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Disclaimer 

This guidance is designed to describe procedures for testing freshwater 
organisms inthe laboratory to evaluate the potential toxicity or bioaccumulation 
of chemicals in whole sediments. This guidance document has no immediate 
or direct regulatory consequence. It does not in itself establish or affect legal 
rights or obligations, or represent a determination of any party's liability. The 
USEPA may change this guidance in the future. 

Tnis guidance document has been reviewed in accordance with USEPA Policy 
and a ~ ~ r o v e d  for Dublication. Mention of trade names or commercial ~rooucts 
does not constituie endorsementor recommendation for use. 



Foreword 

Sediment contamination is a widespread environmental problem that can 
potentially pose a threat to a variety ofaquatic ecosystems. sediment functions 
as a reservoir for common chemicals such as ~esticides. herbicides. oolvchlo- ~-~ ~~ 

rinated biphenyls (PCBS), polycyclic aromiic hydrocarbons (PAHS~, and 
metals such as lead, mercury, and arsenic. In-place contaminated sediment 
can result in depauperate benthic communities, while disposal of contaminated 
dredged material can potentially exert adverse effects on both pelagic and 
benthic systems. Historically, assessment of sediment quality has been limited 
to chemical characterizations. The United States Environmental Protection 
Agency (USEPA) is developing methodologies to calculate chemical-specific 
sediment quality guidelines (referred to as equilibrium partitioning sediment 
auidelines or ESGs) for use in the A~ency's regulatory programs. However, 
quantifying contaminant concentrat'ocs alone cannot a ~ w a y i  provide enough 
information to adeauatelv eval~ate Dotential adverse effects that arise from 
interactions among chemicals, or that result from time-dependent availability of 
sed:ment-associated contaminants to aquatic organisms. Because relation- 
shios between bioavailabilitv and concentrations of chemicals in sediment are 
noifully understood, determfnation of contaminated sediment effects on aquatic 
organisms may require the use of controlled toxicity and bioaccumulation tests. 

As part of USEPA's Contaminated Sediment Management Strategy, Agency 
programs have agreed to use consistent methods to determine whether 
sediments have the potential to affect aquatic ecosystems. More than ten 
federal statutes provide authority to many USEPA program offices to address 
the problem of contaminated sediment. The sediment test methods in this 
manual will be used by USEPA to make decisions under a range of statutory 
authorities concerning such issues as: dredged material disposal, registration 
of pesticides, assessment of new and existing industrial chemicals, Superfund 
site assessment, and assessment and cleanGp of hazardous waste treatment, 
storage, and disposal facilities. The use of uniform sediment testing proce- 
dures by USEPA programs is expected to increase data accuracy and preci- 
sion, facilitate test replication, increase the comparative value of test results, 
and ultimately increase the efficiency of regulatory processes requiring sedi- 
ment tests. 

This second edition of the manual is a revision to USEPA (1994a; EPA 600lR- 
941024). Primary revisions to the first edition of the manual include: 

Section 14: This new section describes methods for evaluating sublethal 
effects of sed:ment-associated contaminants with tne amphipod ~yaiel la azteca. 
See also associated revisions to Sections 1.3. 2.4.3.7.1.3, and 10.3. Section 
11 also outlines methods for measuring &o&h and survival as primary 
endpoints in 10-d tests with Hyalella azteca. 

Section 15: This new section describes methods for evaluating sublethal 
effects of sediment-associated contaminants with the midge Chironomus 
tentans. See also associated revisions to Sections 1.3, 2, 4.3, 7.1.3, 10.4, and 
Appendix C. 

Section 2.1.2.1.1: Additional detail has been included on test acceptability 
(i.e., control vs. reference sediment). 



Foreword (continued) 

Section 6.2.2: The range of acceptable light intensity for culture and testing 
has been revised from 500 lux to 1000 lux to 100 to 1000 lux. 

Sections 7.2,8.2,8.3.2, 8.4.4.7: Additional detail has been added to sections 
on formulated sediments, sediment storage, sediment spiking, and interstitial 
water sampling. 

Sections 9.14,10.3, and 17.4: The requirement to conduct monthly reference- 
toxictv tests has been modifted to recommend the conduct of reference- 
toxiciti tests periodically to assess the sensitivity of the test organisms. 

Sections 9.14.2 and 17.4.3: These revised sections now state that before 
conducting tests with contaminated sediment, it is strongly recommended that 
the laboratow conduct the tests with control sediment(sl. Results of these 
preliminary siudies should be used to determine if use dfihe control sediment 
and other test conditions (i.e., water quality) result in acceptable performance 
in the tests as outlined in Tables 11.3, 12.3, 13.4, 14.3, and 15.3. 

'Section 10.3.2: Diatoms are no longer used to culture Hyalella azteca 
following procedures of USEPA (1993). 

Section 11: In Sectionll.2.2 (and associated sections and tables): The 
recommended feeding level of 1.5 mL of YCTldaylbeaker in the 10-d Hyalella 
azteca sediment toxicity test in the first edition of the manual has been revised 
to 1.0 ml of YCT/day/beaker. This change was made to make the 10-d test 
described in Section 11 consistent with the feeding level recommended in the 
42-d test with Hvalella azteca described in Section 14. In Section 11.3: 
Additional guidance has been included in the revised manual regarding accli- 
mation of test organisms to temperature (see also Section 12.3, 13.3, 143. and 
15.3). In Section 11.3.6.l.l:Acce~table concentrations of dissolved oxvaen in 
overiying water are now expressed in mglL rather than in a of 
saturation. See also Sections 10. 12, 13. 14, and 15. 

Sections 12.3.8 and 15.3.8: The recommendation is now made to measure 
ash-free dry weight of Chironornus tentans instead of dry weight. See also 
Sections 13.3.8 for Lurnbriculus variegatus and 14.3.7 for Hyalella azteca. 

Section 13.3.7: This section outlines additional guidance on depuration of 
Lumbriculus variegatus in bioaccumulation testing. 

Section 17.6: This revised section now includes summaries of the results of 
round-robin tests using the methods for long-term toxicity tests outlined in 
Sections 14 and 15. 

Appendix A in the first edition of the manual (USEPA, 1994) was not included in 
this edition (summary of a workshop designed to develop consensus for the 
10-d toxicity test and bioaccumulation methods). This information has been 
cited by reference in this current edition of the manual. 

For additional guidance on the technical considerations in the manual, please 
contact Teresa Norberg-King, USEPA, Duiuth, MN (2181529-5163, fax -5003, 
email norberg-king.teresa@epa.gov)or Chris Ingersoll. USGS, Columbia, MO 
(5731876-1819, fax -1896, email chris~ingersoll@usgs.gov). 



Abstract 

Procedures are described for testing freshwater organisms in the laboratory to 
evaluate the potential toxicity or bioaccumulation of chemicals in whole sediments. 
Sediments may be collected from the field or spiked with compounds in the 
laboratory. Toxicity methods are outlined for two organisms, the amphipod Hyalella 
azteca and the midge Chironomus tentans. Toxicity tests with amphipods or midges 
are conducted for 10 d in 300-mL chambers containing 100 mL of sediment and 
175 mL of overlying water. Overlying water is renewed daily and test organisms are 
fed during the toxicity tests. The endpoints in the 10-d toxicity test with H. azteca 
and C. tentans are survival and growth. Procedures are primarily described for 
testing freshwater sediments; however, estuarine sediments (up to 15%0 salinity) can 
also be tested in 10-d sediment toxicity tests with H. azteca. Guidance is also 
provided for conducting long-term sediment toxicity tests with H.azteca and C. tentans. 
The long-term sediment exposures with H. azteca are started with 7- to 8-d-old 
amphipods. On Day 28 of the sediment exposure, amphipods are isolated from the 
sediment and placed in water-only chambers where reproduction is measured on 
Day 35 and 42. Endpoints measured in the amphipod test include survival (Day 28, 
35, and 42), growth (on Day 28 and 42), and reproduction (number of younglfemale 
produced from Day 28 to 42). The long-term sediment exposures with C. tentans 
start with newlv hatched larvae (<24-h old) and continue throuah emergence. 
reproduction, aAd hatching of the F, generatibn (about 60-d sediment exposures). 
Survival and growth are determhed at 20 d. Starting on Day 23 to the end of the test, 
emeraence and reDroduction of C.lentans are monitored oailv. The number of eggs/ 
femaL is determined for each egg mass, which is incubated for 6 d to determine 
hatching success. The procedures described in Sections 14 and 15 include 
measurement of a variety of lethal and sublethal endpoints with Hyalella azteca and 
Chironomus tentans; minor modifications of the basic methods can be used in cases 
where onlv a subset of tnese endD0intS is of interest. Guidance for conductina 28-d 
bioaccum;lation tests with the oligochaete Lumbriculus variegatus is also 
in the manual. Overlying water is renewed daily and test organisms are not fed 
during bioaccumulation tests. Methods are also described for determining 
bioaccumulation kinetics of different classes of compounds during 28-d exposures 
with L. variegatus. 
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Section 1 

Introduction 


1.1 Significance of Use 

1.I.ISediment provides habitat for many aquatic organ- 
isms and is a major repository for many of the more 
Dersistent chemicals that are introduced into surface 
waters. In the aquatic environment, most anthropogenic 
chemicals and waste materials including toxic organic 
and inorganic chemicals eventually accumulate in sedi- 
ment. Mounting evidence exists of environmental degra- 
dation in areas where USEPA Water Quality Criteria 
(WQC; Stephan et al., 1985) are not exceeded, yet organ- 
isms in or near sediments are adversely affected 
(Chapman, 1989). The WQC were developed to protect 
organisms in the water column and were not intended to 
protect organisms in sediment. Concentrations of chemi- 
cals in sediment may be several orders of magnitude 
higher than in the overlying water; however, bulk sediment 
concentrations have not been strongly correlated to bio- 
availability (Burton, 1991). Partitioning or sorption of a 
compound between water and sediment may depend on 
many factors, including aqueous solubility, pH, redox, 
affinity for sediment organic carbon and dissolved organic 
carbon, grain size of the sediment, sediment mineral 
constituents (oxides of iron, manganese, and aluminum), 
and the quantity of acid volatile sulfides in sediment (Di 
Toro et al., 1990, 1991). Although certain chemicals are 
highly sorbed to sediment, these compounds may still be 
available to the biota. ~ontaminatedsedimentsma~be 
directlv toxic to aauatic life or can be a source of contami- 
nants ior bioacc"'mulation in the food chain. 

