cities using water
from the State Water Project, and other com-
munities that draw water from the Sacra-
mento-San Joaquin Bay Delta. An estimated
22 million Californians drink water from the
Bay Delta alone.90



USGS studies
The U.S. Geological Survey has performed
two major surveys of pesticides in the Sacra-
mento River, sampling the water at or near
the City of Sacramento. The first study in-
cluded frequent tests for a small number of
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Table 4-5. USGS Pesticide Detections
in the Sacramento River*



One or More Two or More
No Detections Detected Detected



Number of Percent of Number of Percent of Number of Percent of
Samples Samples Samples Samples Samples Samples



Jan–July 379 87 23% 292 77% 175 46%



Total 602 269 45% 333 55% 182 30%



* Dorene MacCoy, Kathryn L. Crepeau, and Kathryn M. Kuivila, USGS, Dissolved Pesticide Data for the San Joaquin River at
Vernalis and the Sacramento River at Sacramento, California, 1991–94, 1995.



pesticides—analyzing 600 samples taken
from May 1991 to March 1994 for seven
pesticides. The second study looked at a
larger number of pesticides with less frequent
testing—screening for 87 pesticides on 25
dates from November 1996 to August 1998.



In the first study, USGS detected pesticides
in 55% of the samples taken (see Table 4-5).
In 30% of the samples, two or more pesti-
cides were found. Much of this contamina-
tion occurred in the first half of the year.
From January through July of each year, an
average of 77% of the samples contained
measurable levels of pesticides. Two or more
pesticides were present in 46% of the samples
in those months.91



Diazinon, molinate, and simazine were de-
tected most frequently. In the months when
these pesticides were most likely to be present
in agricultural run-off, 80–93% of samples
tested positive for these three chemicals (see
Table 4-6).



Table 4-6. Pesticide Detections in the Sacramento River During Peak
Contamination Period*



Tests Detections
During During



Total Percentage Peak Peak Percentage
Tests Detections Positive Peak Period Period Period Positive



Atrazine 409 52 13% Nov 25–Mar 25 134 42 31%
Carbofuran 480 37 8% May 15–June 15 45 16 36%
Diazinon 531 151 28% Jan 10–Mar 10 174 161 93%
Methidathion 351 52 15% Jan 25–Mar 3 91 52 57%
Molinate 300 79 26% May–July 86 73 85%
Simazine 489 193 39% Jan–Apr 250 199 80%
Thiobencarb 300 22 7% May 20–June 20 33 17 52%



* Dorene MacCoy, Kathryn L. Crepeau, and Kathryn M. Kuivila, USGS, Dissolved Pesticide Data for the San Joaquin River at Vernalis and the Sacramento River
at Sacramento, California, 1991–94, 1995.



Samples
Taken











Table 4-7. USGS
Detection of Multiple



Pesticides in the
Sacramento River*



Number of
Pesticides



Date Detected



1996
15-Nov 0
5-Dec 3



1997
6-Jan 2
11-Feb 4
11-Mar 4
14-Apr 5
28-Apr 5
8-May 8
22-May 10
5-Jun 6
20-Jun 3
14-Jul 6
29-Jul 6
12-Aug 11
23-Sep 0
23-Oct 4
20-Nov 8
12-Dec 6



1998
9-Feb 6
19-Mar 4
7-Apr 3
21-May 3
9-Jun 3
30-Jul 6
13-Aug 3



* USGS, Sacramento River at Freeport, CA
(raw data), 1998.
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In its second Sacramento River study, USGS
detected 21 of the 87 pesticides sampled for.
Diazinon, molinate, and simazine again
showed up positive in repeated sampling,
with detections in 36%, 68%, and 60% of
the samples, respectively. Detections of
thiobencarb increased from the earlier study
to 48% of samples analyzed. Diuron and
metolachlor, which were not screened in the
first study, showed up in 54% and 76% of
samples, respectively.92



In this study, USGS detected multiple pesti-
cides in Sacramento River water on 23 of the
25 sampling dates (see Table 4-7).



City of Sacramento molinate
sampling
Rice farming is among the
main culprits of pesticide
contamination of surface
water. Rice farmers apply
pesticides to the water that
is held on their swampy
fields, then drain the water
straight into streams and
rivers.



As evidence of molinate’s
potential to cause repro-
ductive damage accumu-
lated in the 1980s, sam-
pling for molinate in the
Sacramento River turned
up alarming levels of con-
tamination. In 1987, the
City of Sacramento sued
the state to take action.
The lawsuit was settled in
1992, when DPR agreed to
require rice farmers to ad-
just their use of molinate to
reduce its outflow to the
river. Rice farmers now
must hold the water in the
fields for 28 days after
molinate is applied before
releasing it into the river,
allowing for more of the
herbicide to break down,
dissipate, or be absorbed by
the crop.



Table 4-8. Percentage of
Sacramento River Tests



with Molinate Detections*



Maximum
Percent  Concentration



Year Positive  (ppb)



1998 57% 0.7



1997 100% 1.3



1996 30% 0.1



1995 15% 0.2



1994 60% 0.4



1993 71% 1.7



1992 39% 0.3



1991 53% 0.6



1990 79% 6.5



1989 86% 4.5



1988 97% 4.8



1987 89% 5.7



1986 100% 13.6



1985 79% 9.6



1984 95% 10



1983 49% 2



1982 81% 16



* City of Sacramento, Division of Water, annual Rice
Herbicide Analysis reports.  These are tests by the
city at the intake to their water system on the
Sacramento River.



The MCL for molinate is currently set at 20
ppb. However, the EPA cancer level is 0.3
ppb, and the MCL is scheduled for possible
review after OEHHA issues a new Public
Health Goal in 2001 (see page 23).



DPR studies
In 1990, DPR and the Central Valley Re-
gional Water Quality Control Board estab-
lished performance goals for five rice pesti-
cides in the Sacramento Valley, target concen-
trations to protect beneficial uses of surface
water. A 1998 DPR study to evaluate the suc-
cess of programs designed to reduce pesticide
concentrations in rice field outflows detected
all five pesticides—molinate, thiobencarb,
carbofuran, methyl parathion, and
malathion. Concentrations of three of the











pesticides exceeded the performance goals
(see Table 4-9).



DPR more recently has focused its attention
on diazinon as the pesticide of highest con-
cern in the Sacramento River. Diazinon is an
insecticide sprayed mainly on dormant or-
chards in the winter months to control pests
that do not die during the winter season. Two
1998 DPR studies reported detections of
diazinon in the Sacramento River using data
from 1996–98. In the 1996–97 dormant
spray season, DPR detected diazinon in 28%
of water samples, despite unusually heavy
rains—which normally serve to dilute pesti-
cide residues—and smaller than average ap-
plications of diazinon during the study pe-
riod. The highest concentration of diazinon
detected was 0.086 ppb.93 In the 1997–98
dormant spray season—the El Nino winter
with exceptionally heavy rainfall—DPR de-
tected diazinon in 36% of the samples taken,
in concentrations ranging up to 0.17 ppb.94



Methidathion was also detected in the first
study, and diuron, simazine, and bromocil
were also detected in the second study.



Regulation of surface water
Until recently, there has been no formal
structure to handle pesticide contamination
of surface water. To fill this void, agencies
within Cal/EPA have developed a plan for
addressing contamination problems. The
new system is untested, but may gain mo-
mentum soon.



The Pesticide Management Plan
California law requires DPR to use its au-
thority in the registration of pesticides “to
protect the environment from environmen-
tally harmful pesticides,” and charges the
State and Regional Water Boards with “the
coordination and control of activities related
to water quality.”95 Because of this overlap-
ping authority, these two agencies within
Cal/EPA adopted an interagency plan in
1997 which lays out a four-stage process for



controlling pesticide contamination of sur-
face water.



The first stage of the Surface Water Protec-
tion Program is outreach and education. This
includes courses for pest control advisors,
participation at agricultural meetings, and
developing a handbook, a pamphlet, and a
fact sheet.



When pesticides are detected, mitigation be-
gins with self-regulation by the agricultural
community. Growers, pesticide manufactur-
ers, and pesticide applicators are asked to de-
velop agricultural “Best Management Prac-
tices” that limit pesticide runoff.



When self-regulation does not end contami-
nation of surface water, DPR first exerts its
authority, followed by action from the Water
Boards. DPR’s actions may include restricting
the pesticide, establishing use requirements,
or banning the pesticide. If this fails to end
the problem, the Water Boards may take dis-
ciplinary action against responsible parties.



This regulatory system is untested in its first
two years. In 1999, DPR has acknowledged
diazinon contamination of surface water to
be a serious problem, and has just begun the
process of taking action to remedy the prob-
lem. A number of parties in the agricultural
community have expressed interest in partici-
pating, but no plans or regulations have yet
been developed.
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Table 4-9. DPR Evaluation of Rice Pesticide
Performance Goals*



% of Tests with Highest
Detections above Concentration Performance



Pesticide Performance Goal Detected (ppb) Goal (ppb)



Molinate 45% 25 10
Thiobencarb 20% 3.5 1.5
Carbofuran 25% 0.7 0.4



* K.P. Bennett et al., Department of Pesticide Regulation, Rice Pesticides Monitoring in the Sacra-
mento Valley, 1995, February 1998.











Many Californians are exposed to pesticides
in their drinking water. For some, the levels
they are exposed to are clearly a health risk.
For others, we are uncertain what the risk
may be. The known risk together with the
factors of uncertainty demonstrate that pesti-
cide contamination of drinking water is a sig-
nificant problem.



In the Central Valley and the Inland Empire,
the water of many communities is known to
be unsafe. The Sacramento River carries toxic
levels of pesticides to people throughout the
state. The State Water Project delivers water
that may be hazardous to a majority of Cali-
fornians. People drinking from domestic
wells usually don’t know how bad their water
is, but are probably the worst off.



Many pesticide detections exceed the thresh-
old concentrations which risk assessors be-
lieve may cause significant risk of cancer, re-
productive problems, developmental disor-
ders, and neurological damage. Evidence of
health effects from exposure to endocrine
disruptors and mixtures of contaminants be-
low these levels shows the thresholds to be
uncertain. Due to restrictive reporting limits,
many detections go unreported.



As new studies demonstrate risks to be higher
than previously believed, those charged with
protecting our drinking water supply have
been slow to act. By allowing pesticides to be
used before their effects are well understood,
we are participating in a grand experiment,
the failure of which is increasingly obvious.



Rather than relying on risk assessment to de-
termine health risks after pesticides have been
released into the environment, California
regulatory agencies should be guided by the
precautionary principle. Simply stated, this
would involve three fundamental concepts in
the regulation of pesticides.



1. When there is reasonable suspicion of
harm, precautionary measures should be
taken even if some factors are not fully un-



derstood or quantifiable by the scientific
community.



2. The burden of proof to demonstrate harm-
lessness should rest with the manufacturers of
pesticides.



3. Before any pesticide is approved for use
against a pest problem, the full range of alter-
natives should be examined.



Recommendations
Recommendations for the
Department of Pesticide Regulation
• Phase out the use of all pesticides that are



continually contaminating drinking water
sources.



• Protect groundwater effectively by begin-
ning to honor the spirit of the Pesticide
Contamination Prevention Act.



• Take decisive action to protect surface wa-
ter.



• Step up efforts to encourage the use of
least-toxic pest control methods.



More specifically:
1. Immediately begin a phaseout of all uses of
the pesticides which are known to contami-
nate groundwater, including atrazine,
bromacil, diuron, and simazine. Since their
verification as groundwater contaminants,
the management plans for these pesticides
have failed to prevent further groundwater
contamination, and each of them has also
been shown to contaminate surface water.
Use modifications have failed to effectively
protect against further contamination by
these four carcinogenic pesticides.



2. Immediately begin a phaseout of molinate
due to its contamination of surface water.
This rice herbicide continues to plague the
Sacramento River years after use restrictions
were enacted. Molinate is a mobile and per-
sistent carcinogen for which there is no safe
use.



3. Demonstrate leadership in preventing fur-
ther contamination of surface water. DPR



5  Conclusion and Recommendations
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should institute a system for surface water
much like the system which the law requires
for groundwater, and implement it effec-
tively:



• Identify all pesticides which are likely sur-
face water contaminants.



• Collect all testing data for pesticides in sur-
face water.



• Phase out or restrict the use of pesticides
that have been found in surface water in
order to prevent all future contamination.



4. Collect all available data on pesticide con-
tamination of groundwater. State law requires
that the results of all sampling for pesticides
in groundwater be submitted to DPR and
assembled into a central database. DPR has
not done this effectively. By not including all
available data in its analyses, DPR is ignoring
the early warning signs of emerging contami-
nation problems that can rapidly become
widespread. DPR should:



• Make sure that other agencies submit data
from all groundwater testing in a timely
manner.



• Consider positive test results below method
detection limits as detections, with the lev-
els marked as estimated. DPR’s current sys-
tem of treating these detections as non-
detections skews their assessment of the
extent of contamination.



• Consider unverified detections submitted
by other agencies to be accurate unless
proven wrong with prompt follow-up test-
ing. The agencies conducting the vast ma-
jority of water quality tests in California
have no incentive to comply with DPR’s
rigid detection verification requirements. If
DPR is unable to retest a source soon after
the initial detection, they should consider
the original detection to be valid.



5. Require testing for common pesticide
degradates. Unless specific studies prove that
a degradate is less harmful, count the
degradate contamination in combination
with the parent compound. The health ef-
fects of pesticide degradates are not well un-
derstood, and some studies indicate that risks
are high. Therefore, precaution is in order. In



the absence of evidence that pesticides and
their degradates do not act in tandem, con-
centrations within a water sample should be
summed.



6. Complete testing quickly for pesticides on
the list of likely groundwater contaminants.
The detection of norflurazon demonstrates
the need to target pesticides whose chemical
properties encourage movement to ground-
water. There are still many pesticides that
need to go through this process—some have
been on the list of likely contaminants since
it was created in 1986, and others were re-
cently added.



7. Don’t use the new CALVUL system as an
excuse to continue allowing the misuse of
pesticides. Predicting which areas are particu-
larly vulnerable to groundwater contamina-
tion is useful, but will be effective in prevent-
ing contamination only if strict limits are
implemented and enforced. Also, as some
amount of contamination occurs in all cli-
mates and soil types, DPR should not permit
an increase in the allowable rates of pesticide
application in the areas judged by the
CALVUL model to be less vulnerable to con-
tamination.



8. Resume adjacent section monitoring and
compliance monitoring. While the PMZ
process has not been effective in preventing
groundwater contamination, it has led to the
discovery of contamination problems in
many areas adjacent to PMZs. If DPR does
not check for those problems, they will con-
tinue to grow unchecked. And pesticide use
restrictions need to be enforced. Growers
should not be allowed to ignore pesticide re-
strictions without fear of illegal pesticide use
being exposed by DPR compliance monitor-
ing.



9. Work to make least-toxic pest control the
norm in California agriculture, roadside
maintenance, and other settings. Sustainable
alternatives to synthetic pesticides have been
proven successful, and their use should be
encouraged to spread as rapidly as possible. If
all of the environmental and social costs asso-
ciated with the heavy use of synthetic pesti-
cides were taken into account, and if least-
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toxic pest control methods were given the
amount of support which is now given to the
use of chemical pesticides, the use of least-
toxic methods by California growers would
increase exponentially.



