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Bay Area urban creeks receive sufficient diazinon loads to result in diazinon concentrations that exceed water quality standards.  As shown in Figure 4.1, the effects of diazinon sources on urban creeks can be measured in terms of diazinon concentrations and toxicity.  Measures of toxicity incorporate the combined effects of chemical mixtures (e.g., mixtures of pesticides with similar toxic effects) and other environmental stressors.  To protect aquatic life in Bay Area urban creeks, diazinon concentrations and aquatic toxicity must be controlled.  

[image: image1.wmf]0

20

40

60

80

100

Concentration of Sample in Test Solution

Increasing Concentration       

Percent 

of Test 

Organisms

Exhibiting 

Effect

No Observed Adverse Effect 

Concentration (NOAEC)

Statistically Determined 

Threshold of Significance


FIGURE 4.1

Target Indicators to Control 
Diazinon Impairment of Aquatic Life Beneficial Uses

The Total Maximum Daily Load (TMDL) process calls for the development of numeric targets that, if achieved, ensure attainment of water quality standards (i.e, attainment of water quality objectives necessary to protect beneficial uses and prevent degradation of existing water quality) (U.S. EPA 2000d).  The Water Quality Control Plan, San Francisco Bay Basin (Region 2) (Basin Plan) does not provide a numeric water quality objective for diazinon, but it contains a narrative water quality objective for toxicity (San Francisco Bay RWQCB 1995):

All waters shall be maintained free of toxic substances in concentrations that are lethal to or that produce other detrimental responses in aquatic organisms….

Numeric targets are needed to translate this narrative objective quantitatively.  Numeric targets can be expressed in terms of mass, toxicity, or any other appropriate measure.  They do not necessarily have to be adopted as new numeric water quality objectives, although they can become water quality objectives by amending the Basin Plan.  Numeric targets appropriate for diazinon concentrations and pesticide-related toxicity in urban creeks are identified below and compared to existing conditions.  

CONCENTRATION TARGETS

Several methods have been considered for the development of diazinon concentration targets (Central Valley RWQCB 2001a; Central Valley RWQCB 2001b).  Table 4.1 reviews the primary options and lists some of their advantages and disadvantages.  A review of these alternatives suggests that the best approach is to develop concentration targets using U.S. Environmental Protection Agency (U.S. EPA) guidelines for deriving water quality criteria (U.S. EPA 1985).  This approach protects known sensitive organisms and accounts for the effects of acute (short-term) and chronic (long-term) exposure.  

Application of U.S. EPA’s published guidelines for the development of water quality criteria results in two concentration-based criteria to protect aquatic life (U.S. EPA 1985).  One criterion relates to the effects of acute exposure, and one relates to the effects of chronic exposure.  The acute criterion is a one-hour average not to be exceeded more than once every three years.  The chronic criterion is a four-day average not to be exceeded more than once every three years.  These water quality criteria are intended to protect most aquatic organisms most of the time.  

U.S. EPA’s guidance specifies minimum data quality requirements for the toxicity studies used to derive the criteria (U.S. EPA 1985).  The process requires data from at least eight different families of organisms, including specific fish species, other vertebrates, and invertebrates.  The acute criterion is derived LC50 data (chemical concentrations lethal to 50% of test organism exposed for a given duration) collected for several species within different genera (taxonomic classification comprised of similar species).  A theoretical concentration is calculated that is lower than the average LC50 for the genus whose average LC50 is lower than 95% of the average LC50 values for the tested genera.  Because a substantial number of organisms exposed to this concentration could experience up to 50% mortality, this concentration is divided by two to estimate a concentration likely to have little or no effect.  The result is the acute criterion.  The chronic criterion is derived from similar data using acute-chronic ratios (ratios observed between concentrations known to cause acute effects, such as mortality, and concentrations known to result in chronic effects, such as impaired growth or reproduction).  