1.I.2Assessments of sediment auality have commonly 
included sediment chemical analyses and surveys of 
benthic community structure. Determination of sediment 
chemical concentrations on a dry weight basis alone 
offers little insight into predicting adverse biological ef- 
fects because bioavailability may be limited by the intri- 
cate partitioning factors mentioned above. Likewise, 
benthic community surveys may be inadequate because 
they sometimes fail to discriminate between effects of 
contaminants and those that result from unrelated 
non-contaminant factors, including water-quality fluctua- 
tions, physical parameters, and biotic interactions. To 
obtain a direct measure of sediment toxicity or bioaccu- 
mutation, laboratory tests have been developed in which 
surrogate organisms are exposed to sediments under 
controlled conditions. Sediment toxicity tests have evolved 
into effective tools that provide direct, quantifiable evi- 
dence of biological consequences of sediment 

contamination that can only be inferred from chemical or 
benthic community analyses. To evaluate sediment qual- 
ity nationwide, USEPA developed the National Sediment 
Inventory (NSI), which is a compilation of exist ng sedi- 
ment aualibdata and ~rotocols used to evaluate the data. 
The NSI was used t ~ ' ~ r o d u c e  the first biennial report to 
Congress on sediment quality in the United States as 
required under the Water Resources Development Act of 
1992 (USEPA. 1997a; 1997b; 1997~). USEPA's evaiua- 
tion of the data shows that sediment contamination exists 
in every region and state of the country and various 
waters ihroughout the United States contain sediment 
that is sufficiently contaminated with toxic ~ollutants to 
pose potential risks to fish and to humans and wildlife who 
eat fish. The use of consistent sediment testino methods 
described in this manual will provide high q;aiity data 
needed for the NSI, future reports to Congress, and 
regulatory programs to prevent, remediate, and manage 
contaminated sediments (USEPA, 1998). 

1.1.3 The objective of a sediment test is to determine 
whether chemicals in sediment are harmful to or are 
bioaccumulated by benthic organisms. The tests can be 
used to measure interactive toxic effects of complex 
chemical mixtures in sediment. Furthermore, knowledge 
of specific pathways of interactions among sediments 
and test organisms is not necessary to conduct the tests 
(Kemp and-swartz, 1988). sediment tests can be used to 
(1) determine the relationshi~ between toxic effects and 
bibavailability; (2) investigate interactions among chemi- 
cals; (3) compare the seisitiv;ties of different organisms; 
(4)determine spatial and tem~oral distribution of contami- 
nation; (5) evaluate dredged material; (6) measure toxicity 
as part of product licensing or safety testing or chemical 
approval; (7) rank areas for cleanup, and (8) set cleanup 
goals and estimate the effectiveness of remediation or 
management practices. 

1.1.4 Avariety ofstandard methods have been developed 
for assessing the toxicity of contaminants associated with 
sediments using amphipods, midges, polychaetes, oli- 
gochaetes, mayflies, or cladocerans (i.e., ASTM,1999a; 
ASTM,1999b; ASTM, 1999c; ASTM. 1999d; USEPA. 
1994a; USEPA, 1994b; Environment Canada, 1997a; 
Environment Canada, 1997b). Several endpoints are 
suggested in these methods to measure effects of con- 
taminants in sediment including survival, growth, behavior, 
or reproduction; however, survival of test organisms in 



10-d exposures is the endpoint most commonly reported. 
These short-term exposures which only measure effects 
on survival can be used to identify high levels of contami- 
nation, but may notbeabletoidentifymoderatelycontami-
nated sediments (Sibley et al., 1996; Sibley et al.. 1997a; 
Sibley et al., 1998: Benoit et al., 1997; lngersoll et al., 
1998). Sublethal endpoints in sediment tests may also 
prove to be better estimates of responses of benthic 
communities to contaminants in the field (Kemble et al., 
1994) The first edition of this manual (USEPA, 1994a) 
described 10-d toxicity tests with the amphipod Hyalella 
azteca and midge Chironomus tentans (Section 11, 12). 
Thissecond editionofthe manual now outlinesapproaches 
forevaluatino sublethal end~oints in lonaer-term sediment 
exposures wyth these two species (~ec i ion  14,15). Guid- 
ance is also presented in Section 13 regarding sediment 
bioaccumulation testing with the oligochaete Lumbriculus 
variegatus. 

1.1.5 Results of toxicity tests on sediments spiked at 
different concentrations of chemicals can be used to 
establish cause and effect relationships between chemi- 
cals and biological responses. Results of toxicity tests 
with test materials spiked into sediments at different 
concentrations may be reported in terms of an LC50 
(median lethal concentration), an EC50 (median effect 
concentration), an IC50 (inhibition concentration), or as a 
NOEC (no observed effect concentration) or LOEC (low- 
est observed effect concentration). In some cases, re- 
sults of bioaccumulation tests may also be reported in 
terms of a Biota-sediment Accumulation Factor (BSAF) 
(Ankley et al., 1992a; Ankley et al., 1992b). 

1.1.6 Evaluating effect concentrations for chemicals in 
sedment requires knowledge of factors controlling their 
bi~ava'labi~itv.Similar concentrations of a chemical in 
units of mass of chemical per mass of sediment dry 
weight often exhibit a range in toxicity in different sedi- 
ments (Di Toro et al., 1990; Di Toro et al., 1991). Effect 
concentrations of chemicals in sediment have been corre- 
lated to interstitial water concentrations, and effect con- 
centrations in interstitial water are oflen similar to effect 
concentrations in water-only exposures. The bioavaiiabil- 
ity of nonionic organic compounds in sediment is oflen 
inversely correlated with the organic carbon concentra- 
tion. Whatever the route of exposure, these correlations 
of effect concentrations to interstitial water concentra- 
tions indicate that predicted or measured concentrations 
in interstit:al water can be used to quantify the exposure 
concentration to an organism. Therefore, information on 
partitioning of chemicals between solid and liquid phases 
of sediment is useful for establishing effect concentra- " 
tions (Di Toro et al., 1991). 

1.1.7 Field surveys can be designed to provide either a 
qualitative reconnaissance of the distribution of sediment 
contamination or a quantitative statistical comparison of 
contamination among sites. Surveys of sediment toxicity 
or bioaccumulation are usually part of more comprehen- 
sive analyses of biological, chemical, geological, and 

hydrographic data. Statistical correlat~ons may be im- 
moved and sam~lina costs mav be reduced if subsamples 
are taken simuitan~ously foisediment tests, chemical 
analyses, and benthic community structure. 

1.1.8 Table 1.1 lists several approaches the USEPA has 
considered for the assessment of sediment quality 
(USEPA, 1992~). These approaches include ( I )  equilibrium 
partitioning, (2) tissue residues. (3) interstitial water toxicity, 
(4) benthic community structure, (5) whole-sediment toxic- 
ity and sediment-spiking tests, (6) Sediment Quality Triad, 
and (7) sediment quality guidelines (see Chapman, 1989 
and USEPA, 1989a; USEPA, 1990a; USEPA, 1990b; 
USEPA, 1992b for a critique of these methods). The 
sediment assessment approaches listed in Table 1 .Ican 
be classified as numeric (e.g., equilibrium partitioning), 
descriotive le.a.. whole-sediment toxicitv tests). or a~ ~ . " .  
cornbi;lation of numeric and descriptive apl;roach& (e.g., 
Effect Range Median; USEPA, 1992~). Numeric metnods 
can be used to derive chemical-specific equilibrium parti- 
tioning sediment guidelines (ESGs) or other sediment 
quality guidelines (SQGs). Descriptive methods such as 
toxicity tests with field-collected sediment cannot be 
used alone to develop numerical ESGs or other SQGs for 
individual chemicals. Although each approach can be 
used to make site-specific decisions, no one single ap- 
proach can adequately address sediment quality. Overall, 
an integration of several methods using the weight of 
evidence is the most desirable approach for assessing 
the effects of contaminants associated with sediment 
(Long and Morgan, 1990; MacDonald etal., 1996; lngersoli 
et al., 1996; 1997). Hazard evaluations integrating data 
from laboratory exposures, chemical analyses,and benthic 
community assessments provide strong corn~lementary 
evidence of the degree of pollution-induced degradation in 
aouatic communities (Cha~man et al.. 1992: Chaoman et . 
;1:,1997; Burton, 19h).  ' 

1.2.1 The USEPA has authority under a variety of 
statutes to manage contaminated sediments (Table 1.2 
and USEPA, 1990e). USEPA's Contaminated Sediment 
Management Strategy (USEPA, 1998) establishes the 
following four goals for contaminated sediments and de- 
scribes actiondthat the Agency intends to take to accom- 
dish these aoals: (1) to Drevent further contaminat on of ~. . 
sediments &at may cause unacceptable ecological or 
human health risks; (2) when practical, to clean up exist- 
ina sediment contamination that adverselv affects the 
ati ion's waterbodies or their uses, or that causes other 
significant effects on human health or the environment: 
(3) to ensure that sediment dredging and the d.s~osal of 
dredged material continue to be managed in an environ- 
mentally sound manner: and (4) to develop and consis- 
tently apply methodologies for analyzing contaminated 
sediments. The Agency plans to employ its pollution 
prevention and source control programs to address the 
first goal. To accomplish the second goal, USEPA will 
consider a range of risk management alternatives to 
reduce the volume and effects of existing contaminated 
sediments, including in-situ containment and contaminated 



Table 1.1 Sediment Quality Assessment Procedures' 

Type 

Method Numeric Descriotive Combination Approach 

EquilibriumPartitioning ' 

Tissue Residues 

A sedlmenl qualflyvalue for a glven contaminant 1s delerm~nedby 
calc~latmglhe sedlment concantratlon of lhe contammant that 
corresponds to an lnterslillalwater wncenlrallon eqJlvalent to the 
USEPA water.qual ly crilerion for the chem cal 

Safesediment wncentrationsof specific chemicals are established 
by determining the sediment chemical concentrationthat results in 
acceptable tissue residues. 

Interstitial Water Toxicity Toxicity of interstitial water is quantified and identification 
evaluationprocedures are appliedto identifyand quantify chemical 
components responsible for sediment toxicity. 