10. Increase funding immediately for the
oversight of pesticide use through a general
fund allocation request. As those who profit
from the use of pesticides should pay for the
costs to society of pesticide use, the mill tax
should be raised to cover these costs when it
comes up for renewal in coming years. DPR
should also restructure the mill tax according
to toxicity and risk. Pesticide applicators and
manufacturers who use the most dangerous
pesticides should pay the most for monitor-
ing and mitigation.



Recommendations for the
Department of Health Services
• Revise the enforceable drinking water stan-



dards to make them fully protective of
public health.



• Consider all available data in the develop-
ment of public policy.



• Do not allow small water suppliers to slip
through the regulatory cracks.



More specifically:
1. Make Maximum Contaminant Levels fully
protective of public health. Californians de-
serve to be provided with drinking water that
does not put them at undue risk for chronic
disease. As the new Public Health Goals show
that MCLs allow levels of contamination that
can harm human health, DHS should act
quickly to correct this shortcoming.



2. Review all health standards regularly. Ulti-
mately, the effects of all contaminants that
share common attack mechanisms should be
considered as a group. As our understanding
of the way that separate contaminants work
together progresses, we should apply that
knowledge to the protection of public health.



3. Do not ignore valuable water quality data.
DHS should base its policy decisions on the
most complete water quality picture possible.
Discarding pesticide detections below the
weak reporting limits skews their understand-
ing of the extent of pesticide contamination



in California drinking water sources. The risk
of including mistaken testing results would
be small in comparison with the error of ig-
noring large chunks of valuable data.



4. Require small water suppliers to comply
with testing requirements. Since small water
suppliers are generally more vulnerable to
pesticide contamination, it is a severe health
risk to allow them to pump out untested
drinking water. Some small local water agen-
cies will need financial assistance to ensure
the safety of their water. No water supplier
should be exempt from testing without thor-
ough proof of a lack of vulnerability.



5. Increase the budget of the Drinking Water
Program so that they can do their job right.
The Davis Administration needs to make the
financial commitment to make its programs
effective. Include in this budget increase ad-
equate money for the source water assessment
project and wellhead protection programs.



Recommendations for individuals
1. Call or write Governor Davis to express
your concern about pesticide contamination
of drinking water sources. Urge him to ask
state agencies to take swift action to address
this problem, and to allocate funds for this
purpose. Governor Gray Davis, State Capi-
tol, Sacramento, CA 95814; (916) 445-2841.



2. Find out what’s in your water (see next page).



3. Call on your local school and local govern-
ment to stop using toxic pesticides. Most
schools routinely spray pesticides throughout
the areas where children study, eat, and play,
including pesticides that are known to cause
cancer and developmental disorders. Orga-
nize concerned parents to get the school
board to adopt a policy of integrated pest
management for the school system. Similarly,
many local governments are heavy users of
pesticides for parks and other public areas.
Pressure your city council to change the city’s
pest management guidelines. For more infor-
mation and to learn how to organize a local
campaign, contact the Pesticide Watch Edu-
cation Fund, (415) 292-1488.



4. Convince local authorities to maintain the
roadsides in your community without the use
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How to Find Out More about Your Water



Consumers who want to know more
about the quality of their tap water
should contact their local water depart-
ment. If you have a water bill, look for a
water quality information number
printed on the bill. If you don’t pay the
bill and don’t know who to call, the
public works department of your city or
county is listed in the phone book, and
can point you to the right place.



Annual water quality reports, soon to
be replaced by Consumer Confidence
Reports, are the first place to start. Re-
quest a copy from your water depart-
ment and see which chemical have been
detected. Pesticides are listed under the
“Organic Chemicals” heading. Realize,
however, that these reports paint an in-
complete picture.



To investigate further, you can file a
written request with your local water de-
partment for documents pertaining to
any cases involving pesticide detections
in local water sources. If your local water
department serves more than 10,000
homes, since 1998 it has been required



to produce a Public Health Goals Re-
port every three years if it detects any
contaminants in the local water supply
above PHGs. This report contains a de-
scription of all contaminants, health
risks, and plans of action the depart-
ment intends to take to reduce the level
of contamination. Any citizen can re-
quest a copy of the report from the wa-
ter department. As there is no legal re-
quirement to distribute these reports,
they may not see the light of day unless
concerned citizens dig them out and
share them with the local media.



What to do if your water is
contaminated
The best response to a contaminated lo-
cal water supply is to organize politically
and demand that the County Agricul-
tural Commissioner and the state De-
partment of Pesticide Regulation restrict
the use of pesticides to prevent future
contamination. If a contamination
problem is expected to persist over a
considerable length of time, the local



water supplier should install treatment
facilities to remove the pesticides from
the water.



To ensure your personal safety if you
believe that pesticides are in your local
water at a level that poses a significant
health threat, you need to find an alter-
native water source. Unfortunately, very
few home filter systems remove pesti-
cides from water, although some are ef-
fective in removing other types of con-
taminants.



Bottled water is generally thought to
be more pure than tap water, but recent
evidence suggests that this is not always
the case.* Bottled water is not regulated
as strictly as tap water, and some brands
are no more than filtered water from the
public water supply. Ask the bottled wa-
ter companies for information on their
water sources, and choose a brand which
comes from mountain springs.



* Natural Resources Defense Council, Bottled
Water: Pure Water or Pure Hype, March 1999.
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of pesticides. Many roadside maintenance
agencies, such as Caltrans or county depart-
ments of public works, eliminate roadside
weeds through the intensive spraying of her-
bicides. Organize your neighbors to urge the
agency to adopt a policy that restricts herbi-
cide use and prioritizes the use of non-toxic
controls such as mowing or planting native
vegetation. For more information, contact
the Pesticide Watch Education Fund.



5. Buy organic foods. Organic produce and
processed food made from organic ingredi-
ents are increasingly available at competitive
prices throughout California. In addition to
eating healthier, you will be encouraging the
use of least-toxic pest control methods by
California growers. As more farms go or-
ganic, less pesticides will make their way into
drinking water supplies.



6. Use least-toxic pest control methods at
home. In the house, keep pests out by caulk-
ing all cracks rather than resorting to killing
the pests that get in. Use low toxicity baits
instead of spreading toxins throughout the
house. In the garden, pull weeds by hand
rather than applying toxic weed killers. Use
beneficial insects or biopesticides to control
insects. When using any type of pesticide,
apply it only to problem areas rather than
spreading it across an entire lawn. Never ap-
ply any pesticide near a stream or lake. If you
hire others to do your gardening, employ cer-
tified organic landscapers. For more informa-
tion, contact the Bio-Integral Resource Cen-
ter (BIRC), (510) 524-2567.











Pollution Prevention Begins at the Source



To protect a water supply before it becomes contaminated, people con-
cerned about pesticide contamination of drinking water have a potentially
powerful new tool —the Drinking Water Source Assessment and Protection
program required by the federal Safe Drinking Water Act amendments of
1996. In California, this assessment will be conducted for the state’s 14,000
water suppliers by the year 2003. Individual water utilities can voluntarily
assess their sources now for the program. The utilities that choose not to do
this will have their assessments conducted by the Department of Health Ser-
vices in conjunction with permit review.



Source water assessment requires three steps:
1) Delineation: Show the drinking water source area, including all areas



from which contaminants can drain to the water body.



2) Inventory: Document all of the activities within the source water area
that could potentially threaten the water supply.



3) Susceptibility: Determine how vulnerable the water supply is to contami-
nation from the activities identified in the inventory. This determination
is based on hydrogeological factors, proximity to the water source, preva-
lence of the activity in the source water area, and control measures in
place to prevent contamination.



Once the assessment is completed, water utilities must include a summary of
the assessment in the Consumer Confidence Report (CCR) mailed annually
to consumers. Communities can then encourage their local water utility to
begin source water protection activities, some of which may be eligible for
funding under the Drinking Water State Revolving Fund.



There is still time to have an impact on the quality of the source water as-
sessment done for a particular water source. Here’s how:



1) Find out the timetable for the assessment in your area.



2) Encourage the water utility to conduct a thorough assessment, rather
than having the Department of Health Services conduct a superficial
assessment.



3) Make sure that the assessment, regardless of who’s doing it, includes:
a) the full recharge area of the groundwater basin or the full drainage



area for a surface water source.
b) the names of specific pollution sources.
c) adequate opportunity for public input and review.



4) Encourage your water district to make information from the assess-
ment widely available.
a) Include an accurate summary with a source water map in the CCR.
b) Post the assessment on a Web site, and have copies available at the



public library.



5) Sponsor a community meeting to discuss threats to drinking water
sources, and to explain the Source Water Assessment Program and
Consumer Confidence Reports.



6) Get your water supplier to move from assessment to protection. Make
sure that this program includes broad participation from community-
based interests. Encourage the utility to apply for state funding to sup-
port its protection efforts.



For more information on source water assessment and help with materials,
contact Clean Water Action at 415-362-3040.
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Appendix A
Methodology



Drinking water determination
DHS: The few tests of irrigation wells and monitoring sites which DHS includes in its Drinking
Water Quality Monitoring Database were eliminated.



DPR: Tests of wells marked as public water systems or domestic wells were used from the DPR
Well Inventory Database.



EPA: Tests of groundwater from the EPA STORET database were used only when the well num-
ber matched a well number from the DHS database. EPA surface water tests were included when
a description of the sampling site matched a description of drinking water sources from the
“Screen File” database of the State Water Resources Control Board.



Only active or standby drinking water sources are included in this report. This leaves out many
pesticide detections in inactive drinking water wells, even though many sources now marked as
inactive were active at the time of testing. Detections in inactive wells can also be an indication of
likely contamination in nearby wells that are still in use.



EPA cancer levels
All EPA cancer potency values were taken from the most recent update of the Office of Pesticide
Programs List of Chemicals Evaluated for Carcinogenic Potential. Only values for possible or prob-
able human carcinogens were used (class B or class C), although EPA published potency values
for four pesticides which are still classified as class D or class E human carcinogens – 2,4-D,
glyphosate, malathion, and picloram.



To calculate projected drinking water standards based on EPA’s cancer potency values, OEHHA’s
formula for calculating PHGs based on carcinogenic effects were used.*



Concentration = Acceptable Risk x Body Weight
Cancer Potency Value x Daily Water Consumption



While OEHHA sometimes uses assumptions which result in stricter standards, they use the fol-
lowing baseline assumptions for most of their analyses.



Acceptable Risk = 10-6, the one-in-a-million extra theoretical lifetime risk of cancer.
Body Weight = 70 kg
Daily Water Consumption = 2 liters per day



Applying the cancer potency value as published by EPA thus translates easily into a concentration
of the contaminant in water associated with “negligible” lifetime cancer risk.



County designation
When water sources in one county are used by consumers in another county, the source was at-
tributed to the county where the water is consumed.



Dates of detection
All detections are classified according to the study year, the year in which the results were pub-
lished. Because there is often a lag time between sampling and reporting, some of the detections
are slightly older than the reporting year associated with them. This report analyzes nine years of
data, from study year 1990 through 1998, although much of the data from the 1998 study year
and some from the 1997 study year have not yet been released. For simplification, this data set is
referred to as “the past ten years” and “since 1990.”



* OEHHA’s support documents for the Public Health Goals are available online at oehha.ca.gov/scientific/public_health.html.
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CALVUL California Vulnerability Model, a
new statistical tool being developed
by DPR to model pesticide leaching
to groundwater



CCR Consumer Confidence Report, an
annual report to consumers on the
quality of the public water supply



DBCP 1,2-dibromo-3-chloropropane, a soil
fumigant



DHS Department of Health Services



DLR Detection Limit for purposes of Re-
porting, the minimum level of con-
tamination to qualify for reporting to
DHS



DPR Department of Pesticide Regulation
DWR Department of Water Resources
EDB Ethylene dibromide, a soil fumigant



EPA U.S. Environmental Protection
Agency



GWPL Groundwater Protection List, the list
of pesticides most likely to contami-
nate groundwater based on their
chemical properties



MCL Maximum Contaminant Level, the
enforceable contamination standard
beyond which contaminated water
cannot be distributed



MCLG Maximum Contaminant Level Goal,
an unenforceable target level set by
the EPA which does not take into
account a cost benefit analysis



MDL Method Detection Limit, the level of
precision at which testing methods
are judged to be entirely accurate



OEHHA The Office of Environmental Health
Hazard Assessment, the division of
Cal/EPA which performs risk assess-
ments



PCPA Pesticide Contamination Prevention
Act, the main law governing pesticide
contamination of groundwater



PDRP Pesticide Detection Response Process,
the process for determining a course
of action after a pesticide has been
detected in groundwater



PHG Public Health Goal, the unenforce-
able contamination target level for
California above which public health
is significantly at risk



PMZ Pesticide Management Zone, an area
where pesticide use is restricted due
to the previous detection of pesticides
in groundwater



ppb Parts per billion—equivalent to mi-
crograms per liter



PREC Pesticide Registration Evaluation
Committee, the unit in DPR that
decides whether to grant permits for
the sale of specific pesticides



SDWA Safe Drinking Water Act



SNV Specific Numerical Value, bench-
marks for chemical properties, be-
yond which pesticides are judged to
be likely groundwater contaminants



SWP State Water Project



SWRCB State Water Resources Control Board



USGS U.S. Geological Survey, a federal
agency that assesses the quality of wa-
ter resources nationwide
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Appendix C
Pesticide Detections by County
The following table summarizes all pesticide detections of currently active drinking water sources from study years 1990–98
in the databases of the Department of Health Services, the Department of Pesticide Regulation, the U.S. Environmental
Protection Agency, and the U.S. Geological Survey. This does not include the many detections which these agencies fail to
collect from local water suppliers and others.