U.S. EPA and the California Department of Fish and Game have independently developed water quality criteria using the U.S. EPA method.  Each has made distinct assumptions that have resulted in somewhat different criteria.  U.S. EPA concluded that the acute and chronic criteria should both be 100 nanograms per liter (ng/l, parts per trillion) (U.S. EPA 2000e).  The California Department of Fish and Game concluded that the acute criterion should be 80 ng/l and the chronic criterion should be 50 ng/l (CDFG 2000).  The California Department of Fish and Game criteria are lower than U.S. EPA’s criteria because U.S. EPA considered an additional acute toxicity study and did not rely on a particular chronic toxicity study (CDFG 2001).  Although both sets of criteria are reasonable, the California Department of Fish and Game’s criteria are 

TABLE 4.1

Methods for Deriving Numeric Concentration Targets for Diazinon

	Method
	Approach
	Possible Target (ng/l)
	Advantages and Disadvantages

	Water Quality Criteria
	Derive concentration intended to protect essentially all organisms by using toxicity data for sensitive species
	50 - 100
	· Relies on U.S. EPA method

· Considers only data that meet minimum acceptability requirements

· Ensures that almost all organisms experience almost no mortality (a reasonable facsimile of the Basin Plan toxicity objective)

· Protects known sensitive organisms

· Accounts for effects of acute and chronic exposure

	Single-Species Toxicity Tests
	Determine concentration that avoids toxicity to one sensitive indicator organism (e.g., Ceriodaphnia dubia)
	100 - 500
	· Directly relates to standard toxicity test upon which impairment is based

· May not protect all organisms

· May not adequately address effects of chronic exposure

	Probabilistic Ecological Risk Assessment
	Derive concentration protective of most species most of the time using toxicity data for a number of species and surface water quality monitoring data
	200 – 4,000
	· Requires an extensive database

· Depends on the quality of available data (e.g., time and location of data collection and number of samples)

· Does not typically account for effects of chronic exposure

· Assumes some organisms may experience up to 50% mortality without damaging an ecosystem (inconsistent with the Basin Plan toxicity objective)

	Microcosm and Mesocosm Studies
	Study toxicological effects under quasi-natural conditions by using small and medium-scale experimental ecosystems
	2,000 – 9,000
	· Accounts for indirect ecological effects (e.g., effect on growth due to reduced food supply)

· May inadequately mimic environmental conditions

· May not protect all organisms, including those studied (available studies provide “lowest observed adverse effects concentration” but not “no observed adverse effects level”—see Figure 4.2)


ng/l, nanograms per liter

Source:  Central Valley RWQCB 2001a; Central Valley RWQCB 2001b.

proposed as numeric targets for diazinon concentrations in urban creeks because they are lower and, therefore, more protective.

Substantial reductions in diazinon concentrations are needed to achieve the proposed targets in Bay Area urban creeks.  Diazinon is often detected in Bay Area urban creeks at concentrations that exceed the targets of 50 ng/l and 80 ng/l.  For example, following 1994 and 1995 winter storms, diazinon concentrations in creeks throughout the Bay Area ranged from 38 to 590 ng/l (SWRCB et al. 1997).  Mean diazinon concentrations in Castro Valley Creek during the 1995-1996 rainy season ranged from 180 to 820 ng/l following storms.  In some cases, values over 150 ng/l persisted for up to one week (ACCWP and Alameda County 1997).  During the 1995 and 1996 dry seasons, diazinon was detected in Castro Valley Creek at concentrations of up to 340 ng/l.  In Crandall Creek, concentrations reached 442 ng/l.  At three inlets to Tule Pond in Fremont, concentrations peaked at 3,000 ng/l (SWRCB et al. 1997).  