Benthic Community 
Structure 

Environmental degradation is measured by evaluating alterations 
in benthic wmmunity structure. 

Whole-sediment Toxicity ' Test organisms are exposed to sediments that may contain 
and Sediment Spiking known or unknown quantities of potentially toxic chemicals. At the 

end of a specified time period, the responseof the test organisms 
is examine0 in relalion to a specined endpoint. 0ose.response 
relationships can be estab.ished by exposing test organisms to 
sedimentsthat havebeenspiked with known amoJnts of chemica s 

Sediment Quality Triad ' 

or mixtures of chemicals. 

Sediment chemical wntamination, sediment toxicity, and benthic 
wmmunity structure are measuredon the same sediment sample. 
Correspondence between sediment chemistry, toxicity, and field 
effects is used to determine sediment concentrationsthat 
discriminateconditionsof minimal, uncertain, and major biological 
effects. 

Sediment Quality Guidelines ' The sediment concentration of contaminanants associated with 
toxic responses measured in laboratoly exposures or in field 
assessments (i.0.. Apparent Effect Threshold (AET). Effect Range 
Median (ERM). Probable Effect Level (PEL)). 

' Modified from USEPA ($992~) 

sediment removal. Finally, the Agency is developing 1.2.3 The Office of Water (OW), the Office of Preven-
tools for use in pollution prevention, source control, tion, Pesticides, and Toxic Substances (OPPTS), the 
remediation, and dredged materialmanagement to meet Office of Solid Waste (OSW), and the Office of Emer-
the collective goals. Thesetools includenationalinvento- gency and RemedialResponse(OERR) are allcommitted 
ries of sediment quality and environmental releases of to the ~ r i n c i ~ l eof consistent tiered testing described in 
contaminants,numericalassessmentguidelinesto evalu- the contaminated Sediment ~anagementStrategy 
ate contaminantconcentrations. and standardizedbioas- (USEPA. 19981. Aaencv-wide consistent testina is desir-
says to evaluate the bioaccumulationand toxicity poten-
tial of sediment samples. 

1.2.2 The Clean Water Act (CWA) is the single most 
important law dealing with environmental quality of sur-
face waters in the United States. The obiective of the 
CWA is to restore and maintain the chemkal, physical, 
and biological integrity of the Nation's waters (CWA, 
Section 101). Federal and state monitoring programs 
traditionally have focused on evaluating water wlumn 
DroblemS caused bv Doint source dischargers. Findings 

able because'all ~ S E ~ Aprograms will usestandard 
methodsto evaluatehealth risk and producecomparable 
data. It will also provide the basis for uniform cross-
program decision-makingwithin the USEPA. Each pro-
gramwill, however,retainthe flexibilityof deciding whether 
identifiedrisks would trigger regulatoryactions. 

1.2.4 Tiered testing refers to a structured,hierarchical 
procedurefor determiningdata needs relativeto decision-
making that consists of a series of tiers, or levels, of 
investioative intensitv. Tv~icallv,increasing tiers in a 

/nthe Nat~onal~ e d G e n tQuality Suwey. Volume Iof the tiered Testing framework (nvolve increasedinformation 
first b:enn:al re~or tto Conaresson sedimentaualitv in the and decreased uncertaintv (USEPA. 1998). Each EPA 
U.S., indicate 'that this f k u s  needs to be e'xpanbed to program office intends to 4e;elop guidancefor interpret-
include sediment quality impacts (Section 1.I.2 and ing the tests conducted within the tiered framework and to 
USEPA, 1997a). explain how information within each tier would trigger 
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Table 1.2 Statutoly Needs for Sedlment Quallty Assessment' 

Area of Need 

CERCLA 	 Assessment of need for remedial action with contaminated sediments; assessment of degree of cleanup required. 

disposition of sediments 


CWA 	 National Pollutant Discharge Elimination System (NPDES) permitting, especially under Best Available Technology 
(BAT) in water-quality-limited water 
Seclion 403(c) criteria for ocean discharges; mandatory additional requirements to protect marine environment 
Section 301(g) waivers for publicly owned treatment works (POTWs) discharging to marine waters 
Section 404 permits for dredge and fill activities (administered by the U.S. Army Corps of Engineers [USACE]) 

Reviews of uses for new and existing chemicals 

Pesticide labeling and registration 


MPRSA 	 Permits for ocean dumping 

NEPA 	 Preparation of environmental impact statements for projects with surface water discharges 

TSCA 	 Sectiin 5: Premanufaclure notifcation reviews for new industrial chemical$ 
Sections 4, 8, and 8: Reviews for existing industrial chemicals 

RCRA 	 Assessment of suitability (and permitting of) on-land disposal or beneficial use of contaminated sediments considered 

'hazardous" 


' Modified from Dickson et al.. 1987 and Southerland et ai.. 1992. 

CERCLA Comprehensive Environmental Response, Compensation and Liability Act (Superfund) 

CWA Clean Water Act. 

FlFRA Federal Insecticide. Fungicide, and Rodenticide Act 

MPRSA Marine Protection. Resources and Sanctualy Act. 

NEPA National Environmental Policy Act. 

TSCA Toxic Substances Control Act. 

RCRA Resource Conservation and Recovery Act. 


regulatory action. Depending on statutory and regulatofy in these methods to measure effects of chemicals in 
requirements, the program specific guidance will describe sediment including survival, growth, behavior, or repro- 
decisions based on a weight of evidence approach. a duction; however, survival of test organisms in 10-d expo- 
pass-fail approach, or comparison to a reference site. sures is the endpoint most commonly reported. These 
The following two approaches are currently being used by short-term exposures which only measure effects on 
USEPA: 11) the Office of Water4.S. Armv Coros of survival can be used to identifv hioh levels of contamina- 
~nqineers'dredgedmaterial testingframeworcand (2)the tion, but might not be able to ideitihr moderate levels of 
OFPTS contaminatibn in sediments (Benoit et al.. 1997; lngersoll ecological risk assessment tiered testing frame- 
work. USEPA-USACE (1998a) describes the dredaed et al.. 1998: Siblev et al.. 1996: Siblev et al.. 1997a: 
material testing framework and Smrchek and ~ e e m a n  Sibley et a1.,'1997b; sibley et al., '1998).' 
(1998) summarizes the OPPTS testing framework. A 
tiered testing framework has not yet been chosen for 1.3.2 Procedures described in Sections 11 and 12 for 
Agency-wide use, but some of the components have conducting 10-d sediment toxicity tests with the amphi- 
been identified to be standardized. These components pod H. azteca (measuring survival) and the midge 
include toxicity tests, bioaccumulation tests, sediment C. tentans (measuring survival and growth) were de- 
quality guidelines, and other measurements that may scribed in the first edition of the manual (USEPA, 1994a). 
have ecological significance, including benthic commu- Section 14 of this second edition of the manual now 
nity structure evaluation, colonization rate, and in situ describes a method for determining potential sublethal 
sediment testing within a mesocosm (USEPA, 1992a). effects of contaminants associated with sediment on 

H. azleca, includina effects on reoroduction based on a 
1.3 	 Scope and Application procedure describd by lngersoll et a!. (1998). Section 15 

of this second edition of the manual now describes a 
1.3.1 A variety of standard methods have been previously method for determining sublethal endpoints in sediment 
developed for assessing the toxicity of chemicals in tests based on a life-cycle test with C. tentans described 
sediments using amphipods, midges. polvchaetes, oli- by Benolt et al. (1997), Sibley et al. (1996), and Sibley et 
gochaetes, ma!iflies; or cladocerans (USEPA, 1994a; al. (1997a). Procedures are primarily described for testing 
USEPA. 1994b: ASTM. 1999a: ASTM. 1999b: ASTM: freshwater sediments; however, es6ar1ne sediments (up 
1999~;ASTM, 1999d; ~nvironment ~anada, 1997a; ~ n v i :  to 15%0 salinity) can also be tested in 10-d sediment tests 
ronment Canada. 1997b). Several endpoints are suggested with H. azteca. 



1.3.2.1 The decision to conduct 10-d or long-term toxicity 
tests with H. azteca or C. tentans depends on the goal of 
the assessment. In some instances, sufficient informa- 
tion may be gained by measuring sublethal endpoints in 
10-d tests. In other instances, the 10-d tests could be 
used to screen samples for toxicity before long-term tests 
are conducted. While the long-term tests are needed to 
determine direct effects on reproduction, measurement of 
growth in these toxicity tests may serve as an indirect 
estimate of reproductive effects of chemicals associated 
with sediments (Section 14.4.5 and 15.4.6.2). Additional 
studies are ongoing to more thoroughly evaluate the 
relative sensitivity between lethal and sublethal endpoints 
measured in 10-d tests and between sublethal endpoints 
measured in the long-term tests. Results of these studies 
and additional a~~l ica t ions of the methods described in 
Sections 14 and'i5 will provide data that can be used to 
assist in determining where application of long-term tests 
will be most appropriate. 

1.3.2.2 Use of sublethal endpoints for assessment of 
contaminant risk is not unique to toxicity testing with 
sediments. Numerousregulatoryprogramsrequiretheuse 
of sublethal endooints in the decision-makino Drocess " . ~~~ 

(Pittinger and ~ d e m s ,  1997) including: (1) Water Quality 
Crateria (and State Standards); (2) National Pollution Dis- 
charge Elimination System (NPDES) effluent monitoring 
(including chemical-specificlimitsandsublethal endpoints 
in toxicitv tests): 13) Federal Insecticide. Rodenticide and ,. . ,
~ungicideAct (FIFRA) and the Toxic ~"bstances Control 
Act (TSCA; tiered assessment includes several sublethal 
end~ointswith fish and aauatic invertebrates): (4) Su~er -  ,. > , . 
fundcomprehensive ~nvironmental Response, Compen- 
sation and Liability Act (CERCLA); (5) Organization of 
Economic Cooperation and Development (OECD; suble- 
thal toxicity testing with fish and invertebrates); (6) Euro- 
pean ~conomic Community (EC; sublethal toxiciiy test4ng 
with tshand invertebrates); and (7) the ParisCommission 
(behav'oral endpoints). 

1.3.3 Guidance for conducting 28-d bioaccumulation 
tests with the oligochaete ~ u m b ~ c u l u s  variegatus is also 
provided in this manual (Section 13). Overlvma water is 
renewed daily and organisms are noi fed duiinibioaccu- 
mulation tests. Methods are also described for 
determining bioaccumulation kinetics of different classes 
of compounds during 28-d exposures with L. variegatus. 