Highest Most MCL PHG EPA Cancer Pesticide
Sites with Concentration Recent Exceed– Exceed– Level With No



County Pesticide Detections Detections Detected (ppb) Detection ences ences Exceedences Standard



Alameda 2,4–D 2 2 0.31 93 – – –
Aldicarb sulfoxide 1 1 7.2 95 – – – NS
Atrazine 2 2 0.7 96 – 2 –
Bentazon 2 1 0.6 90 – – –
DBCP 2 2 0.28 96 1 2 –
Diazinon 1 1 0.025 94 – – – NS
Dicamba 1 1 0.051 94 – – – NS
Dieldrin 1 1 0.03 94 – – 1
Dimethoate 1 1 0.1 94 – – – NS
Dinoseb 1 1 1 94 – – –
EDB 7 7 330 95 5 – –
Heptachlor 1 1 0.024 92 1 1 –
Heptachlor epoxide 1 1 0.008 90 – 1 –
Methyl bromide 2 2 0.6 95 – – – NS
Picloram 1 1 1 94 – – –
Propachlor 1 1 0.25 94 – – – NS
Simazine 4 3 0.95 96 – – 1
Toxaphene 1 1 0.5 94 – – 1



Alpine Pebulate 2 1 0.01 94 – – – NS
Amador Simazine 1 1 0.22 96 – – –
Butte 2,4–D 1 1 3.6 91 – – –



Atrazine 3 2 0.08 97 – – –
Bromacil 3 2 0.5 97 – – –
DBCP 1 1 0.13 90 – 1 –
Dichlorprop 1 1 6.8 94 – – – NS
Dichlorprop,
     butoxyethanol ester 1 1 6.8 91 – – – NS
Endothall 2 2 160 94 1 – –
Simazine 1 1 1.5 91 – – 1



Calaveras 3–Hydroxycarbofuran 2 2 4.1 93 – – – NS
Aldicarb sulfoxide 1 1 3.1 94 – – – NS
Bentazon 2 2 0.65 94 – – –
Diuron 2 2 1 93 – – –
Hexazinone 2 1 0.21 97 – – – NS
Lindane 1 1 0.03 93 – – –



Colusa 2,4–D 1 1 0.38 91 – – –
Dacthal 2 2 1.6 94 – – –
Molinate 1 1 2.4 93 – – 1
Paraquat 1 1 16 94 – – – NS
Prometon 2 1 0.085 95 – – – NS
Simazine 6 3 0.12 94 – – –



Contra Costa 2,4–D 2 2 0.32 96 – – –
ACET (atrazine/
   simazine degradate) 1 1 0.12 95 – – – NS
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Highest Most MCL PHG EPA Cancer Pesticide
Sites with Concentration Recent Exceed- Exceed- Level With No



County Pesticide Detections Detections Detected (ppb) Detection ences ences Exceedences Standard



Aldicarb sulfone 2 2 6 93 – – – NS
Atrazine 2 1 0.073 95 – – –
Bromacil 2 1 0.092 95 – – –
Butachlor 1 1 0.38 97 – – – NS
Carbofuran 1 1 5 93 – – –
Chloropicrin 1 1 1 97 – – – NS
Deethyl atrazine 2 2 0.13 95 – – – NS
Dicofol 2 1 10 94 – – 2
Diuron 2 1 0.07 91 – – –
Endothall 6 6 2.5 92 – – –
Glyphosate 1 1 110 93 – – –
Prometon 3 2 0.09 95 – – – NS
Simazine 5 3 7.47 95 2 – 1
Thiobencarb 7 6 1 92 – – –



Del Norte 1,2–Dichloropropane 13 6 22 95 7 13 –
1,3–Dichloropropene 1 1 1.9 90 1 1 –
Aldicarb sulfone 31 9 0.49 92 – – – NS
Aldicarb sulfoxide 34 8 1.49 92 – – – NS



Fresno 1,2–Dichloropropane 24 9 6.4 96 2 22 –
1,3–Dichloropropene 2 2 1 92 2 2 –
ACET (atrazine/simazine
     degradate) 172 89 4 97 – – – NS
Atrazine 22 15 0.74 97 – 7 –
Bromacil 94 41 8 97 – – –
Butylate 1 1 0.002 93 – – – NS
Carbaryl 1 1 0.013 93 – – –
Chlorpyrifos 1 1 0.006 93 – – – NS
Cis–1,3–Dichloropropene 1 1 1 91 – – – NS
DACT 46 29 6.9 97 – – – NS
Dacthal 1 1 0.003 93 – – –
DBCP 4,360 258 6 98 1,293 4,358 –
DDE 1 1 0.001 93 – – –
Deethyl atrazine 7 6 2 97 – – – NS
Diazinon 2 2 0.01 94 – – – NS
Dicamba 1 1 0.01 92 – – – NS
Dieldrin 1 1 0.007 93 – – 1
Diuron 194 97 2.2 97 – – 4
EDB 384 28 5.9 98 82 – –
Ethalfluralin 1 1 0.005 93 – – –
Ethoprop 1 1 0.009 95 – – –
Malathion 2 2 0.1 95 – – – NS
Napropamide 1 1 0.03 94 – – – NS
Norflurazon 12 9 0.79 97 – – – NS
Ortho–dichlorobenzene 1 1 1.2 95 – – – NS
Picloram 1 1 1.1 93 – – –
Prometon 11 5 0.55 97 – – – NS
Simazine 379 183 0.93 97 – – 65
TPA (dacthal degradate) 17 13 6.88 95 – – – NS
Trifluralin 2 2 0.007 93 – – –



Glenn Atrazine 12 4 0.36 93 – 3 –
Captan 2 1 0.11 90 – – –
Deethyl atrazine 2 1 0.18 93 – – – NS
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Highest Most MCL PHG EPA Cancer Pesticide
Sites with Concentration Recent Exceed- Exceed- Level With No



County Pesticide Detections Detections Detected (ppb) Detection ences ences Exceedences Standard



Diuron 2 1 0.62 90 – – –
Endosulfan I 1 1 34.7 93 – – – NS
Molinate 3 1 10 91 – – 3
Prometon 4 2 0.35 93 – – – NS
Simazine 6 3 0.78 93 – – 1



Imperial Chlorpyrifos 2 2 0.01 92 – – – NS
Diazinon 4 2 0.1 92 – – – NS
Hexazinone 1 1 0.55 95 – – – NS
Malathion 2 1 0.06 92 – – – NS
S,S,S–Tributylphosphor–
     otrithioate 2 1 0.01 92 – – – NS



Inyo EDB 1 1 0.03 90 – – –
Kern 1,2–Dichloropropane 63 20 2.4 98 – 44 –



2,4–D 4 3 2.6 96 – – –
Alachlor 3 3 1 95 – – 3
Atrazine 11 6 0.4 95 – 2 –
Bromacil 6 3 0.614 96 – – –
Butachlor 1 1 0.38 95 – – – NS
Chlorothalonil 1 1 0.4 93 – – –
Dalapon 1 1 1 96 – – –
DBCP 713 116 6.1 98 212 713 –
Deethyl atrazine 7 5 0.5 95 – – – NS
Dinoseb 5 5 0.18 93 – – –
Diuron 10 6 6.5 97 – – 1
EDB 135 30 4.7 98 73 – –
Endrin 1 1 0.2 96 – – –
Penoxalin 1 1 0.5 96 – – – NS
Prometon 1 1 0.008 95 – – – NS
Simazine 10 5 1 96 – – 2
Thiobencarb 3 3 0.8 90 – – –
TPA (dacthal degradate) 15 10 15 91 – – – NS



Kings Atrazine 3 1 0.52 92 – 3 –
Diuron 15 8 1.8 95 – – –
Prometon 4 1 1 95 – – – NS
Simazine 4 4 0.11 95 – – –



Lake Chlordane 1 1 0.05 90 – 1 –
Heptachlor 1 1 0.02 90 1 1 –
Heptachlor epoxide 1 1 0.1 90 1 1 –
Simazine 5 5 0.11 97 – – –



Los Angeles 1,2–Dichloropropane 3 2 1.18 98 – 2 –
ACET (atrazine/simazine
     degradate) 7 6 0.16 93 – – – NS
Atrazine 79 39 5.71 94 1 58 –
Bentazon 1 1 2 90 – – –
Beta–BHC 2 2 0.08 96 – – – NS
Bromacil 7 5 507 95 – – 2
Dalapon 2 2 3 93 – – –
DBCP 1,731 65 15.2 98 547 1,731 –
Deethyl atrazine 20 11 0.32 93 – – – NS
Diuron 18 10 1.6 94 – – –
EDB 43 14 0.7 98 16 – –
Endosulfan I 2 2 0.45 94 – – – NS
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Highest Most MCL PHG EPA Cancer Pesticide
Sites with Concentration Recent Exceed- Exceed- Level With No



County Pesticide Detections Detections Detected (ppb) Detection ences ences Exceedences Standard



Endosulfan sulfate 1 1 0.15 95 – – – NS
Endrin 1 1 20 90 1 1 –
Heptachlor 1 1 0.06 94 1 1 –
Lindane 1 1 0.4 92 1 1 –
Methyl bromide 1 1 2.6 96 – – – NS
Ortho–dichlorobenzene 1 1 7.1 96 – – – NS
Prometon 5 3 0.09 95 – – – NS
Simazine 53 33 1.3 95 – – 28
TPA (dacthal degradate) 12 7 1.93 91 – – – NS



Madera 1,2–Dichloropropane 1 1 0.3 93 – – –
Atrazine 5 4 0.1 95 – – –
Dacthal 1 1 0.54 95 – – –
DBCP 23 3 3.2 97 10 23 –
Deethyl atrazine 4 4 0.03 95 – – – NS
Dicamba 1 1 0.01 92 – – – NS
Dieldrin 1 1 0.018 93 – – 1
Diuron 8 5 0.38 97 – – –
EDB 9 1 0.87 96 9 – –
Methyl bromide 1 1 1.3 92 – – – NS
Oxamyl 1 1 8 93 – – –
Simazine 10 6 0.26 97 – – –
TPA (dacthal degradate) 10 3 1.5 97 – – – NS



Mendocino DBCP 1 1 0.25 97 1 1 –
Methomyl 1 1 19 94 – – – NS
Simazine 8 6 0.12 97 – – –



Merced 1,2–Dichloropropane 1 1 1.4 92 – 1 –
2,4–D 3 1 1.2 93 – – –
Alachlor 4 1 0.03 93 – – –
Aldicarb sulfoxide 4 4 2.9 93 – – – NS
Atrazine 30 8 0.39 95 – 2 –
Butylate 1 1 0.01 94 – – – NS
Carbaryl 6 3 0.08 94 – – –
Carbofuran 8 1 0.1 93 – – –
Chlorpyrifos 17 2 0.05 94 – – – NS
Coumaphos 1 1 1 93 – – – NS
Cyanazine 22 2 1.3 94 – – 17
Dacthal 14 3 0.04 94 – – –
DBCP 343 33 1.88 98 70 343 –
Deethyl atrazine 7 6 0.14 95 – – – NS
Demeton 1 1 1 93 – – – NS
Diazinon 25 3 1 94 – – – NS
Dichlorprop 1 1 0.11 93 – – – NS
Diuron 14 7 1 95 – – –
EDB 26 6 0.22 96 10 – –
EPTC 26 3 40 94 – – – NS
Ethylene dichloride 1 1 2.9 92 – – – NS
Linuron 1 1 0.29 93 – – 1
Malathion 5 2 0.06 94 – – – NS
MCPA 1 1 0.12 93 – – – NS
Merphos 1 1 1 93 – – – NS
Methomyl 4 1 0.67 93 – – – NS
Metolachlor 17 1 0.05 93 – – –
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Highest Most MCL PHG EPA Cancer Pesticide
Sites with Concentration Recent Exceed- Exceed- Level With No



County Pesticide Detections Detections Detected (ppb) Detection ences ences Exceedences Standard



Molinate 18 4 4 94 – – 6
Naled 1 1 5 93 – – – NS
Napropamide 5 1 0.05 93 – – – NS
Norflurazon 2 1 0.44 93 – – – NS
Oryzalin 1 1 1 93 – – 1
Pebulate 8 1 0.04 93 – – – NS
Prometon 7 5 0.67 94 – – – NS
Pronamide 6 1 0.02 93 – – –
Propargite 3 1 0.09 94 – – –
Simazine 43 15 1.14 95 – – 5
Thiobencarb 5 2 0.51 94 – – –
Trichlorobenzenes 1 1 0.8 96 – – – NS
Trifluralin 34 3 0.11 94 – – –



Monterey Atrazine 2 2 0.7 95 – 1 –
Bromacil 2 1 0.088 96 – – –
Dacthal 2 1 0.68 91 – – –
DBCP 29 5 0.504 96 20 29 –
Diazinon 1 1 0.2 90 – – – NS
Diuron 1 1 0.05 96 – – –
MTP 2 1 2.55 91 – – – NS
Simazine 2 2 0.25 93 – – –
TPA (dacthal degradate) 24 15 7.46 92 – – – NS



Napa Carbaryl 1 1 2.3 90 – – –
EDB 1 1 0.039 95 – – –
Methyl bromide 8 8 0.7 97 – – – NS



Orange ACET (atrazine/simazine
      degradate) 1 1 0.14 93 – – – NS
Atrazine 38 29 1 95 – 10 –
Bromacil 2 2 0.13 95 – – –
DBCP 6 5 0.08 92 – 6 –
Dimethoate 1 1 0.4 92 – – – NS
Diuron 6 3 0.2 93 – – –
Prometryn 1 1 0.1 92 – – – NS
Simazine 81 46 1 95 – – 43



Placer Bromacil 4 2 0.5 92 – – –
Riverside 1,2–Dichloropropane 44 8 8 97 16 41 –



2,4,5–TP (Silvex) 1 1 10 91 – – –
2,4–D 1 1 100 91 1 1 –
ACET (atrazine/simazine
     degradate) 6 4 6 95 – – – NS
Atrazine 1 1 0.1 93 – – –
Bromacil 13 6 7.3 95 – – –
DBCP 1,637 91 3.54 98 359 1,637 –
Diuron 17 8 0.96 95 – – –
EDB 15 7 6.755 96 10 – –
Endrin 1 1 0.2 91 – – –
Lindane 1 1 4 91 1 1 –
Methoxychlor 1 1 100 91 1 1 –
Picloram 2 1 0.34 92 – – –
Simazine 36 18 0.41 95 – – 5
Toxaphene 1 1 5 91 1 – –



Sacramento 2,4–D 4 4 0.1 93 – – –
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Highest Most MCL PHG EPA Cancer Pesticide
Sites with Concentration Recent Exceed- Exceed- Level With No



County Pesticide Detections Detections Detected (ppb) Detection ences ences Exceedences Standard



Atrazine 3 2 0.19 95 – 1 –
Dalapon 4 4 1 93 – – –
DBCP 4 4 0.01 93 – 4 –
Dieldrin 1 1 0.004 95 – – 1
Diuron 2 1 0.14 91 – – –
Molinate 17 1 6.5 91 – – 17
Simazine 4 2 0.15 94 – – –



San Benito Methyl bromide 1 1 3.4 92 – – – NS
San
Bernardino 1,2,4–Trichlorobenzene 1 1 2.7 96 – – – NS



1,2–Dichloropropane 9 3 0.92 94 – 2 –
ACET (atrazine/
     simazine degradate) 1 1 0.14 95 – – – NS
Alachlor 1 1 9 91 1 1 –
Atrazine 2 1 0.12 95 – – –
Chlordane 1 1 0.4 91 1 1 –
DBCP 779 81 3.4 98 281 779 –
Deethyl atrazine 1 1 0.17 95 – – – NS
Diuron 4 2 0.48 95 – – –
EDB 4 4 0.03 90 – – –
Heptachlor 6 6 0.22 93 5 6 –
Simazine 6 3 0.3 95 – – 2



San Diego 1,2–Dichloropropane 23 4 6.7 98 2 23 –
Cyanazine 1 1 0.5 90 – – 1
DBCP 1 1 0.01 90 – 1 –
Methyl bromide 1 1 0.64 92 – – – NS
Metolachlor 2 2 0.5 97 – – –
Metribuzin 2 2 0.25 97 – – – NS
Simazine 3 2 3.4 91 – – 3



San Joaquin 1,2–Dichloropropane 3 1 0.83 95 – 3 –
2,4–D 2 1 10.9 91 – – –
ACET (atrazine/simazine
     degradate) 3 3 0.57 97 – – – NS
Atrazine 18 10 2.8 97 – 10 –
Bromacil 9 4 0.85 96 – – –
Carbaryl 2 1 0.03 93 – – –
Carbofuran 8 1 0.03 93 – – –
Dacthal 5 1 0.02 93 – – –
DBCP 876 63 34 98 351 876 –
Deethyl atrazine 10 9 0.78 97 – – – NS
Diazinon 5 1 0.15 93 – – – NS
Diuron 4 3 0.25 97 – – –
EDB 15 11 0.17 97 4 – –
EPTC 4 1 0.01 93 – – – NS
Hexazinone 6 3 0.11 97 – – – NS
Methyl bromide 1 1 1 95 – – – NS
Metolachlor 5 2 0.02 94 – – –
Pronamide 5 1 0.12 93 – – –
Simazine 6 2 0.42 97 – – 1



San Luis
Obispo 2,4,5–T 1 1 0.02 90 – – – NS



Carbon disulfide 4 4 5 94 – – – NS
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Highest Most MCL PHG EPA Cancer Pesticide
Sites with Concentration Recent Exceed- Exceed- Level With No