TOXICITY TARGETS

The diazinon concentration targets are intended to protect beneficial uses from diazinon in surface water.  However, they do not explicitly address potential interactions between diazinon and other chemicals or environmental stressors that may contribute to aquatic toxicity.  For example, the diazinon concentration targets do not account for potential additive or synergistic (more than additive) effects of multiple pesticides or other chemicals in surface water.  Diazinon is one of several pesticides used in the Bay Area that share a similar mechanism of toxicity (disruption of normal nerve function).  The combined effects of diazinon and chlorpyrifos (both of which are organophosphorus pesticides) on Ceriodaphnia dubia are additive (Bailey et al. 1997).  These pesticides coexist in Bay Area surface water.  Synergistic effects have also been demonstrated in specific pesticide combinations (Pape-Lindstrom and Lydy 1997; Denton 2001).

The toxicity objective contained in the Basin Plan is intended to address mixtures of pollutants (San Francisco Bay RWQCB 1995):
The narrative water quality objective for toxicity…protects beneficial uses against mixtures of pollutants typically found in aquatic systems.  This approach is used because numerical objectives for individual pollutants do not take mixtures into account and because numerical objectives exist for only a small fraction of potential pollutants of concern.  

As discussed further in Section 8, Implementation Strategy, recent U.S. EPA action may increase the potential for mixtures of pollutants to contribute to aquatic toxicity in urban creeks.  U.S. EPA is phasing out most urban uses of diazinon by the end of 2004 (U.S. EPA 2000c).  This action will likely decrease diazinon concentrations in urban creeks.  As a result of removing this popular pesticide from the urban marketplace, however, other new and existing pesticides will likely replace diazinon.  These pesticides may not currently contribute significantly to aquatic toxicity in urban creeks, but as their use increases, their concentrations in surface water—and their toxic effects—will likely increase as well.  

The TMDL process requires the development of numeric targets for use in translating narrative water quality objectives.  Because the proposed diazinon concentration targets do not address the market shift to pesticides other than diazinon, and because they do not account for pollutant mixtures in urban creeks, they may be insufficient to protect the beneficial uses of Bay Area urban creeks from pesticide-related aquatic toxicity.  A toxicity target would more closely relate to the Basin Plan’s narrative objective for toxicity and could complement the diazinon concentration targets.  The selection of multiple targets is consistent with National Research Council recommendations that biological criteria be used in conjunction with chemical and physical criteria to measure whether beneficial uses are achieved (NRC 2001).  A toxicity target could also ensure that the environmental benefits of U.S. EPA’s actions to phase out diazinon in urban areas are not offset by new sources of toxicity.  

Toxicity Target Development

Although there are several ways to measure the health of an aquatic ecosystem (e.g., studying indicator organisms, species diversity, population density, or growth anomalies, or conducting standard toxicity tests), the Basin Plan specifically refers to toxicity test methods developed as part of the Effluent Toxicity Characterization Program (San Francisco Bay RWQCB 1991).  U.S. EPA has promulgated similar Whole Effluent Toxicity test methods (U.S. EPA 1993; U.S. EPA 1994).  The Basin Plan discusses these test methods in the context of point sources, such as wastewater treatment plants.  This test method discussion constitutes the most direct guidance the Basin Plan offers regarding the measurement of toxicity and the interpretation of the narrative toxicity objective.  The Basin Plan does not discuss in detail other options for evaluating toxicity.

The standard toxicity tests for freshwater discharges involve three species—the zooplankton Ceriodaphnia dubia (a “water flea”), the phytoplankton Selenastrum capricornutum (a green algae), and the fish Pimephales promelas (the fathead minnow).  These test organisms are exposed to water samples and their responses are compared to those of control organisms exposed to control water.  A sample is considered toxic if it results in an adverse response that differs significantly from the response of control organisms.  Depending on the organism used, the tests evaluate survival, growth, reproduction, or cell division, as shown in Table 4.2.  These biological effects include a selection of both lethal and sublethal effects.  Although the range of biological effects evaluated by these tests is limited, the tests reliably predict ecological responses (U.S. EPA 1991; U.S. EPA 1999).  