1.3.4 Additional research and methods development are 
now in progress to (1) refine sediment Toxicity Identifica- 
tion Evaluation (TIE) procedures (Ankley and Thomas, 
1992), (2) refine sediment spiking procedures, (3) develop 
in situ toxicity tests to assess sediment toxicity and 
bioaccumulation under field conditions, (4) evaluate rela- 
tive sensitivity of endpoints measured in toxicity tests, 
(5) develop methods for additional species, (6) evaluate 
relationships between toxicity and bioaccumulation, and 
(7) produce additional data on confirmation of responses 
in laboratory tests with natural populations of benthic 
organisms. This information will be described in future 
editions of this manual or other USEPA manuals. 

1.3.4.1 This methods manual serves as a companion to 
the marine sediment testing method manuals (USEPA, 
1994b; USEPA. 1999). 

1.3.5 Procedures described in this manual are based on 
the following documents: ASTM (1999a), ASTM (1999b), 
ASTM (1999~). ASTM (1999d), Ankley et al. (1993), 
Phipps et al. (1993), Call et al. (1994), USEPA (1991a), 
USEPA (I994a), USEPA (1994b). lngersoll et al. (1995), 
lngersoll et al. (1998). Sibley et al. (1996). Sibley et al. 
(1997a), Sibley et al. (1997b), and Benoit et al. (1997). 
This manual outlines specific test methods for evaluatina 
the toxicity of sediments in 10-d exposures with H. azteca 
and C. tentans. The manual also outlines oeneral ouid- 
ance on procedures forevaluating the effecc of sedi;;lent 
contaminants in long-term exposures with H.azteca and 
C. tentans and bioaccumulation of contaminants in 
sediment with L. variegatus. Some issues that may be 
considered in interpretation of test results are the subject 
of continuing research, including the influence of feeding 
on bioavailability, nutritional requirements of the test or- 
ganisms, additional performance criteria for organism 
health, and confirmation of responses in laboratory tests 
with natural benthic populations. As additional researchjs 
completed on these and other test species, the results 
will be incorporated into future editions of this manual. 
See Section 4 for additional details. 

1.3.6 General procedures described in this manual might 
be useful for conducting tests with other aquatic organ- 
isms; however, modifications may be necessary. Altering 
the procedures described in this manual maialter b i 6  
availabilitv and produce results that are not directlv com- 
parable Gth results of acceptable procedures. cdmpari- 
son of results obtained usiig modified versions of these 
procedures miaht provide useful information concernina 
new concepts and procedures for conducting sedime; 
tests with aquatic organisms (e.g., Diporeia spp., Tubifex 
tubifex. Hexagenia spp.). If tests are conducted with 
procedures different from those described in this manual. 
additional tests are rewired to determine com~arabilitv of 
results. 

1.3.6.1 Methods have been described for culturing and 
testing indigenous species that may be as sensitive or 
more sensitive than the species recommended in this 
manual. However, the USEPA currentlv allows the use of 
indigenous species only where state regulations require 
their use or prohibit importation of the recommended 
species. Where state regulations prohibit importation or 
use of the recommended test species, permission should 
be reauested from the appropriate reaulatorv aoencv be- . .  . - , "  . 
fore using indigenous species. 

1.3.6.2 Where states have developed culturing and test- 
ing methods for indigenous species other than those 
recommended in this manual, data comparing the sensi- 
tivity of the substitute species and one or more of the 
recommended species must be obtained with sediments 
or reference toxicants to ensure that the species selected 
are at least as sensitive and appropriate as the recom- 
mended species. 



1.3.7 Selection of Test Organisms 

1.3.7.1 The choice of a test organism has a major 
influence on the relevance, success, and interpretation of 
a test. Test organism selection should be based on both 
environmental relevance and practical concerns (DeWitt 
et al.. 1989: Swartz, 1989). Ideally, a test organism 
should ( I )  have a toxicologi~al database demonstrating 
relative sensitivitv and discrimination to a range of chemi- 
cals of concern-in sediment; (2) have a dstabase for 
interlaboratory comparisons of procedures (e.g., round-robin 
studies); (3) be in contact with sediment (e.g., water 
column vs. benthic organism); (4) be readily available 
through culture or from field collection; (5) be easily 
maintained in the laboratory; (6) be easily identified; (7) be 
ecologically or economically important; (8) have a broad 
geographical distribution, be indigenous (either present or 
historical) to the site being evaluated, or have a niche 
similar to organisms of concern (e.g., similar feeding guild 
or behavior to the indigenous organisms); (9) be tolerant 
of a broad range of sediment physico-chemical character- 
istics (e.g., grain size); and (10) be compatible with 
selected exposure methods and endpoints (Table 1.3, 
ASTM, 1998d). The method should also be (11) peer 
reviewed (e.g., journal articles, ASTM guides) and (12) 
confirmed with responses with natural populations of 
benthic organisms (Sections 1.3.7.9 and 1.3.8.5). 

1,.3.7.2 Of these criteria (Table 1.3), a database demon- 
strating relative sensitivity to chemicals, contact with 
sediment, ease of culture in the laboratory, interlaboratory 
comparisons, tolerance to varying sediment physico- 
chemical characteristics, and confirmation with responses 
of natural benthic populations were the primary criteria 
used for selecting H. azteca, C. tentans, and L. variegatus 
for the current edition of this manual. Many organisms 
that might be appropriate for sediment testing do not now 
meet these selection criteria because hlstorlcally little 
emphasis has been placed on developing standaidized 
testing procedures for benthic organisms. A similar data- 
base must be developed in order for other organisms to be 
included in future editions of this manual (e.g.. mayflies 
[Hexagenia spp.], other midges [C. riparius], other amphi- 
pods [Diporeia spp.], cladocerans [Daphnia magna, 
Ceriodaphnia dubia], or mollusks). 

1.3.7.3 An important consideration in the selection of 
specific species for test method development is the 
existence of information concerning relative sensitivity of 
the organisms both to single chemicals and complex 
mixtures. A number of studies have evaluated the sensi- 
tivity of H. azteca, C. tentans and L. variegatus, relative 
to one another, as well as other commonly tested fresh- 
water species. For example, Ankley et al. (1991 b) found 
H. azteca to be as, or slightly more, sensitive than 
Ceriodaphnia dubia to a variety of sediment elutriate and 
pore-water samples. In that study, L. variegatus were less 
sensitive to the samples than eiiher the amphipod or the 
cladoceran. West et al. (1993) found the rank sensitivity 
of the three species to the lethal effects of copper in 
sediments could be ranked (from greatest to least): H. 
azteca > C. tentans > L. variegatus. In short-term (48 to 

96 h) exposures, L. variegatusgenerally was less sensi- 
tive than H. azteca, C. dubia, or Pimephalespromelas 
to cadmium, nickel, zinc, copper, and lead 
(Schubauer-Berigan et al., 1993). Of the latter three 
species, no one was consistently the most sensitive to all 
five metals. 

1.3.7.3.1 In a study of Great Lakes sediment, H. azteca, 
C. tentans, and C. riparius were among the most sensitive 
and discriminatory of 24 organisms tested (Burton and 
lngersoll, 1994; Burton et al., 1996a; lngersoll et al., 
1993). Kemble et al. (1994) found the rank sensitivity of 
four species to metal-contaminated sediments to be (from 
greatest to least): H. azteca> C. riparius > Oncorhynchus 
mvkiss (rainbow trout) > Daphnia magna. The relative 
s&sitiviiy of the three endPoinis evaluated in the H. azteca 
test with Clark Fork River sediments was (from areatest .... . - -~~~~ ~ -
to least): length > sexual maturation > sukival. 

1.3.7.3.2 In 10-d water-only and whole-sediment tests, H. 
azteca and C. tentans were more sensitive than D. magna 
tofluoranthene (Suedel et al., 1993). 

1.3.7.3.3 Water-only tests also have been conducted for 
10 d with a number of chemicals using the three species 
described in this manual (Phipps et al.. 1995; Table 1.4). 
All tests were flow-througl; exposures using a soft natural 
water (Lake Suoerior) with measured chemical concentra- 
tions ihat, other than the absence of sediment, were 
conducted under conditions (e.g.. temperature, photope- 
riod. feedina) similar to those being described for the 
standard l 6 d  sediment test. In H. azteca was 
more sensitive to copper, zinc, cadmium, nickel and lead 
than either C. tentans or L. variegatus. Chironomus ten- 
tans and H. azteca exhibited a similar sensitivity to 
several of the oesticides tested. Lumbriculus vanesatus 
was not tested'with several of the pesticides; however, in 
other studies with whole sediments contaminated bv DDT . - - - -~ ~~ ~~ 

and associated metabolites, and in short-term i96-h) 
experiments with organophosphate insecticides (diazinon. 
chlorpyrifos), L. variegatus has proven to be far less 
sensitive than either H. azteca or C. tentans. These 
results highlight two important points germane to the 
methods in this manual. First, neither of the two test 
species selected for estimating sediment toxicity 
(H. azteca, C. tentans) was consistently more sensitive 
to all chemicals, indicating the importance of using mul- 
tiple test organisms when performing sediment assess- 
ments. Second, L. variegafus appears to be relatively 
insensitive to most of the test chemicals, which perhaps 
is a positive attribute for an organism used in bioaccumu- 
lation tests. 

1.3.7.3.4 Using the data from Table 1.4, sensitivity of 
H. azteca, C. tentans and L, variegatus can be evaluated 
relative to other freshwater species. For this analysis, 
acute and chronic toxicity data from water quality criteria 
(WQC) documents for copper, zinc, cadmium, nickel, 
lead, DDT, dieldrin and chlorpyrifos, and toxicity informa- 
tion from the AQUIRE database (AQUIRE. 1992) for DDD 
and DDE, were compared to assay results for the three 
species (Phipps et ai., 1995). The sensitivity of H. azteca 



Table 1.3 Ratlng of Selection Crlterla for Freshwater Sedlrnent Toxlclty Testlng Organisms' 

Criterion Hyaleila Diporeia Chimnomus Chironomus Lumbriculus Tubifex Hexagenia Mollusks Daphnia spp. and 
azteca spp. tentans riparius variegatus tubifex SPP. Ceriodaphnia spp. 