County Pesticide Detections Detections Detected (ppb) Detection ences ences Exceedences Standard
Dacthal 1 1 0.03 92 – – –
DBCP 1 1 0.04 94 – 1 –
Diuron 3 3 4.5 92 – – 3
EDB 1 1 0.05 94 – – –
Endrin 1 1 0.03 91 – – –
Ortho–dichlorobenzene 1 1 0.6 92 – – – NS
TPA (dacthal degradate) 7 4 4 93 – – – NS



San Mateo 1,2–Dichloropropane 26 2 7.5 98 9 24 –
Endrin 1 1 90 90 1 1 –
Trichlorobenzenes 1 1 3.9 97 – – – NS



Santa Barbara Carbon disulfide 5 4 2 96 – – – NS
Chlorpyrifos 2 1 0.06 93 – – – NS
Diazinon 2 1 0.06 93 – – – NS
Diquat 1 1 2 95 – – –
EDB 1 1 0.02 92 – – –
Glyphosate 1 1 20 94 – – –
Heptachlor 2 2 0.25 92 2 2 –
Linuron 3 1 0.32 96 – – 2
Methoxychlor 1 1 0.04 92 – – –
Metolachlor 1 1 0.01 96 – – –
Prometryn 2 1 0.2 93 – – – NS
Pronamide 1 1 0.09 96 – – –
TPA (dacthal degradate) 7 5 11 91 – – – NS



Santa Clara 1,3–Dichloropropene 3 3 1.7 91 3 3 –
2,4–D 1 1 0.3 95 – – –
Aldicarb sulfone 1 1 16.9 93 – – – NS
Dacthal 2 2 0.7 90 – – –
EDB 1 1 0.01 93 – – –
Methyl bromide 1 1 0.6 97 – – – NS
Ortho–dichlorobenzene 2 1 7.2 91 – – – NS
TPA (dacthal degradate) 10 4 1.38 91 – – – NS



Santa Cruz 1,2,4–Trichlorobenzene 4 1 21 92 – – – NS
1,2–Dichloropropane 2 1 56 90 2 2 –
Dicamba 3 2 0.14 97 – – – NS
Ortho–dichlorobenzene 8 1 1.6 95 – – – NS



Siskiyou EPTC 3 3 0.09 92 – – – NS
Malathion 1 1 0.01 92 – – – NS
Metolachlor 1 1 0.04 92 – – –
Metribuzin 2 1 0.06 92 – – – NS
Pronamide 1 1 0.01 92 – – –
Simazine 2 1 0.01 92 – – –
Terbufos 2 1 0.03 92 – – – NS



Solano Atrazine 33 7 12 95 1 17 –
Bentazon 12 5 6.9 93 – – –
Captan 1 1 0.5 90 – – –
Carbaryl 1 1 55 93 – – 1
Carbofuran 4 1 0.03 93 – – –
Dacthal 10 1 0.01 93 – – –
DBCP 3 1 0.2 93 – 3 –
Deethyl atrazine 1 1 0.3 95 – – – NS
Diazinon 13 1 0.34 93 – – – NS
EDB 1 1 0.039 95 – – –
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Highest Most MCL PHG EPA Cancer Pesticide
Sites with Concentration Recent Exceed- Exceed- Level With No



County Pesticide Detections Detections Detected (ppb) Detection ences ences Exceedences Standard



Hexazinone 2 1 0.092 95 – – – NS
Metolachlor 13 1 0.02 93 – – –
Molinate 2 2 1.6 93 – – 2
Napropamide 5 1 0.05 93 – – – NS
Prometon 3 1 0.3 95 – – – NS
Pronamide 6 1 0.02 93 – – –
Propoxur 1 1 4 93 – – –
Simazine 15 3 1.7 93 – – 1
Trifluralin 2 1 0.02 93 – – –



Sonoma 1,2–Dichloropropane 1 1 0.55 96 – 1 –
Carbon disulfide 3 3 1.6 92 – – – NS
Diquat 1 1 4 94 – – –
Picloram 1 1 4.8 97 – – –



Stanislaus 1,2–Dichloropropane 1 1 0.52 90 – 1 –
2,4–D 1 1 0.28 94 – – –
2,4–DP, Isooctyl Ester 3 2 0.01 92 – – – NS
ACET (atrazine/simazine
     degradate) 1 1 0.34 97 – – – NS
Alachlor 1 1 0.24 94 – – –
Atrazine 16 12 0.24 95 – 2 –
Benfluralin 6 1 0.01 95 – – – NS
Bromacil 2 1 0.24 95 – – –
Carbaryl 9 2 0.14 95 – – –
Carbofuran 2 1 0.03 95 – – –
Chlorpyrifos 11 4 0.09 95 – – – NS
Cyanazine 6 5 0.01 95 – – –
Dacthal 9 2 0.26 95 – – –
DBCP 1,085 114 166 98 298 1,085 –
DDE 2 1 0.03 95 – – –
Deethyl atrazine 6 6 0.02 95 – – – NS
Diazinon 29 6 0.62 95 – – – NS
Dinoseb 1 1 0.08 95 – – –
Diuron 14 6 0.29 97 – – –
Dyfonate 2 1 0.02 94 – – – NS
EDB 23 10 0.21 97 10 – –
EPTC 7 4 0.66 95 – – – NS
Ethalfluralin 2 1 0.07 94 – – –
Hexazinone 2 1 0.27 97 – – – NS
Malathion 9 3 0.06 95 – – – NS
Metolachlor 6 4 1.3 95 – – –
Metribuzin 3 3 0.03 95 – – – NS
Molinate 2 1 0.09 94 – – –
Napropamide 12 5 0.07 95 – – – NS
Pebulate 2 1 0.03 94 – – – NS
Penoxalin 4 1 0.05 95 – – – NS
Prometon 12 5 5.3 95 – – – NS
Simazine 64 30 1.3 95 – – 13
Tebuthiuron 1 1 0.01 94 – – – NS
Terbacil 2 2 0.16 94 – – – NS
Trifluralin 24 4 0.35 95 – – –



Sutter DBCP 5 2 0.12 97 – 5 –
EDB 2 2 0.044 96 – – –
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Highest Most MCL PHG EPA Cancer Pesticide
Sites with Concentration Recent Exceed- Exceed- Level With No



County Pesticide Detections Detections Detected (ppb) Detection ences ences Exceedences Standard



Simazine 5 3 0.12 96 – – –
Tehama ACET (atrazine/simazine



     degradate) 3 2 0.11 93 – – – NS
Atrazine 27 7 1.6 95 – 24 –
Bentazon 1 1 0.3 94 – – –
Bromacil 5 2 0.28 90 – – –
DBCP 11 2 0.55 96 6 11 –
Deethyl atrazine 4 2 0.34 93 – – – NS
Diuron 2 1 0.06 94 – – –
EDB 2 2 0.03 93 – – –
Paraquat 2 2 1.58 94 – – – NS
Simazine 11 5 0.2 95 – – –



Trinity Atrazine 1 1 0.069 94 – – –
Deethyl atrazine 2 2 0.013 95 – – – NS
Simazine 1 1 0.016 94 – – –



Tulare 1,2,4–Trichlorobenzene 1 1 1.3 92 – – – NS
1,2–Dichloropropane 7 2 7 96 1 7 –
ACET (atrazine/simazine
     degradate) 129 94 4.8 97 – – – NS
Atrazine 50 27 0.3 95 – 11 –
Bentazon 3 3 3.3 90 – – –
Bromacil 238 108 23 97 – – 5
Cyanazine 2 2 0.023 95 – – –
DACT 25 18 5.1 97 – – – NS
DBCP 856 82 2.9 98 187 856 –
Deethyl atrazine 19 13 0.52 97 – – – NS
Dicamba 3 3 0.01 92 – – – NS
Diuron 448 185 3.95 97 – – 14
EDB 6 3 0.03 94 – – –
Hexazinone 7 2 0.22 95 – – – NS
Methyl bromide 1 1 7 94 – – – NS
Monuron 7 3 0.17 90 – – – NS
Norflurazon 2 1 0.32 97 – – – NS
Picloram 1 1 0.1 93 – – –
Prometon 16 6 0.36 95 – – – NS
Simazine 504 221 2.4 97 – – 163
TPA (dacthal degradate) 1 1 0.06 91 – – – NS



Tuolumne Methyl bromide 2 2 2.5 91 – – – NS
Ortho–dichlorobenzene 3 1 0.61 90 – – – NS



Ventura Atrazine 10 5 0.33 93 – 5 –
Bentazon 1 1 2 93 – – –
Bromacil 3 1 0.32 93 – – –
Carbaryl 1 1 10 93 – – 1
Dalapon 5 5 17 93 – – –
DBCP 29 5 0.63 97 13 29 –
Diuron 1 1 0.46 93 – – –
EDB 13 2 0.58 92 7 – –
Methyl bromide 1 1 0.7 91 – – – NS
Picloram 1 1 1 96 – – –
Simazine 3 2 0.26 96 – – –



Yolo 1,2–Dichloropropane 6 1 56 93 6 6 –
Alachlor 2 1 0.58 93 – – 2











Highest Most MCL PHG EPA Cancer Pesticide
Sites with Concentration Recent Exceed- Exceed- Level With No



County Pesticide Detections Detections Detected (ppb) Detection ences ences Exceedences Standard



Aldicarb 3 3 6.4 97 – – – NS
Atrazine 8 3 0.87 95 – 5 –
Carbaryl 1 1 24 95 – – 1
Dalapon 1 1 19 97 – – –
DBCP 2 1 0.096 97 – 2 –
Dicamba 2 1 0.33 96 – – – NS
EDB 11 6 0.17 97 7 – –
Endrin 1 1 13 90 1 1 –
Ortho–dichlorobenzene 1 1 12 93 – – – NS
Simazine 4 2 0.14 95 – – –



Yuba 3–Hydroxycarbofuran 1 1 33 92 – – – NS
Aldicarb 1 1 14 92 – – – NS
Bentazon 31 9 3 97 – – –
Carbaryl 1 1 6.4 92 – – 1
Methomyl 1 1 11 92 – – – NS
Paraquat 1 1 0.91 97 – – – NS
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2002 National Listing of Fish & Wildlife Advisories 



Fish are an important part of a healthy diet. They are a lean, low-calorie source of 
protein. Some fish people catch in the Nation’s lakes, rivers, oceans, and estuaries, 
however, may contain chemicals that could pose health risks. The National Listing of 
Fish & Wildlife Advisories (NLFWA) contains information for those instances where 
local governments have found that the fish in their waters may not be safe to eat. 



The NLFWA now contains information on fish consumption advisories that were issued in 
2002. It describes advisories issued by the federal government, states, territories and 
tribes and local governments. Individuals can use the NLFWA to get information on 
advisories, but it may be more detailed than you need for that purpose. Please contact 
your local state or tribal representative to find out about the safety of the waters where 
you live. 



What are fish advisories? 
Generally, local governments protect people from possible risks of eating contaminated fish by 
monitoring their waters and issuing fish advisories when contaminant levels are unsafe. While 
most of the Nation's waters contain fish that are safe to eat, a consumption advisory may 
recommend that people limit or avoid eating certain species of fish caught from certain lakes, 
rivers or coastal waters. In some cases, advisories apply to specific water types (such as lakes), 
or they may include recommendations for specific groups (like pregnant women or children). 
Advisories apply to locally-caught fish or wildlife as well as fish purchased in stores and 
restaurants (find out about nationwide advisories by visiting the EPA fish advisory website). 
Many States have increased the number of notices of "no restriction" or safe eating guidelines to 
tell the public that the fish from certain areas have been tested and are safe to eat. Statewide 
advisories are also issued by many states: they warn the public of possible risks from eating 
certain species from certain types of waters. Commercial fishing bans may also be issued which 
forbid the harvest and sale of fish, shellfish, and/or wildlife species from a designated waterbody 
or area. 



What is in the National Listing? 
The purpose of the NLFWA is not to discourage you from eating fish. It is designed to help you 
find areas where fish are low in chemical pollutants so that you and your family can continue to 
enjoy the benefits of eating fish. The 2002 NLFWA (at http://www.epa.gov/waterscience/fish/) 
lists 2,800 advisories in the United States and contains, for each advisory: 



• Species and size of fish or wildlife under advisory 
• Chemical contaminants covered by the advisory 
• Location and surface area of the waterbody under advisory 
• Population subject to the advisory 
• Local contacts (including names, phone numbers and websites) 



You can use the website to generate national, regional, state or local maps that illustrate advisory 
information. 





http://map1.epa.gov/scripts/.esrimap?name=Listing&Cmd=StContacts


http://map1.epa.gov/html/federaladv.html


http://www.epa.gov/waterscience/fish/








What does the National Listing tell us? 
A statewide advisory warns the public of possible contamination of specific species of fish or 
wildlife in certain waters. Twenty-eight states currently have statewide advisories that cover all 
waters or certain waterbody types within the state for one of more species of fish. The States of 
Florida, Illinois, and Rhode Island each issued statewide advisories in 2002 for all lakes and 
rivers. In addition, the Native American Tribe, Micmac tribe of Maine also issued a new 
statewide advisory for tribal members. In all, about 95,000 thousand lakes (32.9% of lake 
surface area) and 544,000 thousand river miles (15%) are under fish advisory. About 70% of 
the coastline of the lower 48 states is under advisory, including 92% of the Atlantic Coast, 100% 
of the Gulf Coast, and several areas along the Pacific Coast. 



For what pollutants are the advisories issued? 
Most advisories involve five primary contaminants: mercury, PCBs, chlordane, dioxins, and 
DDT. These chemical contaminants persist for long periods in sediments where bottom-dwelling 
animals accumulate and pass them up the food chain to fish. Levels of these contaminants may 
increase as they move up the food chain, so top predators in a food chain (such as largemouth 
bass or walleye) may have levels a million times higher than that in the water. Mercury, PCBs, 
chlordane, dioxins, and DDT were at least partly responsible for 96% of all fish consumption 
advisories in effect in 2002. In 2002, 19 states issued statewide advisories for mercury in 
freshwater lakes and/or rivers. Another 11 states issued statewide advisories for mercury in their 
coastal waters. Thirty-eight states have issued PCB advisories, and four states added nine new 
PCB advisories in 2002. The number of dioxin advisories is small compared to the other four 
major contaminants. Although its use has been banned since 1975, the number of advisories 
currently in effect for DDT continues to slowly increased. 



Where can I get more information about fish advisories? 
For more information about the National Listing or the Advisories, you can visit the EPA's 
website at http://www.epa.gov/waterscience/fish/ . For a more detailed analysis of the 2002 
information, see our Technical Fact Sheet. To find out how to select and prepare fish, read "A 
Guide to Healthy Eating of the Fish You Catch". For more information about reducing your 
health risks from eating fish you catch, contact the local or state health or environmental 
protection department. You can find the telephone number in the blue section of your local 
telephone directory. Or you can find the name and number of a state or local fish advisory 
contact at the website. 





http://www.epa.gov/waterscience/fish/


http://www.epa.gov/waterscience/fish/advisories/factsheet.pdf


http://www.epa.gov/waterscience/fish/30cwafish.pdf


http://www.epa.gov/waterscience/fish/30cwafish.pdf


http://map1.epa.gov/scripts/.esrimap?name=Listing&Cmd=StContacts


http://map1.epa.gov/scripts/.esrimap?name=Listing&Cmd=StContacts
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Executive Summary
Analysis of recently released surface water sampling data compiled by the
Department of Pesticide Regulation (DPR) reveals that many California surface
water bodies suffer from toxic pesticide contamination that poses health threats
to humans and aquatic life.