Rather than explicitly defining numeric objectives for toxicity, the Basin Plan allows for evaluations to be made on a case-by-case basis (San Francisco Bay RWQCB 1995).  U.S. EPA Region 9 has published guidance for incorporating Whole Effluent Toxicity tests into NPDES permits (U.S. EPA 1996).  This guidance relies on the concept of “toxic units” to derive permit limits.  A toxic unit is a measure of toxicity that behaves like a 

TABLE 4.2

Toxicity Test Protocols

	
Species
	Common 
Name
	Acute Exposure Duration
	Chronic Exposure Duration
	Life 
Function 
Evaluated

	Pimephales promelas
	fathead minnow
	1, 2, or 4 days
	7 days
	survival
growth

	Ceriodaphnia 
dubia
	water flea
	1, 2, or 4 days
	7-8 days
	survival
reproduction

	Selenastrum capricornutum
	green algae
	
	4 days
	cell division


Source:  San Francisco Bay RWQCB 1991; U.S. EPA 1993.

concentration in that it varies proportionally with the toxicity of a sample.  This report uses an approach similar to U.S. EPA’s guidance, but it modifies U.S. EPA’s approach to accommodate some practical considerations and to retain consistency with the Basin Plan.

For purposes of this report, toxic units are defined for acute toxicity tests in terms of the “no observed adverse effect concentration” (NOAEC).  The NOAEC is the highest tested concentration of sample water that causes no observable adverse effect to exposed organisms, as illustrated in Figure 4.2.  “No observable adverse effect” can be interpreted to mean no effect that is both statistically significant and more than 20% greater than observed in control samples (Pesticide Workgroup, undated).  The NOAEC is expressed as the percentage of sample water in the test solution.  For example, an undiluted sample has a concentration of 100%.  If no adverse effect were observed during a test on an undiluted sample, then the NOAEC would be 100%.  If a more toxic sample were to exhibit significant toxic effects at a concentration of 100% sample water, but not at 50% sample water, then the NOAEC would be 50%.  The NOAEC can also be estimated as the sample water concentration that causes a 25% reduction in a biological effect (e.g., growth or reproduction).  This inhibition concentration (IC25) is obtained by interpolating from actual sample concentrations used to measure effects (U.S. EPA 1991).  

Acute toxic units (TUa) are defined as follows:  

TUa = 100 / NOAEC

Toxic units for chronic toxicity tests are defined in terms of the “no observed effect concentration” (NOEC), which is analogous to the NOAEC for acute effects.  Chronic toxic units (TUc) are defined as follows:  

TUc = 100 / NOEC
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FIGURE 4.2

Conceptual Illustration of 
“No Observed Adverse Effects Concentration”
The Basin Plan’s narrative toxicity objective does not allow any acute or chronic toxicity in Bay Area creeks (San Francisco Bay RWQCB 1995):

There shall be no acute toxicity in ambient waters….  There shall be no chronic toxicity in ambient waters….  The health and life history characteristics of aquatic organisms in waters affected by controllable water quality factors shall not differ significantly from those for the same waters in areas unaffected by controllable water quality factors.

According to the Basin Plan, no toxic effects should be observable in undiluted creek samples.  This condition corresponds to NOAEC being at least 100% or no more than 1.0 TUa, and NOEC being at least 100% or no more than 1.0 TUc.  Therefore, the proposed numeric toxicity targets are 1.0 TUa and 1.0 TUc.  

Substantial toxicity reductions are needed to meet these proposed targets in Bay Area urban creeks.  Toxicity has frequently been observed in Bay Area urban creek water.  Of 125 samples collected from primarily Alameda County and Santa Clara County urban creeks from 1988 to 1995, 49% were lethal to 50% of Ceriodaphnia dubia test organisms within 96 hours (BASMAA 1996).  In these cases, the creek water exceeded the proposed toxicity target of 1.0 TUa.