Relative 
sensitivity 
toxicity + I 
database 

Round-robin 
studies + + 
conducted 

Contact with + + + + + 
sediment 

Laboratory + + + + 
culture 

Taxonomic +I- +/- +/- +I- + 
identification 

Ecological + + + 
importance 

Geographical + +I- + 
distribution 

Sediment 
physico- + + +/- + + 
chemical 
tolerance 

Response 
confirmed + + + + + 
with benthic 
populations 

Peer reviewed + + + + + 

Endpoints2 S, G, M. R S. B, A S. G.E. R S. G, E 6. S. R 
monitored 

' A -+' or --'raling .ndicates a posit,ve or negaLve attri~ule 
S = Survival. G = Grown. B = Bioaccum~lalion. A = Avodance R = Reprod.ction. M = Maluraton. E = Emergence. NA = not applicable 

Table 1.4 Water-only, 10-d LC50 (pglL) Values for Hyalelia 
azteca, Chlronomus tentans, and Lumbriculus 
varlegatus ' 

Chemical H. azteca C. tantans L. variegatus 

Copper 35 54 35 
Zinc 73 1,125' 2.984 
Cadmium 2.E3 NT' 158 
Nickel 780 NT 12,160 
Lead 4 6  NT 794 
p,p'-DDT 0.07 1.23 NT 
p.p'-DDD 0.17 0.18 NT 
p,p'-DDE 1.39 3.0 r3.3 
Dieldrin 7.6 1.1 NT 
Chlorpyrifos 0.086 0.07 NT 

' Chemicals tested at ERL-Duluth in soft water--hardness 45 mgiL 

as CaCO at pH 7.8 to 8.2 (Phipps et ai., 1995). 

50% moriality at highest concentration tested. 

70% mortality at lowest concentration tested. 


V T  = not tested. 

to metals and pesticides, and C. tentans to pesticides 
was comparable to chronic toxicity data generated for 
other test species. This was not completely unexpected 
given that the 10-d exposures used for these two species 
are likely more similar to chronic partial life-cycle tests 
than the 48- to 96-h exposures traditionally defined as 
acute in WQC documents. Interestingly, in some in- 
stances (e.a., dieldrin, chlor~yrifos), LC50 data generated 
for H. a i e i a  or C. tentans'were comparable to or lower 
than anv re~orled for other freshwater sDecies in the WQC 
documents. This observation likely is a function not only 
of the test species, but of the test conditions; many of the 
tests on which earlv WQC were based were static, rather 
than flow-through, and utilized unmeasured contaminant 
concentrations. 

1.3.7.4 Relative species sensitivity frequently varies 
among chemicals; consequently, a battery of tests in- 
cluding organisms representing different trophic levels 
may be needed to assess sediment quality (Craig, 1984; 
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Williams et at., 1986a; Long et al., 1990; lngersoll et al., 
1990; Burton and lngersoll, 1994; Button et al., 1996a; 
USEPA, 1989~). For example. Reish (1988) reported the 
relative toxicity of six metals (As, Cd, Cr, Cu, Hg, and Zn) 
to crustaceans, poiychaetes, pelecypods, and fishes and 
concluded that no single species or group of test organ- 
isms was the most sensitive to all of the metals. 

1.3.7.5 Measurable concentrations of ammonia are com- 
mon in the pore water of many sediments and have been 
found to be a common cause of toxicity in pore water 
(Jones and Lee, 1988; Ankley et al., 1990; Schubauer- 
Berigan and Ankley, 1991). Acute toxicity of ammonia to 
H.azteca, C. tentans, and L. variegatus has been evalu- 
ated in several studies. As has been found for many 
other aquatic organisms, the toxicity of ammonia to 
C. tentans and L. variegatus has been shown to be de- 
pendent on pH. Four-day LC50 values for L. variegatus in 
water-column (no sediment) exposures ranged from 6.6 to 
390 mglL total ammonia as pH was increased from 6.3 to 
8.6 (Schubauer-Berigan et al., 1995). For C. tentans, 4-d 
LC50 values ranaed from 82 to 370 malL total ammonia 
over a similar p ~ r a n g e  (~chubauer-B&igan et al., 1995). 
Ankley et al. (1995) reported that the toxicity of ammonia 
to H. azteca (also in water-only exposures) showed differ- 
ing degrees 'of p~dependence in different test waters. 
Toxicitv was not DH de~endent in soft reconstituted wa- 
ter, w ih  4-d L C ~ Ovalues of about 20 mglL at pH ranging 
from 6.5 to 8.5. In contrast, ammonia toxicity in hard 
reconstituted water exhibited substantial pH dependence 
with LC50 values decreasing from >ZOO to 35 mglL total 
ammonia over the same pH range. Borgmann and 
Boramann (1997) later showed that the variation in ammo- 
nia ~oxicity'acro'ss these waters could be attributed to 
differences in sodium and potassium content, which ap- 
pear to influence the toxicity of ammonia to H.azteca. 

1.3.7.5.1 Although these studies provide benchmark 
concentrations that may be of concern in sediment pore 
waters, additional studies by Whiteman et al. (1996) 
indicated that the relationshio between water-only LC50 
values and those measured in sediment exposures differs 
amona oraanisms. In sediment exDosures. the 10-d LC50 
for L. cari&atus and C. tentans occurred when sediment 
pore wateneached about 150% of the LC50 determined 
from water-only exoosures. However, ex~eriments with 
H. azteca showed 'that the 10-d L C ~ Owas not reached 
until pore water concentrations were nearly 10 times the 
water-only LC50, at which time the ammonia concentra- 
tion in the overlying water was equal to the water-only 
LC50. The authors attribute this discrepancy to avoid- 
ance of sediment by H. azteca. Thus, although it appears 
that water-only LC50 values may provide suitable screen- 
Ing values for potential ammonia toxicitv, hiaher concen- 
trations may be necessary to actually indice ammonia 
toxicity in sediment exposures, particularly for H.azteca. 
Further, these data underscore the importance of measur- 
ing the pH of pore water when ammonia toxicity may be of 
concern. Ankley and Schubauer-Berigan (1995) and Besser 
et at. (1998) describe procedures for conducting toxicity 
identification evaluations (TIES) for pore-water or whole- 

sediment samples to determine whether ammonia is 
contributing to the toxicity of sediment samples. 

1.3.7.6 Sensitivity of a species to chemicals is also 
dependant on the duration of the exposure and the end- 
points evaluated. Sections 14.4 and 15.4 describe 
results of studies which demonstrate the utility of measur- 
ing sublethal endpoints in sediment toxicity tests with H. 
azteca and C. tentans. 

1.3.7.7 The sensitivity of an organism to chemicals 
should be balanced with the concept of discrimination 
(Burton and lngersoll, 1994; Burton et al., 1996). The 
response of a test organism should provide discrimination 
between different levels of contamination. 

1.3.7.8 The sensitivity of an organism is related to the 
route of exposure and biochemical response to chemi- 
cals. Sediment-dwelling organisms can receive exposure 
from three primary sources: interstitial water, sediment 
particles, and overlying water. Food type, feeding rate, 
assimilation efficiency, and clearance rate will control the 
dose of chemicals from sediment. Benthic invertebrates 
often selectively consume different particle sizes (Harkey 
et al.. 1994) or oarticles with hiaher organic carbon con- 
centrations; wh/ch may have higher ch&nical concentra-
tions. Grazers and other collector-aatherers that feed on 
aufwuchs, or surface films, and 'betritus may receive 
most of their body burden directly from materials attached 
to sediment or from actual sediment ingestion. In amphi- 
pods (Landrum, 1989) and clams (Boese et ai., 1990), 
uptake through the gut can exceed uptake across the giiis 
of certain hvdroohobic comoounds. Organisms in direct 
contact with sediment may'also accu6ulate chemicals 
by direct adsorption to the body wall or by absorption 
through the integument (Knezovich et ai., 1987). 

1.3.7.9 Despite the potential complexities in estimating 
the dose that an animal receives from sediment, the 
toxicity and bioaccumulation of many chemicals in seai- 
ment such as KeooneB, fluoranthene, oraanochlorines. 
and metals have been correlated with e i t k r  the concen: 
tration of these chemicals in interstitial water or. ., in... the~ ~~~-~ 

case of nonionic organic chemicals, in sediment on an 
organic-carbon normalized basis (Di Toro et at.. 1990; Di 
Toro et ai.. 1991). The relative imoortance of whole sedi- 
ment and i'nterstiiial water routes &exposure deiends on 
the test organism and the specific chemical (~nezovich 
et al., 1987). Because benthic communities contain a 
diversity of organisms, many combinations of exposure 
routes can be important. Therefore, behavior and feeding 
habits of a test organism can influence its ability to 
accumulate chemicals from sediment and should be con- 
sidered when selectina test oraanisms for sediment 
testing. 

1.3.7.10 The response of H. azteca and C. tentans in 
laboratory toxicity studies has been compared with the 
response of natural benthic populations. 

1.3.7.10.1 Chironomids were not found in sediment 
samples that decreased growth of C. tentans by 30% or 



more in 10-d laboratoly toxicity tests (Giesy et al.. 1988). 
Wentsel et al. (1977a, 1977b, 1978) reported a correlation 
between responses of C. tentans in laboratory tests and 
the abundance of C. tentans in metal-contaminated sedi- 
ments. 

1.3.7.10.2 Canfield et al. (1994, 1996, 1998) evaluated 
the composition of benthic invertebrate communities in 
sediments for the following areas: (1) three Great Lakes 
Areas of Concern (AOC; Buffalo River, NY; Indiana 
Harbor, IN; Saginaw River, MI), (2) the upper Mississippi 
River, and (3) the Clark Fork River located in Montana. 
Results of these benthic community assessments were 
compared to sediment chemistry and toxicity (28-d sedi- 
ment exposures with H. azteca which monitored effects 
on survival, growth, and sexual maturation). Good con- 
cordance was evident between measures of laboratory 
toxicity, sediment contamination, and benthic inverte- 
brate community composition in extremely contaminated 
samples. However, in moderately contaminated samples, 
less concordance was observed between the composition 

contamination in the field, but may be underprotective of 
sublethal effects. 