The database contains records of over 92,000 sampling tests from 133 locations
on California creeks, rivers, drainage basins and sloughs—most of which are in
the Central Valley. 1  The data result from 32 studies conducted over the last ten
years, principally by the California Department of Pesticide Regulation.2



Pesticide contamination is widespread in California’s waterways



The data reveal a pattern of pesticide pollution in California’s waterways.



n Of the 151 different pesticide active ingredients that were sampled for,
eighty-six compounds (57%) were detected at least once.



n Pesticides were detected in nearly 8,500 samples (9% of all samples).



n Pesticides were detected in almost every waterway tested.  Pesticides were
detected in 128 of the 133 (96%) locations tested.



                                                          
1 Surface Water Database, compiled and released by California Department of Pesticide
Regulation, as of July 15, 2000. For a full bibliography, see
http://www.cdpr.ca.gov/docs/surfwatr/surfdata.htm.
2 In addition to DPR, studies also conducted by U.S. Geological Survey via its National Water
Quality Assessment Program (NWQA), Central Valley Regional Water Quality Control Board,
State Water Resources Control Board, DeltaKeeper, Dow Agro Sciences, City of Modesto, City of
Stockton, City and County of Sacramento, Sacramento River Watershed Program, and Sutter
County Dept. of Agriculture.
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n Many water bodies produced widespread detections.  Pesticides were
detected in over 50% of tests in 13 locations where more than 10 tests were
conducted.



Particularly hazardous pesticides were widely detected



n The five most frequently detected pesticide active ingredients were diuron,
diazinon, simazine, chlorpyrifos and molinate. (See Table A below.)



n All five of these are particularly hazardous pesticides that have been linked to
cancer, nervous system damage, endocrine (hormone) system disruption,
and/or groundwater contamination.



Table A: Health Effects of Top Five Most Frequently Detected Pesticides
Pesticide Percent



Positive
Detections



Health Effects



Diuron 58% Carcinogen, groundwater contaminant



Diazinon 48% Nerve toxin, potential groundwater contaminant



Simazine 44% Endocrine disruptor, groundwater contaminant



Chlorpyrifos 27% Endocrine disruptor, nerve toxin



Molinate 23% Nerve toxin, potential groundwater contaminant



Toxic pesticides are present at levels that threaten aquatic life and drinking
water sources



n Of the nearly 8,500 positive detections in the DPR database, 4,349 (51%)
exceeded safe levels for aquatic toxicity or drinking water consumption,
according to criteria set by state or federal agencies.



n Certain pesticides frequently exceeded criteria.  For example, diazinon
exceeded criteria 98% of the time it was detected, chlorpyrifos 92%,  molinate
33%, and simazine 12% of the time it was detected.



n Four pesticides, atrazine, molinate, simazine and carbofuran, were detected at
levels that exceed California drinking water standards.3



n One hundred and forty-six detections exceeded California drinking water
standards or health goals.



                                                          
3 Atrazine, molinate and simazine exceeded the enforceable Maximum Contaminant Levels
(MCLs) established by California’s Department of Health Services (DHS). Atrazine, carbofuran
and simazine exceeded the Public Health Goals (PHGs) adopted or proposed by California's
Office of Environmental Health Hazard Assessment (OEHHA).
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Pesticides in surface water may pose a health threat to people who use that water
for a drinking source or recreational activities.  For example, approximately 20
million people in Southern California depend on the Delta for drinking water.
Contaminated surface waters may also recharge underground aquifers that are
widely used for drinking water in the Central Valley.  Actual health risk will
depend on the degree to which individuals are exposed to pesticides -- an
analysis that is not attempted here.



While we know less about the health threat to humans from pesticide
concentrations in surface water, we do know that widespread pesticide toxicity
in waterways poses a clear threat to aquatic life, including important fisheries.



Recommendations



Although DPR's database is not a comprehensive set of all studies of surface
water quality in California, its significant volume of data demonstrates the
widespread contamination of the tested locations, corroborating the findings of
many other studies.4  This persistent pesticide contamination in California's
waters reflects the continued failure of the responsible agencies to take strong
action for the protection of our aquatic resources.



Policymakers and regulating agencies should:



n Begin immediate phase out of pesticides that continually contaminate our
waters at levels harmful to aquatic ecosystems and human health.



n Phase out the use of all pesticides linked to cancer, reproductive and
developmental harm, acute toxicity, nervous system damage, or groundwater
contamination.  Pesticides that are suspected of disrupting the proper
function of the endocrine (hormone) system should also be phased out.  All of
these pesticides threaten both humans and aquatic animals, and should be
phased out as a class.



n Close loopholes for agricultural runoff of pesticides.  Irrigation return flows
and rinse waters are currently considered non-point sources of pollution,
effectively exempting conventional agriculture from complying with the state
clean water act.  Agricultural entities that apply pesticides should be required
to monitor their discharges into nearby waterways and apply for permits to
discharge pesticides into our creeks, rivers, lakes and estuaries.



n Establish enforceable drinking water standards for all pesticides, and revise
existing standards to make them fully protective of public health.



                                                          
4 See J. Phyllis Fox and Elaine Archibald, Aquatic Toxicity and Pesticides in Surface Waters of the
Central Valley, California Urban Water Agencies (California, 1998).
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Chapter1
Pesticides are Present in Surface Water Data at Levels Harmful to
Humans and Aquatic Life



Toxic pesticides are common in California waterways
California’s Department of Pesticide Regulation (DPR) recently released its
Surface Water Database.  The database consists of over 92,000 water-sampling
tests from 133 locations on California creeks, rivers, drainage basins and sloughs,
located primarily in the Central Valley. (See Figure, Appendix H). 5  Compiled by
DPR, the data result from 32 studies conducted over the last ten years,
principally by the California Department of Pesticide Regulation.6



Pesticides were detected in nearly 8,500 (9%) of all samples.  Of the 151 different
pesticide active ingredients sampled for, eighty-six compounds were detected.
Eighteen pesticides were detected frequently, showing up in more than 10% of
the samples in which those pesticides were tested for.



Table 1-1: Top Five Most Frequently Detected Pesticides
Pesticide # of Positive



Detections/ #
of Tests



Percent
Positive
Detections



Health Effects



Diuron 343/591 58% Carcinogen, groundwater
contaminant



Diazinon 2,353/4,912 48% Nerve toxin, potential
groundwater contaminant



Simazine 927/2,110 44% Endocrine disruptor,
groundwater contaminant



Chlorpyrifos 1,189/4,364 27% Endocrine disruptor,
nerve toxin



Molinate 427/1,883 23% Nerve toxin, potential
groundwater contaminant



The five most frequently detected pesticide active ingredients—diuron, diazinon,
simazine, chlorpyrifos and molinate— are some of the most hazardous pesticides
used in California.  These pesticides have been linked to severe human health
and environmental health problems. (See Table 1-1 above).



Diazinon, chlorpyrifos and molinate are cholinesterase-inhibitors—chemicals
that interfere with the proper functioning of the nervous system.  In addition,
chlorpyrifos and simazine are suspected to cause disruption of the endocrine



                                                          
5 Surface Water Database, compiled and released by California Department of Pesticide
Regulation, as of July 15, 2000. For a full bibliography, see
http://www.cdpr.ca.gov/docs/surfwatr/surfdata.htm..
6 Studies also conducted by United States Geological Survey, Central Valley Regional Water
Control Board, State Water Resources Control Board, DeltaKeeper, Dow Agro Sciences, City of
Modesto, City of Stockton, City and County of Sacramento, Sacramento River Watershed
Program, and Sutter County Department of Agriculture.
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(hormone) system.  Diuron, the most frequently detected pesticide in tests for
that pesticide, has been classified by the U.S. EPA as a known or probable
carcinogen.  Four of the five are either known (diuron and simazine) or potential
(diazinon and molinate) groundwater contaminants.



Toxic pesticides frequently threaten California’s aquatic ecosystems
Sampling data show that pesticide concentrations in many of California’s surface
water bodies often exceed safe levels for aquatic health or drinking water safety.



Water quality and aquatic life
Rivers and streams are unique and critical ecosystems supporting enormous
biodiversity.  The health of California's aquatic ecosystems has declined
significantly over time, as human activities encroach on land and water once
primarily the realm of fish and wildlife.  While many destructive causes play a
role, it has become increasingly clear that in recent history, the application of
massive quantities of pesticides is a significant contributor to the decline of
aquatic ecosystems.



Criteria for protection of aquatic life
One tool for protecting aquatic organisms from the adverse effects of pesticides is
setting maximum allowable concentrations of pesticides in water.  These numeric
objectives are often called "criteria for protection of aquatic life."  Both acute and
chronic criteria exist.  Acute criteria provide limits for a high level, one-time
exposure.  Chronic criteria provide the maximum allowable concentration
assuming repeated long-term exposure.



Several organizations have developed aquatic life criteria for pesticides,
including the U.S. Environmental Protection Agency (U.S. EPA), the U.S.
Geological Survey via its National Water Quality Assessment program
(NAWQA), the Canadian Council of Ministers of the Environment, and the
California Department of Fish and Game.  As used below, “aquatic life criteria”
are derived from those agencies' criteria.  While these criteria are not enforceable
standards, comparing pesticide concentrations detected in California surface
waters to these recognized criteria produces a striking overall picture of the
health of California's aquatic ecosystems.



AQUIRE-based criteria for aquatic animals and plants
The U.S. EPA maintains a database of studies that the agency has reviewed and
accepted on the toxicity of pesticides to aquatic animals and plants.  The
database, known as AQUIRE,7 provides information on both acute toxicity (one-
time high dose effects) and chronic toxicity (long-term effects of exposure).  The
studies in this database have been reviewed and accepted by the EPA, but have
not been used in the process of setting official water quality standards.  As used
below to evaluate harm to aquatic animals and plants, “AQUIRE-based criteria”
is the lowest concentration level at which a negative effect, acute or chronic, has
been observed in a species of aquatic animal or plant from these approved
studies.  The observed effect may be death, or it may be an observable chronic



                                                          
7 AQUIRE stands for Aquatic Toxicity Information Retrieval Database.
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effect such as reproductive effects, developmental damage, or lowered
population levels.



Pesticides in California surface waters often exceed aquatic life criteria and
AQUIRE-based criteria
Overall, 34% of positive detections (2,916) exceeded aquatic life criteria.  Forty-
eight percent (4,068) of positive detections exceeded AQUIRE-based criteria.  In
total, 4,315 detections (51% of detections) exceeded either aquatic life or
AQUIRE-based criteria.



All of the most frequently detected pesticides exceeded either aquatic life criteria
or AQUIRE-based criteria, some with alarming frequency. (See Table 1-2 below).



Table 1-2 Pesticides Detected at Levels Harmful to Aquatic Ecosystems
Pesticide Positive



Detections
Positive
Detections
Exceeding
AQUIRE-
based Criteria



Positive
Detections
Exceeding
Aquatic Life
Criteria



Pounds
Applied in
1998 in CA



Diazinon 48% 98% 56% 874,663
Chlorpyrifos 27% 92% 92% 2,374,727
Molinate 23% 33% 18% 1,001,156
Simazine 44% 6% 9% 793,436
Diuron 58% 2% 0% 1,504,655



Diazinon
An insecticide used often on prunes and almonds, diazinon is one of a widely
used class of pesticides—organophosphates. Organophosphates inhibit
cholinesterase, an enzyme critical to the proper functioning of the nervous
system of animals, including humans.  In humans, diazinon and other
organophosphates can cause headaches, dizziness, blurred vision, vomiting,
diarrhea and seizures.8  In addition, based on its solubility and half-life, diazinon
qualifies as a potential groundwater contaminant.9 Although diazinon use has
decreased slightly between 1995 and 1998, it still ranks among the top 15 most
frequently used highly toxic pesticides in California.10



The most frequently monitored pesticide, diazinon is routinely found in
California’s surface waters.  Over the ten year period, diazinon was detected 48%
of the time it was tested for.  Almost every time diazinon was detected (98%), it
exceeded the AQUIRE-based criteria.  In other words, almost any time diazinon
was detected in surface waters, it was found at a concentration harmful to at least
one species of aquatic life.  Over half of the time it was detected (56%), diazinon



                                                          
8 U.S. Environmental Protection Agency, Recognition and Management of Pesticide Poisonings, 5th



ed., EPA 735-R-98-003, 1999, p. 34.
9 S. Kegley, S. Orme, L. Neumeister, Hooked on Poison: Pesticide Use in California 1991-1998,
Pesticide Action Network (San Francisco, CA) and Californians for Pesticide Reform (San
Francisco, CA 2000), p. 76.
10 Ibid., reference 9, p. 19.
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exceeded aquatic life criteria.  Given the frequency with which diazinon was
detected, diazinon poses a major threat to the aquatic ecosystem.   Diazinon has
not been regulated as a drinking water contaminant in California.



Chlorpyrifos
Used in agriculture on cotton and orange groves, and in structural pest control,
chlorpyrifos is among the most widely used organophosphate insecticides on the
market. Organophosphates, as noted above, interfere with the nervous system of
animals, including humans.



Chlorpyrifos is also a suspected endocrine (hormone system) disruptor.11  In
recent years, many chemicals have been linked to disruption of the hormone
function in humans and or wildlife.12 Interference with the endocrine system
particularly affects developing organisms, and can result in abnormalities in
growth, reproduction and development, as well as cancer and immune system
disorders.13  In 1998, chlorpyrifos was the most widely used endocrine-
disrupting insecticide.14



Citing concerns about harmful health effects on children, the U.S. EPA recently
announced its decision to restrict the use of chlorpyrifos on certain crops
frequently consumed by children, such as grapes, apples and tomatoes.15  The
U.S. EPA also banned use of the chemical in homes, schools and day care centers
because they determined it to be too toxic to use around children.



Chlorpyrifos was the second most frequently tested-for pesticide.  While
chlorpyrifos appeared less frequently than diazinon (27% of the time), it was
found at harmful levels with great regularity.  Chlorpyrifos exceeded AQUIRE-
based criteria 92% of the time it was detected, and exceeded aquatic life criteria
92% of the time it was detected.  Chlorpyrifos has not been regulated as a
drinking water contaminant in California.



Diuron
Diuron, the most frequently detected pesticide in DPR’s data set, is an herbicide
used primarily on rights-of-way and in agriculture on orange groves and alfalfa
fields.  Diuron is among the 15 most hazardous pesticides with the highest
reported use.  Between 1995-1998, reported diuron use increased by 40%.16



The U.S. EPA has classified diuron as a known or probable carcinogen.  It is also
a known groundwater contaminant in the state of California.



                                                          
11 Ibid., reference 9, p. 51, n. 10.
12 Ibid., reference 9, p. 50.
13 Ibid., reference 9, p. 50.
14 Ibid., reference 9, p. 24.
15 U.S. Environmental Protection Agency, Office of Pesticide Programs, “Administrator’s
Announcement on Chlorpyrifos,” http://www.epa.gov/pesticides/.
16 Ibid., reference 9, p. 19.
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Diuron was detected in 58% of all samples, making it the most frequently
detected pesticide in the data set.  Diuron levels exceeded AQUIRE-based criteria
2% of the time it was detected, and did not exceed aquatic life criteria.