Toxicity studies have reported that exposing Ceriodaphnia dubia for seven days to a water sample containing only diazinon resulted in a NOEC of about 220 ng/l.  A four-day exposure resulted in a NOAEC of about 350 ng/l (CDFG 2000).  Diazinon concentrations in Bay Area urban creeks often exceed these levels (SWRCB et al. 1997; ACCWP and Alameda County 1997).  Because urban creeks contain other pesticides and environmental stressors, diazinon concentrations may need to be reduced below these levels to achieve the proposed toxicity targets.

Practical Considerations

The proposed numeric toxicity targets are not intended to be substantially different than the Basin Plan’s narrative toxicity objective.  They simply express the narrative objective numerically as required for TMDLs.  Basing the toxicity targets on standard laboratory toxicity tests is not intended to limit the types of methods that can be used to evaluate toxicity.  

As a practical matter, determining a NOAEC (acute tests) or NOEC (chronic tests) requires conducting toxicity tests at multiple concentrations.  However, testing multiple concentrations may not always be necessary to determine whether a sample exceeds the proposed targets.  An undiluted sample that does not exhibit significant adverse effects when compared to control samples would meet the proposed targets.  Further testing would only be needed if significant toxicity were observed.  Testing at multiple concentrations would allow the magnitude of the observed toxicity to be measured.  Such tests would not be new; identification and characterization of toxicity in urban creeks remain important responsibilities of municipal storm water programs.

As another practical matter, not all toxic water samples necessarily contain pesticides.  The selection of numeric toxicity targets for this TMDL is not intended to address the full range of possible toxic stressors.  If the proposed toxicity targets were substantially and consistently exceeded, additional study (i.e., toxicity identification evaluation) could be warranted to determine the cause of the toxicity.  If the cause were related to pesticides, management efforts associated with this TMDL could apply, but exceptions could also be considered if the substantial toxicity were found to be unrelated to pesticides.  In this case, separate investigations could be warranted, including actions beyond the scope of this TMDL.  

ANTIDEGRADATION

Numeric targets developed for TMDLs must be consistent with antidegradation policies.  Section 131.12 of Title 40 of the Code of Federal Regulations contains the federal antidegradation policy.  State Water Resources Control Board Resolution 68‑16 contains California’s antidegradation policy.  These antidegradation policies are intended to protect beneficial uses and the water quality necessary to sustain them.  When water quality is sufficient to sustain beneficial uses, it cannot be lowered unless doing so is consistent with the maximum benefit to the citizens of California.  Even then, water quality must sustain existing beneficial uses.
The proposed numeric targets are designed to implement the Basin Plan’s narrative water quality objectives for toxicity.  They are essentially translations of the narrative objectives, which have already been established.  To be consistent with the antidegradation policies, these targets, taken together, cannot be less stringent than the narrative objectives.  The combination of the proposed numeric targets is at least as protective as the narrative objectives.  Since at times diazinon concentrations and toxicity already exceed the narrative objectives, meeting the numeric targets would improve current water quality conditions.  Therefore, the proposed targets are consistent with the antidegradation policies and the protection of water quality and beneficial uses.  
KEY POINTS

The numeric targets proposed for diazinon in Bay Area urban creeks are:

The four-day average concentration of diazinon in freshwater shall not exceed 50 ng/l more than once every three years on the average.  

The one‑hour average concentration of diazinon in freshwater shall not exceed 80 ng/l more than once every three years on the average.

The proposed numeric targets for pesticide-related toxicity are:

The number of toxic units in freshwater, as determined through standard laboratory tests, shall not exceed 1.0 TUa or 1.0 TUc more than once every three years on the average.

These targets apply to the water in freshwater creeks in urban areas throughout the Bay Area.  Together, the proposed numeric targets complement each other to protect water quality.  The diazinon concentration targets ensure that the current primary contributor to pesticide-related aquatic toxicity in Bay Area urban creeks will not be discharged at levels high enough to cause toxicity.  The toxicity targets address potential interactions among multiple chemicals and environmental stressors, and ensure that the foreseeable phase-out of diazinon and resulting shift in pesticide use patterns will not replace one cause of toxicity with another.  The targets are also consistent with state and federal antidegradation policies.
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