1.3.8 	 Selection of Organisms for Sediment 
Bioaccumulation Testing 

1.3.8.1 Several studies have demonstrated that hydro- 
phobic organic compounds are bioaccumulated from sedi- 
ment by freshwater infaunal organisms, including larval 
insects IC. tentans, Adams et al.. 1985: Adams. 1987: 
~ e x a ~ e n i alimbata, Gobas et al., 1989), oligochaetes 
(Tubifex tubifex and Limnodrilus hoffmeisteri, Oliver, 1984; 
Oliver, 1987; Connell et al., 1988), and by marine organ- 
isms (polychaetes, Nephtys incisa; mollusks, Mercenaria 
mercenaria, Yoldia limatula; Lake et al., 1990). Consum- 
ers of these benthic organisms may bioaccumulate or 
biomagnify chemicals. Therefore, in addition to sediment 
toxicity, it may be important to examine the uptake of 
chemicals by aquatic organisms from contaminated sedi- 
ments. 

of the benthic community and either ~aboratory~toxicit~ 1.3.8.2 Various species of organisms have been sug- 
test results or sediment contaminant concentration. Labo- 
ratory sediment toxicity tests better identified chemical 
contamination in sediments compared to many of the 
commonly used measures of benthic invertebrate com- 
munity composition. Benthic measures may reflect other 
factors such as habitat alteration in addition to responding 
to contaminants. Canfield et al. (1994, 1996, 1998) 
identified the need to better evaluate noncontaminani 
factors ii.e.. TOC. arain size. water de~ th ,  habitat alter- 
;tG");n'order to b&er interpret the rekpo"se of benthic 
invertebrates to sediment contamination. 

1.3.7.10.3 The results from laboratorysediment toxicity 
tests were compared to colonization of artificial sub-
strates exposed insitu to Great Lakes sediment (Burton 
and lngersoll. 1994; Burton et al., 1996a). Survival or 
growth of H. azteca and C. tentans in 10- to 28-d labora- 
tory exposures were negatively correlated to percent chi- 
ronomids and percent tolerant taxa colonizing artificial 
substrates in the field. Schlekat et al. (1994) reported 
generally good agreement between sediment tests with H. 
azteca and benthic community responses in the Anacostia 
River, Washington, D.C. 

1.3.7.10.4 Sediment toxicity to amphipods in 10-d toxic- 
ity tests, field contamination, and field abundance of 
~enthicamphipods were examined along a sediment con- 
taminallon aradient of DDT (Swartz et al.. 1994). Survival 
of ~ohaust&ius estuarius, dhepoxynius abronius, and H. 
azfeca in laboratory toxicity tests was positively corre- 
lated to abundance of amphipods in the field and, along 
with the survival of H, azteca, was negatively correlated 
to DDT concentrations. The threshold for 10-d sediment 
toxicitv in laboratory studies was about 300 us DDT 
(+me<abolites)/g organic carbon. The threshold fo;abun- 
dance of amDhiD0ds in the field was about 100 uo DDT 
(+metabolitek.)lg organic carbon. Therefore, corierations 
between toxicity, contamination, and field populations 
indicate that short-term seoiment toxicitv tests can Dro- 
vide reliable evidence of biologically adverse sediment 

gested for use in studies of chemical bioaccumulation 
from aquatic sediments. Several criteria should be con- 
sidered before a species is adopted for routine use in 
these types of studies (Ankley et al., 1992a; Call et al., 
1994). These criteria include (1) availability of organisms 
throughout the year, (2) known chemical exposure his- 
tory, (3) adequate tissue mass for chemical analvses. (4) - . .  
ease of handling, (5) tolerance of a wide rangeof sedi: 
ment ohvsico-chemical characteristics le.0.. oarticle size). 

\ - .. 
(6) low sensitivity to chemicals associated with sedimeni 
(e.g., metals, organics), (7) amenability to long-term ex- 
posures without adding food, (8) and ability to accurately 
reflect concentrations of chemicals in field-exposed or- 
ganisms (e.9.. exposure is realistic). Wlth these criteria in 
mind, the advantages and disadvantaaes of several DO-
tential freshwater Iaxa for bioaccumJation testing are 
discussed below. 

1.3.8.3 Freshwater clams provide an adequate tissue 
mass, are easily handled, and can be used in long-term 
exposures. However, few non-exotic freshwater species . 
are available for testing. Exposure of clams is uncertain 
because of valve closure. Furthermore, clams are filter 
feeders and may accumulate lower concentrations of 
chemicals compared with detritivores (Lake et al., 1990). 
Chironomids can be readilv cultured, are easv to handle. 
and reflect appropriate rouies of exposure. ow ever, the~r 
m i d  life cvcle makes it difficult to oerform lona-term 
exposuresGthhydrophobic compound;; also, chirolomids 
can readily biotransform organic compounds such as 
benzo[a]pyrene (Harkey et al., 1994). Larval mayflies 
reflect appropriate routes of exposure, have adequate 
tissue mass for residue analysis, and can be used in 
lona-term tests. However, mavflies cannot be continuouslv 
culi;red in the laboratoryand&nsequently are not always 
available for testino. Furthermore. the backoround 
concentrations of chk ica ls  and heaih of field-coilected 
individuals may be uncertain. Amphipods (e.g., H.azleca) 
can be cultured in the lab~ra t~ rv ,  are easv to handle, and 
reflect appropriate routes of exposure. ~oivever, their size 
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may be insufficient for residue analysis and H. azteca are 
sensitive to chemicals in sediment. Fish (e.~.. fathead 
minnows) provide an adequate tissue mass, i r e  readily 
available. are easv to handle. and can be used in lona-term - - . 
exDosures. ~oviever,  the' route of exposure Ys not 
adpropriate for evaluating the bioavailability of 
sediment-associated chemicals to benthic oraanisms. -
1.3.8.4 Oligochaetes are infaunal benthic organisms that 
meet manv of the test criteria listed above. Certain oli- 
gochaete species are easily handled and cultured, pro- 
vide reasonable biomass for residue analyses, and are 
tolerant of varying sediment physical and chemical char- 
acteristics. 0ligo;haetes areexposed to chemicals via all 
ao~ro~r ia teroutes of exPosure, including Dore water and 
i&esGon of sediment particles. 0l igochSes need not be 
fed during long-term bioaccumulation exposures (Phipps 
et al., 1993). Various oligochaete species have been used 
in toxicity and bioaccumulation evaluations (Chapman et 
al.. 1982a. Chaoman et al.. 1982b: Wiederholm. 1987: ~.~ - -

evaluated. Only polycyclicaromatic hydrocarbons (PAHS) 
and total polychlorinated biphenyls (PCBs) were frequently 
measured above detection limits. 'A positive correlation 
was observed between bid-normalized concentrations of 
PAHs detected in laboratory-exposed L. variegatus and 
field-collectedoligochaetesacrossallsampling~locations. 
Rank correlations for concentrations of individual com- 
pounds between laboratory-exposed and field-collected 
oligochaetes were strongest for benzo(e)pyrene, perylene, 
benzo(b,k)-tluoranthene.and pyrene (S~earman rank cor- 
relations ;0.69). About 90% of the p i r e d  PAH concen- 
trations in laboratory-exposed and field-collected oligocha- 
etes were within a factor of three of one another indicating 
laboratory results could be extrapolated to the field with a 
reasonable dearee of certainty. -
1.4 Performance-based Criteria 

1.4.1 USEPA's Environmental Monitoring Manage- 
ment Council lEMMCI recommended the use of 

Kielty et a~., 1988;; Kielty et al., 1'988b; phipp$ et a~.; performance-ba'sed meihods in developing chemical 
1993), and field populations have been used as indicators 
of the pollution of aquatic sediments (Brinkhurst, 1980; 
Spencer, 1980; Oliver, 1984; Lauritsen. 1985; Robbinset 
al., 1989; Ankley et al., 1992b; Brunson et al., 1993; 
Brunson et al.. 1998). An additional desirable.characteris- 
tic of Lumbriculus variegatus in bioaccumulation tests is 
that this s~ecies does not biotransform PAHs (Harkev et 
al., 1994): 

1.3.8.5 The response of L. variegatus in laboratory 
bioaccumulation studies has been confirmed with natural 
populations of oligochaetes. 

1.3.8.5.1 Total PCB concentrations in laboratory-exposed 
L. varieaatus were similar to concentrations measured in 
field-coiected oligochaetes from the same sites (Ankley 
et at., 1992b). PCB homologue patterns also were similar 
between laboratory-exposed and field-collected oliaocha- 
etes. The more hhhly-chlorinated PCBs tended to have 
greater bioaccumulation in the field-collected organisms. 
In contrast, total PCBs in laboratory-exposed (Pimephales 
promelas) and field-collected (lctalurus melas) fish re- 
vealed poor agreement in bioaccumulation relative to the 
sediment concentrations at the same sites. 

1.3.8.5.2 Chemical concentrations measured in 
L. variegatus after 28-d exposures to sediment in the 
laboratory were compared to chemical concentrations in 
field-collected oligochaetes from the 13 pools of the upper 
Mississippi River where these sediments were collected 
(Brunson et al., 1998). Chemical concentrations were 
relatively low in sediments and tissues from the pools 

analytical standards (Williams, 1993). Performance-based 
methods were defined by EMMC as a monitoring approach 
that permits the use of appropriate methods that meet 
pre-established demonstrated performance standards 
(Section 9.2). ' 

1.4.2 The USEPA Office of Water's Office of Science 
and Technology and Office of Research and Development 
held a workshop on September 16-18, 1992 in Washing- 
ton, DC to provide an opportunity for experts in the field of 
sediment toxicology and staff from USEPA's Regional 
and Headquarters program offices to discuss the develop- 
ment of standard freshwater and marine sediment testing 
procedures (USEPA, 1992a; USEPA, 1994a). Workgroup 
~art ic i~antsreached a consensus on several culturina 
bnd testing methods. In developing guidance for culturing 
freshwater test organisms to be included in the USEPA 
methods manual for sediment tests, it was agreed that no 
single method should be required to cultur;! organisms. 
However, the consensus at the workshop was that since 
the success of a test depends on the health of the 
cultures, having healthy test organisms of known quality 
and age for testing was the key consideration. A 
performance-based criteria approach was selected as the 
preferred method through which individual laboratories 
should evaluate culture methods rather than by 
control-based criteria. This method was chosen to allow 
each laboratory to optimize culture methods and minimize 
effects of test organism health on the reliability and 
comparability of test results. See Tables 11.3, 12.3, 13.4, 
14.3, and 15.3 for a listing of performance criteria for 
culturing and testing. 