Toxic pesticides threaten drinking water sources
Many different factors contribute to pesticide contamination of drinking water
sources, including the chemical properties of pesticides, amounts used,
application methods, type of soil, amount of rainfall and proximity to rivers.
Contamination is worst where pesticides are used most heavilyCalifornia’s
Central Valley has the worst contamination problem in the state.17  But the
problem is not limited to the Central Valley.  Pesticides are used throughout the
state, and the combination of factors that allow pesticides to move into drinking
water sources exists in many areas.



Protecting drinking water sources 
Surface water is typically stored in reservoirs during the rainy winter months
and spring thaw, and slowly released into rivers and aqueducts throughout the
year.  With over 1,400 dams in California, virtually the entire hydrologic system
of the state is engineered to meet human water needs.18



Pesticides enter into surface water through a variety of avenues. (See Figure 1-1
below).  Rain and irrigation water wash pesticides away from farms and urban
areas into surface waters.  This pollution can be washed down rivers or cling to
sediment lining waterways and be released slowly.  Groundwater also interacts
with rivers and streams, and pesticides that have leached through the soil into
groundwater aquifers can be drawn into surface water bodies through this
interaction.  Even aerial pesticide drift can be picked up by moisture in the air
and fall to the ground as precipitation, then drain into surface water bodies.



Figure 1-1: Routes of Pesticide Contamination of Surface Waters
Credit: U.S Geological Survey



                                                          
17 B. Heavner, Toxics on Tap: Pesticides in California Drinking Water Sources, CALPIRG Charitable
Trust (San Francisco, CA) and Californians for Pesticide Reform (San Francisco, CA 1999), p. 12.
18 California Department of Water Resources, Division of Safety of Dams, Bulletin 17-93, 1993.
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The health of our drinking water sources depends on the health of our surface
water
Detection of pesticides in surface water at levels dangerous to human health does
not necessarily mean that those pesticides will be found at equally high levels at
the tap.  Nonetheless, the ongoing presence of pesticides in our drinking water
and our continued inability to treat drinking water thoroughly underscores the
need to protect our drinking water at the source.  With a growing population and
limited sources of drinking water that are already overused, California has no
margin of error allowing us to abandon polluted drinking water sources without
jeopardizing our ability to meet our basic water needs.



California’s drinking water standards
The only legally enforceable drinking water standards in California are the
California Maximum Contaminant Levels (MCLs) set by the state Department of
Health Services (DHS).19  Of the over 860 pesticides registered for use in
California, only 27 pesticides have established MCLs.  MCLs are expressed as
concentration levels of "parts per billion" or “ppb.”



In 1996, legislation was passed requiring California's Office of Environmental
Health Hazard Assessment (OEHHA)20 and DHS to revise existing drinking
water standards.  Since then OEHHA has reviewed recent scientific studies and
issued Public Health Goals (PHGs) for 22 of the 27 regulated pesticides. A draft
PHG for simazine has been proposed, but not yet adopted.  PHGs for 14 of those
23 pesticides are lower than the MCL for that pesticide (including the proposed
simazine PHG), indicating that these pesticides pose a health threat at
concentrations lower than those that have been allowed by law.  DHS will now
consider whether to revise the MCLs for these pesticides based on the new
PHGs.



Agencies have been slow to establish MCLs and PHGs, resulting in regulation of
only a limited number of pesticides.  Many high-use and/or frequently detected
pesticides go unregulated, while these pesticides may pose an equal or even
greater threat of contamination to our drinking water.



Toxic pesticides were found at levels exceeding human health standards
Of the 27 pesticides for which MCLs have been set, positive detections were
found for nine of them.  (See Appendix F).  Three pesticides, atrazine, molinate
and simazine, were detected at levels exceeding the established MCL.  (See Table
1-3 below).  In at least one instance, molinate was detected at a concentration
more than double the MCL, and simazine was detected at more than three times
the MCL.



                                                          
19 California enacted its Safe Drinking Water Act (SDWA) in 1976 to administer the federal SDWA
through the California Department of Health Services.  The California SDWA requires DHS to
establish MCLs for California for all contaminants that are regulated by U.S. EPA, and to
establish additional state MCLs for contaminants of particular concern in California.
20 A division of the California Environmental Protection Agency that performs risk assessments.
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Table 1-3 Pesticide Detections Exceeding MCLs
Pesticide MCL (ppb) MCL Exceedences (#) Highest Concentration



Detected (ppb)
Atrazine 3 3 5.3
Molinate 20 21 44.09
Simazine 4 4 13



Samples tested positive for eight of the 23 pesticides for which PHGs have been
set or proposed. (See Appendix E).  Of these, three pesticides were detected at a
level exceeding their PHGs. (See Table 1-4 below).



Detected levels of atrazine exceeded its PHG of 0.15 five times; in one instance,
the concentration of atrazine exceeded its PHG by 35 times.  Carbofuran
exceeded its PHG 8 times, with the highest concentration detected at 5.15 ppb,
over 3 times the PHG of 1.7.  (See Table 1-4 below).  Simazine was detected 112
times at levels exceeding the draft PHG of 0.4 ppb.  The highest concentration of
simazine detected was 13 ppb, or 32.5 times the public health goal.



Table 1-4 Pesticides Exceeding PHGs
Pesticide PHG (ppb) PHG Exceedences (#) Highest Concentration



Detected (ppb)
Atrazine 0.15 5 5.3
Carbofuran 1.7 8 5.15
Simazine Draft 0.4 112 13



Atrazine
Atrazine has been a popular weed killer across the U.S. since its introduction in
1958.  In 1998, over 58 thousand pounds of atrazine were reported used in
California, mostly on fodder crops and feed corn.21  DHS set the MCL for atrazine
at 3 ppb in 1989 based on non-cancer effects.  Since then, atrazine has been
classified as an endocrine disruptor, and evidence of its cancer-causing potential
has continued to mount.  In addition, U.S. EPA recently raised atrazine to “likely
human carcinogen” status.  The State of California has not yet listed atrazine as a
human carcinogen either (Prop 65 list), but it is on the state priority list for
possible future listing.22



OEHHA set its new Public Health Goal for atrazine based on its carcinogenic
effects.  The new atrazine PHG of 0.15 ppb is 20 times lower than the atrazine
MCL, meaning that concentrations of atrazine in water far below legally
tolerated levels may cause significant risk of cancer.



Molinate
Since the mid-1970s, California rice farmers have used molinate to control weeds.
Molinate use decreased from 1991 to 1998, but reported use still exceeded one



                                                          
21 Ibid., reference 9, p. 74
22 Cal/EPA Office of Environmental Health Hazard Assessment, Public Health Goal for Atrazine in
Drinking Water, February, 1999.
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million pounds in 1998.23  Molinate is one of the most frequently detected
pesticides in tested surface waters.  Molinate is a cholinesterase-inhibiting nerve
toxin, as well as a potential groundwater contaminant.24



Currently, the MCL for molinate is 20 ppb.  Since DHS set that level, studies have
shown molinate to cause reproductive damage.  The U.S. EPA has also listed it as
a possible human carcinogen.



Simazine
Simazine, an herbicide in the triazine class, is closely related to atrazine.  In
California, over 793,000 pounds of simazine were used in 1998, largely on
orchards, vineyards, and nut groves.25 Simazine, too, is among the pesticides
most often detected in California waters.



The Office of Environmental Health Hazard Assessment (OEHHA) was
scheduled to review simazine to establish a new public health goal (PHG) by the
end of 1999.  In October, 1999, OEHHA proposed draft PHGs for four pesticides,
carbofuran, diquat, thiobencarb and simazine.  In September, 2000, OEHHA
announced the adoption of the PHGs for carbofuran, diquat, thiobencarb, but not
simazine.  The adoption of the proposed PHG of 0.4 for simazine, which is 10
times lower than its current MCL of 4, is still pending.



Carbofuran
An insecticide used primarily on alfalfa, rice and grapes, carbofuran's long half-
life and high water solubility qualifies it as a potential groundwater contaminant
in California.26  Carbofuran is a carbamate—a type of pesticide that inhibits the
proper functioning of the nervous system.  It is also a U.S. EPA Category I acute
systemic poison.27



                                                          
23 Ibid., reference 9, p. 80.
24 Ibid., reference 9, pg. 80.
25 Ibid., reference 9, p. 82.
26 Ibid, reference 9, p. 75.
27 The U.S. EPA categorizes pesticide products according to their acute (immediate toxicity).
Ranging from I to IV, I is the most toxic.  Evaluated according to the same guidelines of lethality,
the active ingredient carbofuran qualifies as a Category I acute toxin.  See ibid, reference 9, pp. 50,
75.
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Chapter 2
Most California Rivers Tested for Pesticides Suffer from
Contamination



Over 92,000 sampling tests were conducted at 133 sites on or near California
rivers.  (See Figure, Appendix H).   Pesticides were found in 128 of the 133 sites.
The sites were located in 16 counties, and the majority of the test sites located in
Stanislaus, San Joaquin and Sacramento counties, with over ten test sites in
Sutter, Merced and Imperial counties, as well. (See Appendix G).



Arranged by river below, DPR’s data set shows routine contamination of
California’s rivers by the most frequently detected pesticides.



n The Sacramento River (Butte, Colusa, Glenn, Sacramento, Sutter, Tehama
and Yolo Counties)



Nearly 19 thousand tests were conducted at 20 sites on the Sacramento River.
Roughly four percent of tests resulted in positive detections (680 positive
detections).  Of the positive detections, 33% of detections (221 detections)
exceeded AQUIRE-based, aquatic life or human health criteria for any pesticide.
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Figure 2-1: Detections and Exceedences in the Sacramento River (Butte, Colusa, Glenn,
Sacramento, Sutter, Tehama and Yolo Counties)



Twenty-two percent of tests (203 of 944 tests) for diazinon returned a positive
result.  All of the positive detections exceeded AQUIRE-based criteria or aquatic
life criteria.  (See Figure 2-1 above).
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Chlorpyrifos was detected infrequently (1% of all tests for the pesticide).
However, in all positive tests, chlorpyrifos levels exceeded either the aquatic life
or AQUIRE-based criteria.  Simazine, detected 27% of the time, was found at
concentrations exceeding the draft Public Health Goal of 0.4 ppb in 1% of the
total tests.   Diuron, the most commonly detected pesticide overall, was found in
nearly half (44%) of tests on the Sacramento River and its tributaries, but did not
exceed any criteria.  Molinate was detected 13% of the time it was tested for, and
also did not exceed criteria.



n The American River (Sacramento County)
Seven sites of the lower portion of the American River in Sacramento County
were tested.  Of the 4,262 tests conducted, pesticides were detected infrequently,
in only 2% of the tests (98 detections).  This is largely because many pesticides
were tested for, but were not found.  Of the positive detections, 57% exceeded
AQUIRE-based criteria, aquatic life criteria or human health standards for any
pesticide.
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Figure 2-2: Detections and Exceedences in the American River (Sacramento County)



Although many pesticides monitored were not detected, thereby resulting in a
low percentage of positive tests overall, tests for certain pesticides routinely
returned positive detections.  (See Figure 2-2 above).  Of the tests for diazinon,
positive detections of diazinon were found 29% of the time.  Every detection
exceeded AQUIRE-based or aquatic life criteria.  Chlorpyrifos was present 47%
of the time it was tested for, and again, every detections exceeded AQUIRE-
based or aquatic life criteria.  Simazine, detected in 40% of the samples, also
exceeded AQUIRE-based, aquatic life criteria or California drinking water
standards every time.  In fact, all simazine exceedences were found at levels
exceeding California's proposed PHG of 0.4 ppb.  Diuron was tested infrequently
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(11 times), 9 detections were found, and 2 of the detections exceeded AQUIRE-
based criteria.



n The San Joaquin River (San Joaquin, Stanislaus, and Merced Counties)
The San Joaquin River is the main river carrying water through the Central
Valley.  Nearly 35,000 tests were conducted at 20 test sites on the San Joaquin
River and its tributaries in three counties.  Pesticides were detected in over nine
percent of the tests (3,208 detections).  Of the positive detections, 50% exceeded
aquatic life criteria, AQUIRE-based criteria or drinking water standards.
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Figure 2-3: Detections and Exceedences in the San Joaquin River and Tributaries (San Joaquin,
Stanislaus and Merced Counties)



Diazinon was detected 46% of the time it was tested for in the San Joaquin River
and its tributaries (853 of 1,871 tests).  Almost all positive detections (842)
exceeded either AQUIRE-based criteria or aquatic life criteria.  (See Figure 2-3
above).



Chlorpyrifos was detected roughly one quarter of the time (24%, or 468 positive
detections of 1,968 tests) in the San Joaquin and its tributaries.  Nearly all
chlorpyrifos detections exceeded aquatic life criteria or AQUIRE-based criteria.



Simazine appeared frequently (47% or 417 of 889 tests) in the San Joaquin and its
tributaries.  Five percent of all tests for simazine exceeded AQUIRE-based
criteria, aquatic life criteria or the draft Public Health Goal for drinking water in
California.  In fact, every exceedence of simazine in the San Joaquin and its
tributaries exceeded the draft PHG of 0.4 ppb.
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Molinate was not detected much in the San Joaquin River.  Although it is one of
the five most frequently detected pesticides overall, it was only detected in three
percent of the total samples on the San Joaquin and its tributaries.  Of those
positive detections, molinate levels exceeded aquatic life or AQUIRE-based
criteria once.



n The Tuolumne River (Stanislaus County)
Testing was conducted at five sites on the Tuolumne River in Stanislaus County.
Seven percent of the 2,601 tests detected any pesticide.  Over half of the positive
detections exceeded criteria (52%).
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Figure 2-4: Detections and Exceedences in the Tuolumne River (Stanislaus County)



As has been the pattern, for diazinon and chlorpyrifos, all of the positive
detections of these pesticides exceeded one or more criteria.  Diazinon was found
69% of the time it was tested for; chlorpyrifos 36% of the time.  Simazine was
detected 100% of the time it was tested for, and 30% of the total simazine tests
exceeded criteria, including the draft PHG of 0.4 ppb.  (See Figure 2-4 above).



n The Merced River (Merced County)
The Merced River was tested in three locations, all in Merced County.  Four
percent of the tests detected pesticides.  Of those detections, 45% exceeded
criteria for any pesticide.











16



0



20



40



60



80



100



Diazinon Chlorpyrifos Simazine



Pesticide Detections in the Merced River
Merced County



Positive detections
Positive detections exceeding criteria



37



30



95



37



30



10P
er



ce
n



t 
o



f 
al



l 
sa



m
p



le
s 



te
st



ed
 f



o
r 



th
e 



p
ar



ti
cu



la
r 



p
es



ti
ci



d
e



Figure 2-5: Detections and Exceedences in the Merced River (Merced County)



Diazinon detections (37% positive) exceeded AQUIRE-based or aquatic life
criteria every time it was tested for.  Chlorpyrifos, detected 30% of the time, also
exceeded AQUIRE-based or aquatic life criteria every time it was detected.  For
simazine, 95% of all tests showed the presence of pesticides.  Ten percent of all
tests for simazine exceeded criteria, including California's draft Public Health
Goal of 0.4 ppb.  (See Figure 2-5 above).



n The Alamo River (Imperial County)
Nearly 5,000 tests were conducted at eleven locations on the Alamo River in
Imperial County.  Nine percent (426 detections) of tests detected pesticides.
Sixty-three percent (268 detections) of the positive detections exceeded criteria
for any pesticide.



Tests for diazinon were positive 49% of the time (55 of 113 tests).  All positive
tests exceeded at least one AQUIRE-based or aquatic life criteria.