Section 2 

Summary of Method 


2.1 Method Description and 
Experimental Design 

2.1.1 Method Descript ion 

2.1.1.1 This manual describes procedures for testing 
freshwater organisms in the laboratory to evaluate the 
potential toxicity or bioaccumulation of chemicals associ- 
ated with whole sediments. Sediments may be collected 
from the field or s~ iked  with comoounds in the laboratorv. 
Toxicity methods are outlined 'for two organisms, t6e 
amphipod Hyalella azteca and the midge Chironomus 
tentans. Methods are described for conducting 10-d 
toxicity tests with amphipods (Section 11) or midges 
(Section 12). Toxicity tests are conducted for 10 d in 
300-mL chambers containing 100 mL of sediment and 175 
mL of overlying water. Overlying water is added daily and 
test organisms are fed during the toxicity tests. The 
endpoints in the 10-d toxicity test with H. azteca and C. 
tenfans are survival and growth. Procedures are primarily 
described for testing freshwater sediments: however, es- 
tuarine sediments (Gp to 15 %O salinity) can also be tested 
in 10-d toxicity tests with H. azteca. 

2.1.1.2 Guidance is also described in the manual for 
conducting long-term sediment toxicity tests with 
H. azteca (Section 14) and C. tentans (Section 15). The 
long-term sediment exposures with H. azteca are started 
with 7- to 8-d-old am~h i~ods .  On Dav 28. amphipods are 
isolated from the sediment and placed in water-only cham- 
bers where reproduction is measured on Day 35and 42. 
Endpoints measured in the long-term amphipod test in- 
clude survival (Day 28, 35, andb~) ,  (bay 28 and 
42), and reproduction (number of young per female pro- 
duced from Day 28 to 42). The long-term sediment 
exposures with C. tentansstart with newly hatched larvae 
(~24-hold) and continues through emergence, reproduc- 
tion, and hatching of the F, generation (about 60-d expo- 
sures). Survival and growth are determined at 20 d. 
Starting on Day 23 to the end of the test, emergence and 
reproduction of C. tentans are monitored daily. The 
number of eggs per female is determined for each egg 
mass, which is incubated for 6 d to determine hatching 
success. 

2.1.1.3 Guidance for conducting 28-d bioaccumulation 
tests with the oligochaete ~urnbriculus variegatus is also 
prodded in the manual. The overlying water is added dailv 
and the test organisms are not fed during bioaccumulatio~ 

tests. Section 13 also describes procedures for determin- 
ina bioaccumulation kinetics of different classes of com- 
p&nds during 28-d exposures with L. variegatus. 

2.1.2 Experimental Design 

The following section is a general summary of experimen- 
tal design. See Section 16 for additional detail. 

2.1.2.1 ControlandReference Sediment 

2.1.2.1.1 Sediment tests include a control sediment 
(sometimes called a negative control). A control sedi- 
ment is a sediment that is essentially free of contami- 
nants, is used routinely to assess the acceptability of a 
test, and is not necessarily collected near the site of 
concern. Any contaminants in control sediment are thought 
to originate from the global spread of pollutants and do 
not reflect any substantial input from local or nonpoint 
sources (ASTM. 1999~). A control sediment provides a 
measure of test acceptability, evidence of test organism 
health. and a basis for inter~retina data obtained from the 
test sediments. A reference s&iment is typically col- 
lected near an area of concern (e.g., a disposal site) and 
is used to assess sediment conditions exclusive of 
material@) of interest. Testing a reference sediment pro- 
vides a site-specific basis for evaluating toxicity. 

2.1.2.1.1.1 In general, the performance of test organisms 
in the negative control is used to judge the acceptability 
of a test, and either the negative control or reference 
sediment may be used to evaluate performance in the 
experimental treatments, depending on the purpose of 
the study. Any study in which organisms in the negative 
control do not meet performancecriteria must be consid- 
ered auestionable because it suaaests that adverse fac- 
tors affected the test organisms.- Key to avoiding this 
situation is using only control sediments that have a 
demonstrated record of performance using the same test 
procedure. This includes testing of new collections from 
sediment sources that have previously provided suitable 
control sediment. 

2.1.2.1.1.2 Because of the uncertainties introduced by 
poor performance in the negative control, such studies 
should be repeated to insure accurate results. However, 
the scope or sampling associated with some studies may 
make it difficult or impossible to repeat a study. Some 
researchers have reported cases where performance in 



the negative control is poor, but performance criteria are 2.1.2.3 If the purpose of the study is to conduct a 
met in a reference sediment included in the studv desian. reconnaissance field survev to identik contaminated sites 
In these cases, it might be reasonable to infer that other for further investigation, tl;e experimental design might 
samples that show good performance are probably not include only one sample from each site to allow for 
toxic: however. anv samples showina Door ~erformance maximum spatial coveraqe. The lack of replication at a 
shodd not be judied to'have shown toxicity, since it is 
unknown whether the adverse factors that caused Door 
control performance might have also caused poor p;rfor- 
mance In the test treatments. 

2.1.2.1.2 Natural geomorphological and physiw-chemi- 
cal characteristicssuch as sediment texture may influ- 
ence the remonseoftest organisms (DeWittet al., 1988). 
The physico-chemical chaFacteristics of test sediment 
must be within the tolerance limits of the test organism. 
Ideally, the limits of a test organism should be determined 
in advance; however, controls for factors such as grain 
size and organic carbon can be evaluated if the recom- 
mended limits are approached or exceeded in a test 
sediment. See Section 10.1 for information on physico- 
chemical requirements of test organisms. If the physico- 
chemical characteristics of a test sediment exceed the 
tolerance limits of the test organism, it may be desirable 
to include a control sediment that encompasses those 
characteristics. The effects of some sediment character- 
istks (e.g.. grain size or total organic carbon) on sediment , 
test results may be addressedhth regression equations 
(DeWitt et al.. 1988; Ankley et al., 1994a). The use of 
formulated sediment can also be used to evaluate physico- 
chemical characteristics of sediment on test organisms 
(Walsh et al.. 1991: Suedel and Rodaers. 1994: Kemble et -
al.. 1999; USE PA,^^^^). 

2.1.2.2 The experimental design depends on the purpose 
of the study. Variables that need to be considered include 
the number and type of control sediments, the number of 
treatments and replicates, and water-quality characteris- 
tics. 

2.1.2.2.1 The purpose ofthe study might be to determine 
a specific endpoint such as an LC50 and may include a 
control sediment, a positive control, a solvent control, and 
several concentrations of sediment spiked with a chemi-
cal (see Section 8.3.2). 

2.1.2.2.2 The purpose ofthe study might be to determine 
whether field-collected sediments are toxic, and may 
include controls, reference sediments, and test sedi- 
ments. Controls are used to evaluate the acceptability of 
the test (Tables 11.3, 12.3, 13.4, 14.3, 15.3) and might 
include a control sediment, a formulated sediment (Sec- 
tion 7.2). a sand substrate (for C. tentans; Section 12.2, 
15.2), or water-only exposures (for H. azteca; Section 
14.3.7.8). Testing a reference sediment provides a 
site-specific basis for evaluating toxicity of the test sedi- 
ments. Comparisons of test sediments to multiple refer- 
ence or control sediments representative of the physical 
characteristics of the test sediment (i.e.. grain size, or- 
ganic carbon) may be useful in these evaluations. A 
summary of field sampling design is presented by Green 
(1979). See Section 16 for additional guidance on experi- 
mental design and statistics. 

site usually precludes staktical comparisons (e.g.. analy- 
sis of variance IANOVAI) amona sites. but these survevs 
can be used to identifj; contaminated sites for furth'er 
study or may be evaluated using regression techniques 
(Sokal and Rohlf, 1981; Steel and Torrie, 1980). 

2.1.2.4 In other instances, the purpose of the study might 
be to conduct a quantitative sediment survev of chemis- 
try and toxicity to'determine statistically signrficant differ- 
ences between effects among control and test sediments 
from several sites. The number of replicates per site 
should be based on the need for sensitivity or power 
(Section 16). In a quantitative survey, replicates (sepa- 
rate samples from different grabs collected at the same 
site) would need to be taken at each site. Chemical and 
physical characterizations of each of these grabs would 
be required for each of these replicates used in sediment 
testing. Separate subsamples might be used to determine 
within-sample variability or to compare test procedures 
(e.g., comparative sensitivity among test organisms), but 
these subsamoles cannot be considered to be true field 
replicates for siatistical comparisons among sites (ASTM, 
1999a). 

2.1.2.5 Sediments often exhibit high spatial and temporal 
variability (Stemmer et al., 1990a). Therefore, replicate 
samples may need to be collected to determine variance 
in sediment characteristics. Sediments should be col- 
lected with as little disruption as possible; however, 
subsampling, compositing, or homogenization of sedi- 
ment samples may be necessary for some experimental 
designs. 

2.1.2.6 Site locations might be distributed along a known 
pollution gradient, in relation to the boundary of a disposal 
site, or at sites identified as being contaminated in a 
reconnaissance survey. Both spatial and temporal com- 
parisons can be made. In pre-dredging studies, a sam- 
pling design can be prepared to assess the contamination 
of samples representative of the pmiect area to be dredaed. 
Such a design should include subsampling of cores tiken 
to the project depth. 

2.1.2.7 The primaryfocus of the physical and experimen- 
tal test desian, and statist~cal analvsis of the data. is the 
experiments init. The experimental unit is defined'as the 
smallest physical entity to which treatments can be inde- 
pendently assigned (Steel and Torne. 1980) and to which 
air and water &change between test chambers is kept to 
a minimum. As the number of test chambers per treat- 
ment increases, the number of degrees of freedom and 
the power of a significance test increase, and therefore. 
the width of the confidence interval on a ~ o i n t  estimate. 
such as an LC50, decreases (Section 16).Because of 
factors that might affect test results, all test chambers 
should be treated as similarly as possible. Treatments 
should be randomly assigned to individual test chamber 



locations. Assignment of test organisms to test cham- 
bers should be impartial (Davis et al., 1998). 