Chlorpyrifos was detected in 28% of the tests (32 of 113 tests).  Again, every
positive test exceeded AQUIRE-based or aquatic life criteria.



Endosulfan family28 pesticides are not among the five most frequently detected
pesticides statewide, but in Imperial County, use of these pesticides on alfalfa
crops is common.  Not surprisingly, endosulfan family pesticides were detected
64% of the time (125 detections of 195 tests).  Fifty-six percent (110) of all tests for
these pesticides exceeded either AQUIRE-based or aquatic life criteria.   (See
Figure 2-6 below).



                                                          
28 Endosulfan, endosulfate and endosulfan II.
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Figure 2-6: Detections and Exceedences in the Alamo River (Imperial County)











18



Chapter 3
Conclusions and Recommendations



Pesticide use continues unabated in conventional agriculture
More than 1.5 billion pounds of pesticides were released into the environment in
California between 1991 and 1998, according to use reporting data.29  In 1998,
nearly 64 million pounds of the most toxic pesticide active ingredients—acute
nerve toxins, carcinogens, reproductive or developmental toxins, neurotoxins, or
groundwater contaminants—were used.30 Because many routes exist for
transport of pesticides to water, it is no surprise that numerous pesticides are
commonly found in the state’s waters, sediments, and animal tissues.



Extensive analyses of pesticide contamination and its effects on our aquatic
ecosystems and drinking water are available in Toxics on Tap: Pesticides in
California Drinking Water Sources and Disrupting the Balance: Ecological Impacts of
Pesticides in California.



Analysis of DPR's data confirms what this previous research has already
demonstrated: California's waterways suffer from widespread contamination
from pesticides, including the most toxic pesticides.  Only with rigorous
commitment to curbing the release of pesticides—starting with wholesale
reduction of use and including the regulation of unchecked sources of
discharge—will we foster the rehabilitation of our aquatic ecosystems and
protect the quality of our drinking water sources.



Recommendations for the California Department of Pesticide Regulation



n Begin immediate phase-out of diazinon and chlorpyrifos immediately to stop the toxic
flows in California surface waters.  All available data indicate that diazinon and
chlorpyrifos are the worst offenders causing toxicity in California waterways.
Neither voluntary efforts nor government regulation is working to protect
our waterways from toxic flows of these pesticides.  The presence of these
pesticides must be eliminated from our water so California’s aquatic
organisms can recover.  With the recent issuance of U.S. EPA’s restrictions on
chlorpyrifos and the pending reevaluation of diazinon, California EPA
should take the opportunity to restrict the use of these highly toxic pesticides
even further.



n Phase out the worst pesticides and reduce the use of the rest.  California needs a
comprehensive program to eliminate use of all pesticides known to have
adverse effects on human health and the environment.  Without such a plan,
banning individual pesticides will simply result in shifting to equally toxic
substitute pesticides.  This “risk shifting” would create new and (at present)
unknown adverse effects on wildlife and humans. Under current federal risk
assessment requirements, it could take another ten years of study to establish



                                                          
29 Ibid., reference 9, p. 6.
30 Ibid., reference 9, p. 7.
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without a shadow of a doubt that a new pesticide is indeed harmful in the
environment.  Meanwhile, the ecosystem will have sustained yet another ten
years of damage.  Rather than regulating pesticides one at a time—which
leads to a tremendous regulatory burden and to serial substitution of one
toxic material for another—we should adopt a system of ecologically based
pest management that reduces the need for toxic pesticides, including those
that are produced by genetically engineered plants.



n Take decisive action for the protection of surface water.  Pesticide contamination of
surface water is not controlled as strictly as groundwater.  DPR should create
a regulatory system for surface water with a clear legal requirement of
preventing all future contamination.



n Work with the State and Regional Water Quality Control Boards to reduce toxic
pesticide runoff into surface waters and groundwater.



Recommendations for the Central Valley Regional Water Quality Control
Board and the State Water Quality Control Board



n Close regulatory loopholes and enforce the Porter-Cologne Water Quality Act.  For
too long, agriculture has avoided regulation of its point and non-point
discharges into waterways.  Irrigation return flows and rinse waters are
currently considered non-point sources of pollution, effectively exempting
conventional agriculture from complying with the state clean water act.  To
prevent the further degradation of California’s waterways, both for the
restoration of a healthy ecosystem and the maintenance of safe drinking
water sources, agricultural entities that apply pesticides should be required to
monitor their discharges into nearby waterways and apply for permits to
discharge pesticides into our creeks, rivers, lakes and estuaries.



Recommendations for the Department of Health Services



n Revise Maximum Contaminant Levels (MCLs)—the only enforceable drinking water
standards—to make them fully protective of public health.  As new Public Health
Goals show that MCLs allow levels of contamination that pose a significant
risk to human health, DHS should act quickly to correct this shortcoming.
DHS should also adopt health standards for pesticides that are not currently
regulated but have been shown to be a potential threat to public health.



n Stop ignoring valuable data in assessing the extent of pesticide contamination.
Discarding pesticide detections below weak reporting limits skew DHS’s
understanding of the extent of the problem and affects its choice of solutions.



Recommendations for individuals



n Use least-toxic pest control methods around your home and garden.
n Buy organic foods whenever possible.
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n Call on your local school district and local government to stop using toxic
pesticides.



n Call or write Governor Davis to express your concern about pesticide
contamination of drinking water sources.
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Appendix A: Methodology



In July 2000, the California Department of Pesticide Regulation (DPR) released its Surface Water
Database (SWD).  The SWD provided results in database form from 32 studies of California
waterways conducted over the past ten years.  The included studies, conducted in large part by
DPR itself, and also by the U.S. Geological Survey, California Department of Fish and Game, and
some others, represent but a small sample of all the tests of California surface waters.
Nonetheless, presented as DPR’s Surface Water Database, we thought it important to analyze the
information DPR has chosen to provide the public under its name.



We analyzed the data in several ways to develop an overall view of surface water quality in the
tested water bodies.  First, we determined the most frequently detected pesticides by comparing
the number of tests for a particular pesticide and the number of positive detections for that
pesticide.  We identified the most frequently detected pesticides overall as diuron, diazinon,
chlorpyrifos, molinate and simazine.  With few exceptions, we contained our later analyses to
these five pesticides.  The exceptions are noted below.



In Chapter One, we analyzed the SWD using water criteria and standards established to protect
human health and aquatic life.  “Aquatic life criteria” are derived from recognized aquatic life
and ambient water quality standards (enforceable by law) and criteria (not enforceable) from the
U.S. EPA (Freshwater Aquatic Life Criteria for Continuous Exposure), the U.S. Geological Survey
via its National Water Quality Assessment program (NAWQA), the California Department of
Fish and Game, and the Canadian Council of Ministers of the Environment (Guidelines for water
quality for recreational use, freshwater aquatic life, and agricultural uses (irrigation and livestock
consumption).. An “exceedence” is any detection that exceeded the lowest standard or criteria for
each particular pesticide.



We derived additional criteria based on levels observed to harm aquatic life using data from the
U.S. EPA AQUIRE database.  AQUIRE is a collection, in database form, of thousands of studies
evaluating toxicity to aquatic life.  The AQUIRE data provide pesticide concentration levels at
which acute or chronic harm has been noted in aquatic animals and plants.  From the AQUIRE
data, we determined the lowest level at which harm has been observed and compared the
detected concentrations from the SWD against the AQUIRE levels.  This compilation of criteria
provides another baseline against which to gauge harm to the aquatic ecosystem.



Next, we analyzed the SWD data against California’s drinking water standards, the enforceable
Maximum Contaminant Levels (MCLs) set by the Department of Health Services, and the Public
Health Goals (PHGs) established by the Office of Environmental Health Hazard Assessment
(OEHHA).  We expanded the analysis beyond the top five most frequently detected pesticides,
listed above, to include analyses of atrazine and carbofuran detections, as well.  This was done in
part because only two of the five most frequently detected pesticides (simazine and molinate) are
even regulated as drinking water contaminants in California.



In Appendix B, we expanded the human health references to include other guidelines and criteria
in addition to California MCLs and PHGs, such as criteria collected by U.S.G.S. NAWQA from a
variety of agencies, the U.S. EPA criteria for human consumption of fish and water, as well as the
Canadian drinking water standards.  These values were not used to calculate “exceedences” in
this report, but rather were added to Appendix B to complete a picture about standards and
guidelines pertaining to drinking water in North America.



In Chapter Two, we analyzed the data set according to testing sites.  We organized the sites by
river and then calculated the total number of tests conducted in the river and the total number of
positive detections of any pesticide.  Next, we analyzed the presence of the top five most
frequently detected pesticides overall—diuron, diazinon, chlorpyrifos, simazine and molinate.
Because of the predominance of these five in the data set overall, and to keep the analysis
consistent, we analyzed these five even if the individual water body may have had a slightly
different top five.  The one exception is for the Alamo River in Imperial County, where we saw
very high levels of endosulfan family pesticides.  In that instance, we included analysis of
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Appendix A, continued



endosulfan family pesticides (endosulfan, endosulfan II and endosulfate).  In the river analysis
we evaluated positive detections of the top five pesticides against aquatic life criteria, AQUIRE-
based criteria, and where applicable, California drinking water standards.



References for criteria:



DPR Surface Water Database:
http://www.cdpr.ca.gov/docs/surfwatr/surfdata.htm.



U.S. EPA AQUIRE database:
http://www.epa.gov/ecotox



U.S. EPA National Recommended Water Quality Criteria:
http://www.epa.gov/ost/pc/revcom.pdf



U.S. Geological Survey National Water Quality Assessment
http://water.wr.usgs.gov/pnsp/anstrat/ (updated 8-20-99)



California Department of Fish and Game:
M. Menconi and C. Cox, Hazard Assessment Report of the Insecticide Diazinon to Aquatic Organisms
in the Sacramento-San Joaquin River System, California Department of Fish and Game,
Environmental Services Division Administrative Report 94-2, 1994.



Canadian Council of Ministers on the Environment
http://www.ec.gc.ca/ceqe/water.htm  (ambient water, 1999)
http://www.hc.sc.gc.ca/ehp/bch/water_quality.htm (drinking water, 1999)



California Drinking Water Standards:
MCLs:  http://www.dhs.ca.gov/ps/ddwem/chemicals/mcl/primarymcls.htm
PHGs:  http://www. oehha.ca.gov/water/phg/index.html
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Appendix B:  Detected Pesticides and Criteria



For purposes of calculating human health exceedences in the report, concentrations in water were
compared only to California MCLs or PHGs, as listed below. Other “Human Criteria” provided
below are for reference purposes only.  For calculating aquatic life exceedences in the report,
concentrations in water were compared to the lowest of either AQUIRE-based or aquatic life
criteria listed below, unless specified.  “N/A” below indicates that no criteria have been set for
the pesticide.  See Appendix A (Methodology) for detailed description of criteria and responsible
agencies.



Chemical Name Reference for Lowest
Human Criteria



Human
Criteria



Reference for Lowest
Aquatic Life Criteria



Aquatic
Life



Criteria



AQUIRE
-based
Criteria



2,4,5-T USGS NAWQA
Human



70 Chronic AQUIRE data: 20 20



2,4-D CA MCL:  70, PHG: 70 70 Chronic AQUIRE data: 1 4 1



2,4-DB acid Acute AQUIRE data:
10825



10825



2,6-Diethylaniline Chronic AQUIRE data:
59.84



59.84



3-hydroxycarbofuran



Alachlor CA MCL: 2 PHG: 4 2 Chronic AQUIRE data: 5 5



Alachlor U.S. EPA FWCriteria
for Human
Consumption of
Fish+Water



0 Chronic AQUIRE data: 5 5



Aldicarb USGS NAWQA
Human: draft MCL



7 Canada Water Criteria
(FW Aquatic Life)



1 9.8167



Aldicarb sulfoxide USGS NAWQA
Human: draft MCL



7 USGS NAWQA Aquatic:
Env. Can. (1999)



1 50



Aldoxycarb USGS NAWQA
Human: draft MCL



7 USGS NAWQA Aquatic:
Env. Can. (1999)



1 462.5



Atrazine CA MCL:  3, PHG: 0.15 0.15 Canada Water Criteria
(FW Aquatic Life)



1.8 2



Azinphos-methyl Canada Drinking Water
Standard



20 US EPA FW Aquatic Life
Criteria for Continuous
Exposure



0.01 0.024



Benfluralin Acute AQUIRE data: 3275 3275



Benomyl Acute AQUIRE data:
47742



47742



Bentazon, sodium salt CA MCL: 18, PHG: 200 18



Bromacil USGS NAWQA
Human



90 Canada Water Criteria
(Irrigation Water)



0.2 97



Bromoxynil octanoate Chronic AQUIRE data:
85.2727



85.2727



Butylate USGS NAWQA
Human



350 Chronic AQUIRE data:
485



485



Carbaryl Canada Drinking Water
Standard



90 Canada Water Criteria
(FW Aquatic Life)



0.2 1



Carbofuran CA MCL:  18, PHG: 1.7 1.7 Canada Water Criteria
(FW Aquatic Life)



1.8 2
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Chemical Name Reference for Lowest
Human Criteria



Human
Criteria



Reference for Lowest
Aquatic Life Criteria



Aquatic
Life



Criteria



AQUIRE
-based
Criteria



Chlorpyrifos USGS NAWQA
Human



20 Chronic AQUIRE data:
0.003



0.0035 0.003



Chlorthal-dimethyl Chronic AQUIRE data:
250



250



Cyanazine USGS NAWQA
Human



1 Chronic AQUIRE data:
0.1.5



0.5 0.1



DCPA acid
metabolites
DDE US EPA FW Criteria for



Human Consumption
of Fish+Water



0.00059 Chronic AQUIRE data:
0.0018



0.0018



DDT US EPA FW Criteria for
Human Consumption
of Fish+Water



0.00059 Canada Water Criteria
(FW Aquatic Life)



0.001 0.0055



Deethyl-atrazine



Demeton US EPA FW Aquatic Life
Criteria for Continuous
Exposure



0.1 120.6



Diazinon USGS NAWQA
Human



0.6 Chronic AQUIRE data:
0.0018; CDFG Aquatic
Life Criteria: 0.04



0.04 0.0018



Diazoxon USGS NAWQA
Human



0.6 Chronic AQUIRE data:
8.9; CDFG Aquatic Life
Criteria: 0.04



0.04 8.9



Dicamba Canada Drinking Water
Standard



120 Canada Water Criteria
(Irrigation Water)



0.006 41333.33
33



Dichlorprop Chronic AQUIRE data:
10000



10000



Dieldrin US EPA FW Criteria for
Human Consumption
of Fish+Water



0.00014 Chronic AQUIRE data:
0.01; US EPA FW Aquatic
Life Criteria for
Continuous Exposure:
0.056



0.056 0.01



Dimethoate Canada Drinking Water
Standard



20 Chronic AQUIRE data: 1;
Canada Water Criteria
(Livestock): 3



3 1



Disulfoton USGS NAWQA
Human



0.3 Chronic AQUIRE data: 5 5



Diuron USGS NAWQA
Human



10 Chronic AQUIRE data:
7.0263



7.0263



Endosulfan 110 Chronic AQUIRE data:
0.0003 Canada Water
Criteria (FW Aquatic
Life): 0.02



0.02 0.0003



Endosulfan II (beta) US EPA FW Criteria for
Human Consumption
of Fish+Water



110 Canada FW Aquatic Life
Criteria



0.02 0.1



Endosulfan sulfate US EPA FW Criteria for
Human Consumption
of Fish+Water



110 Canada FW Aquatic Life
Criteria



0.02 212
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Chemical Name Reference for Lowest
Human Criteria



Human
Criteria



Reference for Lowest
Aquatic Life Criteria



Aquatic
Life



Criteria



AQUIRE
-based
Criteria



EPTC Chronic AQUIRE data:
630



630



Ethalfluralin



Ethion Chronic AQUIRE data:
2.5187



2.5187



Ethoprop Acute AQUIRE data: 3020 3020



Fluometuron USGS NAWQA
Human



90 Chronic AQUIRE data:
540



540



Fonofos USGS NAWQA
Human



10 Chronic AQUIRE data:
0.08



0.08



Hexazinone Chronic AQUIRE data:
3.6



3.6



Isofenphos Acute AQUIRE data:
10000



10000



Linuron Canada Water Criteria
(Irrigation Water)



0.071 2.5



Malaoxon 190



Malathion Canada Drinking Water
Standard



190 Chronic AQUIRE data:
0.001; U.S. EPA FW
Aquatic Life Criteria for
Continuous Exposure: 0.1



0.1 0.001



MCPA,
dimethylamine salt



10 Canada Aquatic Life
Criteria



0.025 6



MCPB, sodium salt Acute AQUIRE data:
25650



25650



Methidathion Chronic AQUIRE data:
0.3



0.3



Methiocarb Chronic AQUIRE data:
1.6



1.6



Methiocarb sulfone



Methomyl USGS NAWQA
Human



200 Chronic AQUIRE data:
33.56



33.56



Methyl isothiocyanate Acute AQUIRE data: 180 180



Methyl parathion USGS NAWQA
Human



2 Chronic AQUIRE data:
0.0003



0.0003



Metolachlor Canada Drinking Water
Standard



50 Canada FW Aquatic Life
Criteria



7.8 23.55



Metribuzin Canada Drinking Water
Standard



80 Canada Water Criteria
(Irrigation Water)



0.5 22



Molinate CA MCL:  20, PHG:
none



20 Chronic AQUIRE data: 3
Criteria: 10



10 3



Napropamide



Naptalam, sodium
salt



Chronic AQUIRE data:
5000



5000



Norflurazon Chronic AQUIRE data: 50 50



Oryzalin Acute AQUIRE data: 190 190



Oxamyl CA MCL:  200, PHG: 50 50 Acute AQUIRE data: 220 220
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Chemical Name Reference for Lowest
Human Criteria



Human
Criteria



Reference for Lowest
Aquatic Life Criteria



Aquatic
Life



Criteria



AQUIRE
-based
Criteria



Parathion Canada Drinking Water
Standard



50 Chronic AQUIRE data:
0.0006; U.S. EPA FW
Criteria for Continuous
Exposure: 0.013



0.013 0.0006



Pebulate Chronic AQUIRE data:
1000



1000



Pendimethalin Acute AQUIRE data: 50 50



Phorate Canada Drinking Water
Standard



2 Chronic AQUIRE data:
2.55



2.55



Phosmet Chronic AQUIRE data:
1.1667



1.1667



Prometon USGS NAWQA
Human



100 Chronic AQUIRE data:
1000



1000



Prometryn Chronic AQUIRE data:
0.75



0.75



Propanil Chronic AQUIRE data:
0.5



0.5



Propargite Acute AQUIRE data: 220 220



Propham USGS NAWQA
Human



100 Chronic AQUIRE data:
4600



4600



Propyzamide USGS NAWQA
Human



50 Acute AQUIRE data:
40000



40000



S,S,S-tributyl
phosphorotrithioate



Chronic AQUIRE data:
0.34



0.34



Simazine CA MCL:  4, DRAFT
PHG: 0.4



0.4 Canada Water Criteria
(Irrigation Water)



0.5 0.614



Sulprofos Chronic AQUIRE data:
5.8



5.8



Tebuthiuron USGS NAWQA
Human



500 Canada Water Criteria
(Irrigation Water)



0.27 90



Terbacil USGS NAWQA
Human



90



Terbufos USGS NAWQA
Human



0.9 Chronic AQUIRE data:
2.37



2.37



Thiobencarb CA MCL:  70, PHG: 70 70 Chronic AQUIRE data:
6.2



6.2



Triallate Canada FW Aquatic Life
Criteria



0.24 8.7



Triclopyr,
triethylamine salt



Chronic AQUIRE data:
290



290



Trifluralin USGS NAWQA
Human



5 Canada Water Criteria
(FW Aquatic Life)



0.2 1.0034
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Appendix C:  Pesticide Detections Do Not Tell the Whole Story31



While a great deal of data have been collected on pesticides in water, sediments and
tissues, the process of implementing a pesticide monitoring program is prone to errors
that result in consistent underreporting of the true concentrations of pesticide residues
and pesticide inert ingredients in the environment. A number of factors contribute to
these errors.



n Recovery of pesticide residues from soil, water, or tissues is rarely close to 100%
effective. Pesticides are usually analyzed by extracting them from a water, soil, or
tissue sample. Common analytical methods typically extract only 30-90% of the
residues present.



n Some pesticide active ingredients are difficult or impossible to measure accurately.



n “Inert ingredients” are typically not reported or measured. Pesticide active
ingredients are usually combined with “inert” ingredients, chemicals that make
application and mixing with other pesticides easier or make the active ingredients
more effective. These “inert” ingredients are sometimes more toxic than the active
ingredients and frequently constitute a major portion of the formulated product, yet
are rarely included in pesticide use reports or monitored in environmental samples.32



n Pesticide breakdown products are typically not reported or measured. Most
monitoring programs only look for the pesticide itself, and not its breakdown
products, some of which are more toxic than the pesticide itself. Similarly, toxicity
studies are only beginning to examine the effects of these breakdown products on
birds, fish, plants and humans.



n Sample sites and times may not be reflective of use patterns.  The concentration of a
pesticide in water or sediment can vary dramatically depending on the location and
the timing of sampling. The best studies are those that sample frequently (to detect
variations due to weather, use patterns and irrigation flows) and in locations that are
likely to be representative of both the highest and lowest concentrations.



n Improved technologies for detecting pesticides in environmental samples make
comparison with older data difficult. With the introduction of new technologies, it is
possible to detect lower and lower concentrations of pesticides every year. Pesticides
listed as “nondetects” in 1981 might easily be detected in 2000. This makes it difficult
to compare concentrations of pesticides in samples from different time periods and
establish trends in pesticide occurrence in environmental samples.



n Monitoring programs can only detect and quantify the pesticides analysts choose to
look for. We have no idea how many of the chemicals not tested for are present in
the water and sediments in our rivers and streams. According to Central Valley



                                                          
31 This section is excerpted with permission from S. Kegley, L. Neumeister, and T. Martin,
Disrupting the Balance: Ecological Impacts of Pesticides in California, Pesticide Action Network (San
Francisco, CA) and Californians for Pesticide Reform (San Francisco, CA 1999), and B. Heavner,
Toxics on Tap: Pesticides in California Drinking Water Sources, CALPIRG Charitable Trust (San
Francisco, CA) and Californians for Pesticide Reform (San Francisco, CA 1999).
32 S. Marquardt, C. Cox and H. Knight, Toxic Secrets: “Inert” Ingredients in Pesticides 1987-1997,
Northwest Coalition for Alternatives to Pesticides (Eugene, OR) and Californians for Pesticide
Reform (San Francisco, CA), 1998.
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Appendix C, continued



Water Quality Control Board Environmental Scientist Chris Foe, “Absence of data is
usually taken to mean that there isn’t a problem when it actually means we don’t
know.”33



n The California Department of Pesticide Regulation (DPR) ignores valuable
information by discarding all positive detections below method detection limits
(MDLs), the levels above which laboratory equipment can be trusted to be 100%
accurate.  There is clearly a need for these levels, as it is vital to understand the
reliability of data used for making policy decisions.  However, the main uncertainty
in detections below MDLs is not the identification of a contaminant, but its exact
concentration.  While some detections below MDLs are indeed false positives, the
error of counting those records as detections would be small in comparison with the
error of reporting actual detections at low concentrations as non-detections.  In
contrast to DPR, the U.S. Geological Survey (USGS) includes all positive detections
below MDLs, but designates concentrations as estimated values.  USGS considers it
necessary to use all available information for warning and trend detection, enabling
protection before the water body becomes significantly contaminated.



                                                          
33 J. Mayer, “Scientists say pesticides may endanger river life,” The Sacramento Bee, June 28, 1993.
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Appendix D: Testing Locations in Major Rivers



American River
County Name Location



Code
Description



Sacramento 3408 Chicken/Strong Ranch Slough, stormwater channel, City of
Sacramento, drains to American River



Sacramento 3409 American River at Watt Avenue Bridge



Sacramento 3410 American River at Discovery Park



Sacramento 3411 Sump 111 stormwater pumping facility, City of Sacramento, drains
to American River



Sacramento 3416 American River at Lake Natomas



Sacramento 3417 American River at Nimbus Fish Hatchery



Sacramento 3419 American River at Folsom Dam outlet



Sacramento River
County Name Location



Code
Description



Butte 402 Sacramento River at Hamilton at Hwy 32 Bridge



Colusa 604 Sacramento River at Colusa, 60 ft. downstream from hwy bridge



Glenn 1101 Sacramento River at Butte City at Hwy 162 bridge



Glenn 1102 Sacramento River at Ord Bend Rd Bridge



Sacramento 3404 Sump 34 urban stormwater pumping facility, discharges to
Sacramento River upstream of Freeport



Sacramento 3405 Sacramento River at Freeport where stormwater pumping facility
Sump 3 discharges



Sacramento 3406 Sacramento River at Miller Park



Sacramento 3407 Sump 104 stormwater pumping facility, Pocket Area, City of
Sacramento, drains to Sacramento River



Sacramento 3412 Sacramento River at Village Marina/Crawdads Cantina



Sacramento 3413 Sacramento River at I Street Bridge



Sacramento 3414 Sacramento River at Tower Bridge



Sacramento 3418 Sacramento River at Alamar Marina Dock, 9 mi below confluence
of Feather River



Sutter 5101 Sacramento River at Knights Landing Br. on Hwy. 113



Sutter 5105 Sacramento River 2.5 mi downstream of confluence of Sacramento
and Feather rivers



Sutter 5108 Sacramento River approx. 2.8 km downstream frm Wilkens Slough



Tehama 5201 Sacramento River at Vina at Woodson Bridge



Tehama 5203 Sacramento River at Red Bluff above Bend Bridge



Tehama 5204 Sacramento River at Bend Ferry Rd Bridge



Yolo 5701 Sacramento River at Bryte



Yolo 5703 Sacramento River approximately 0.4 km upstream from confluence
of Colusa Basin Drain
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Appendix D, continued



San Joaquin River and Tributaries
County Name Location



Code
Description



Merced 2409 San Joaquin River at Fremont Ford



Merced 2411 San Joaquin River near Stevinson



San Joaquin 3907 San Joaquin River at Bowman Rd



San Joaquin 3917 San Joaquin River near Vernalis



Stanislaus 5002 San Joaquin River at Maze Blvd.



Stanislaus 5015 San Joaquin River at Laird Park



Stanislaus 5023 San Joaquin River at West Main



Stanislaus 5029 San Joaquin River at Hills Ferry



Merced 2402 Turlock Irrig. Drain #6, 200 yds W of Central Ave (trib to SJR)



Merced 2403 Stevinson Spillway (trib. to SJR)



Merced 2404 Highline Spillway (trib. to SJR)



Merced 2405 Livingston Spillway (trib. to SJR)



Merced 2408 Newman Wasteway (trib. to SJR)



Merced 2410 Los Banos Creek (trib. to SJR)



Merced 2412 Mud Slough (trib. to SJR)



Merced 2413 Salt Slough (trib. to SJR) at Highway 165



Stanislaus 5014 Ingram/Hospital Creek (trib. to SJR)



Stanislaus 5018 Del Puerto Creek (trib. to SJR)



Stanislaus 5025 Spanish Grant Drain (trib. to SJR)



Stanislaus 5028 Orestimba Creek at River Road (trib. to SJR)



Tuolumne River
County Name Location



Code
Description



Stanislaus 5007 Tuolumne River at Modesto



Stanislaus 5013 Tuolumne River at Roberts Ferry Bridge



Stanislaus 5016 Tuolumne River at Shiloh



Stanislaus 5017 Tuolumne River at Carpenter Rd Bridge



Stanislaus 5020 Tuolumne River at Mitchell Rd Bridge



Merced River
County Name Location



Code
Description



Merced 2401 Merced River at Oakdale Road



Merced 2406 Merced River at Hatfield State Park



Merced 2407 Merced River at River Road Bridge near Newman
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Appendix D, continued



Alamo River
County Name Location



Code
Description



Imperial 1301 Alamo River at Outlet



Imperial 1302 Alamo River at Albright Road (Nectarine Drain Area)



Imperial 1303 Alamo River at Shank Road (Magnolia Drain Area)



Imperial 1304 Alamo River downstream of Rose Drain



Imperial 1305 Alamo River downstream of Holtville Main Drain



Imperial 1306 Alamo River at Harris Street Bridge



Imperial 1307 Alamo River at Worthington Road



Imperial 1308 Alamo River at Holtville WTP



Imperial 1309 Alamo River at Holtville



Imperial 1320 Alamo River downstream of Verde Drain



Imperial 1321 Alamo River at All American Canal



Appendix E: Twelve Pesticides Most Frequently Tested For



Rank by # of
Tests



Pesticide Number of Tests Number of
Positive Tests



Percent Positive
Tests



1 Diazinon 4912 2353 48%
2 Chlorpyrifos 4364 1189 27%
3 Malathion 3404 123 4%
4 Carbofuran 3269 309 9%
5 Methidathion 3146 212 7%
6 Carbaryl 2690 140 5%
7 Fonofos 2548 72 3%
8 Methyl parathion 2142 17 1%
9 Simazine 2110 927 44%
10 Atrazine 1934 84 4%
11 Molinate 1883 427 23%
12 Thiobencarb 1849 211 11%
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Appendix F:  California Drinking Water Standards and Goals



Pesticide MCL (ppb) PHG (ppb) Detected?
1,2-Dichloropropane 5 0.5
1,3-Dichloropropene 0.5 0.2
2,4,5-TP (Silvex) 50 -
2,4-D 70 70 Yes
Alachlor 2 4 Yes
Atrazine 3 0.15 Yes
Bentazon 18 200 Yes
Carbofuran 18 1.7 Yes
Chlordane 0.1 0.03
Dalapon 200 790
DBCP 0.2 0.0017
Dinoseb 7 14
Diquat dibromide 20 15
Endothall 100 580
Endrin 2 1.8
EDB 0.05 -
Glyphosate 700 1000
Heptachlor 0.01 0.008
Heptachlor epoxide 0.01 0.006
Lindane 0.2 0.032
Methoxychlor 40 30
Molinate 20 - Yes
Oxamyl 200 50 Yes
Picloram 500 500
Simazine 4 draft 0.4 Yes
Thiobencarb 70 70 Yes
Toxaphene 3 -



Appendix G:  Testing Sites Per County



County Number of Sites County Number of Sites
Stanislaus 29 Monterey 3
San Joaquin 22 Tehama 3
Sacramento 17 Yolo 3
Sutter 15 Butte 2
Merced 13 Glenn 2
Imperial 11 Solano 2
Yuba 5 Sonoma 2
Colusa 3 Contra Costa 1











33



Appendix H:  Map of Testing Sites