2.2 Types of Tests 

2.2.1 Methods for conducting 10-d toxicity tests are 
outlined for two organisms, the amphipod H. azteca (Sec- 
tion 11) and the midge C. tentans (Section 12). The 
manual primarily describes methods for testing freshwa- 
ter sediments; however, the methods described can also 
be used for testing H. azteca in estuarine sediments in 
10-d tests (up to 15%. salinity). 

2.2.2 Guidance for conducting long-term toxicity tests is 
also outlined for H. azteca (Section 14) and C. tentans 
(Section 15). 

2.2.3 Guidance for conducting 28-d bioaccumulation 
tests with the oligochaete L. variegatus is described in 
Section 13. Procedures are also described for determin- 
ing bioaccumulation kinetics of different classes of com- 
pounds during 28-d exposures with L. variegatus. 

2.3 Test Endpoints 

2.3.1 Endpoints measured in the 10-d toxicity tests are 
survival and growth. Length or weight is reported as the 
averaae of the surviving organisms at the end of the test 
(sections 11 and 12). ~7o;these data, biomass can also 
be calculated (dryweightofsurvivingorganismsdividedby 
the initial numberoforganisms). Therationaleforevaluat- 
ing biomass in toxicity testing'is as follows: small differ- 
ences in either growth or survival may not be statistically 
significantly different from the control; however, a com- 
bined estimate of biomass may increase the statistical 
Dower ofthe test. Although USEPA i1994c, d) describes 
brocedures for reporting biomass as a measure of growth 
in effluent toxicity tests, the approach has not yet been 
routinely applied to sediment testing. Therefore, biomass 
is not listed as a primaryendpoint in the methods described 
in Sections 11, 12, 14, and 15. 

2.3.2 Endpoints measured in the long-term H. azteca 
exposures include survival (Day 28,35, and 42), growth 
(Day 28 and 42), and reproduction (number of young per 
female produced from Day 28 to 42). The long-term 
sediment exposures with C. tentans start with newly 
hatched larvae (<24-h old) and continue through emer- 
gence, reproduction, and hatching of the F, generation 
(about 60-d exposures). Survival is determined at 20 d. 
Starting on Day 23 to the end of the test, emergence and 
reproductionofC.tentansaremonitoreddaily. Thenumber 
ofeggs perfemaleis determinedforeach egg mass, which 
is incubated for 6 d to determine hatching success. 

2.3.2.1 The long-term toxicity test methods for Hyalella 
azteca and Chironomus tentans (Sections 14 and 15) can 
be used to measure effects on reproduction as well as 
long-term survival and growth. Re~roduction is a kev 
var~ab~einfluencin~the long-term sustainability of popula- 
tions (Rees and Crawlev. 19891 and has been snown to 
provide valuable and sensitive information in the assess- 
ment of sediment toxicity (Derr and Zabik, 1972; Wentsel 
et al., 1978; Williams et al., 1987; Postma et al.. 1995; 
Sibley etal., 1996,1997a; lngersoll etal., 1998). Further, 
as concerns have emerged regarding the environmental 
significance of chemicals that can act directly or indirectly 
on reproductiveendpoints (e.g., endocrinedisruptingcom- 
pounds), the need forcomprehensive reproductivetoxicity 
tests has become increasingly important. Reproductive 
endpoints measured in sediment toxicity tests with H. 
azteca and C. tentanstend to be morevariable compared 
with those for survival or growth (Section 14.4.6 and 
15.4.6). Hence, additional replicates would be required to 
achieve the same statistical Dower as for survival and 
growth endpoints (Section 16).'~he~roceduresdescribeo 
in Sections 14 and 15 include measurement ofa variety of 
lethal and sublethal endpoints; minor modifications of the 
basic methods can be used in cases where only a subsel 
oftheseendpoinlsisofinterest(Sections14.1.3and 15.1.2). 

2.3.3 Endpoints measured in bioaccumulation tests are 
tissue concentrations of contaminants and for some tvDes 
of studies, lipid content. Behavior of test organisms s6ould 
be oualitativelv observed dailv in all tests (e.0.. avoidance 
of sediment). ' 



Section 3 

Definitions 


3.1 Terms 

The following terms were defined in Lee (1980). NRC 
(1989), USEPA (1989c), USEPA-USACE (1991), 
USEPA-USACE (1998a), ASTM (1999a), ASTM (1999b), 
or ASTM (1999h). 

3.1.1 Technical Terms 

3.1.1.1 Bioaccumulation. The net accumulation of a 
substance by an organism as a result of uptake from all 
environmental sources. 

3.1.1.2 Bioaccumulation factor. Ratio of tissue residue 
to contaminant source concentration at steady state. 

3.1 .I.3 Bioaccumulation potential. Qualitative assess- 
ment of whether a contaminant is bioavailable. 

3.1.1.4 Bioconcentration. The net assimilation of a 
substance by an aquatic organism as a result of uptake 
directly from aqueous solution. 

3.1.1.5 Bloconcentration factor (BC9. Ratio of tissue 
residue to water contaminant concentration at steady 
state. 

3.1.1.6 Biota-sediment accumulation factor (BSAF). 
The ratio of tissue residue to source concentration (e.g.. 
sediment at steady state normalized to lipid and sediment 
organic carbon). 

3.1.1.7 Clean. Denotes a sediment orwaterthat does not 
contain concentrations of test materials which cause 
apparent stress to the test organisms or reduce their 
suwival. 

3.1.1.8 Concentration. The ratio of weight or volume of 
test material@) to the weight or volume of sediment or 
water. 

3.1.1.9 Contaminated sediment. Sediment containing 
chemical substances at concentrations that pose a known 
or suspected threat to environmental or human health. 

3.1.1.10 Controlsediment. A sediment that is essen- 
tially free of contaminants and is used routinely to assess 
the acceptability of a test. Any contaminants in control 
sediment may originate from the global spread of pollut- 

ants and do not reflect any substantial input from local or 
nonpoint sources. Comparing test sediments to control 
sediments is a measure of the toxicity of a test sediment 
beyond inevitable background contamination. Control 
sediment is also called a negative control because no 
toxic effects are anticipated in this treatment. 

3.1.1.11 Depuration. Loss of a substance from an 
organism as a result of any active (e.g., metabolic break- 
down) or passive process when the organism is placed 
into an uncontaminated environment. Contrast with Elimi- 
nation. 

3.1.1.12 Effect concentration (EC). The toxicant con- 
centration that would cause an effect in a given percent- 
age of the test population. Identical to LC when the 
observable adverse effect is death. For example, the 
EC50 is the concentration of toxicant that would cause a 
specified effect in 50% of the test population. 

3.1.1.13 Elimination. General term for the loss of a 
substance from an organism that occurs by any active or 
passive means. The term is applicable either in a con- 
taminated environment (e.g., occurring simultaneously 
with uptake) or in a clean environment. Contrast with 
Depuration. 

3.1.1.14 Equilibrium partitioning sediment guide- 
lines (ESGs). Numerical concentrations of chemical 
contaminants in sediment at or below which direct lethal 
or sublethal toxic effects on benthic organisms are not 
expected. ESGs are based on the theory that an equilib- 
ria exists among contaminant concentration in sediment 
pore water, contaminant associated with a binding phase 
in sediment, and biota. ESGs are derived by assigning a 
~rotective water-only effects concentration to the ore 
water (such as a ~ i n a l  Chronicvalue), and expressing the 
associated equilibrium sediment concentration in terms of 
the principal binding phase that limits contaminant bio- 
availability (e.g., total organic carbon for nonionic organ- 
ics or acid volatile sulfides for metals). 

3.1.I.I5 Formulated sediment. Mixtures of materials 
used to mimic the physical components of a natural 
sediment. 

3.1 ..I.I6  Inhibition concentration (IC). The toxicant 
concentration that would cause a given percent reduction 
in a non-quanta1 measurement for the test population. For 



example, the IC25 is the concentration of toxicant that 
would cause a 25% reduction in growth for the test 
population, and the IC50 is the concentration of toxicant 
that would cause a 50% reduction. 

3.1.1 .I7 Interstitial water orpore water. Water occupy- 
ing space between sediment or soil particles. 

3.1.1.18 k,. Uptake rate coefficient from the aqueous 
phase, with units of g-water x g-tissue-' x time-'. Contrast 
with ks. 

3.1.1.19 k,. Elimination rate constant, with units of 
time-l. 

3.1.1.20 k .Sediment uptake rate coefficient from the 
sediment phase, with units of g-sediment x g-tissue-' x 
time-'. Contrast with k,. 

3.1.1.21 KO,. Organic carbon-water partitioning coeffi- 
cient. 

3.1.I.22 KO, Octanol-water partitioning coefficient. 

3.1.1.23 Kinetic Bioaccumulation Model. Any model 
that uses uptake andlor elimination rates to predict tissue 
residues. 

3.1.I.24 Lethal concentration (LC). The toxicant con- 
centration that would cause death in a aiven oercentaae 
of the test population. Identical to EC ;hen ihe obseh- 
able adverse effect is death. For example, the LC50 is the 
concentration of toxicant that would cause death in 50% 
of the test population. 

3.1.I.25 Lowest observed effect concentration (LOEC). 
The lowest concentration of a toxicant to which organ- 
isms are exposed in a test that causes an adverse effect 
on the test organisms (i.e., where a significant difference 
exists between the value for the observed response and 
that for the controls). 

3.1. I  .26 No observed effect concentration (NOEC). 
The hiahest concentration of a toxicant to wh:ch oraan- 
isms are exposed in a test that causes no observable 
adverse effect on the test organisms (i.e., the highest 
concentration of a toxicant in which the value for the 
observed response is not statistically significantly differ- 
ent from the controls). 

3.1.1.27 Overlying water. The water placed over sedi- 
ment in a test chamber during a test. 

3.1.I.28 Reference sediment. A whole sediment near an 
area of concern used to assess sediment conditions 
exclusive of material(s) of interest. The reference sedi- 
ment may be used as an indicator of localized sediment 
conditions exclusive of the specific pollutant input of 
concern. Such sediment would be collected near the site 

of concern and would represent the background condi- 
tions resulting from any localized pollutant inputs as well 
as global pollutant input. This is the manner in which 
reference sediment is used in dredged material evaluations. 

3.1.1.29 Reference-toxicity test. A test conducted with 
reagent-grade reference chemical to assess the sensitiv- 
ity of the test organisms. Deviations outside an estab- 
lished normal range may indicate a change in the sensitiv- 
ity of the test organism population. Reference-toxicity 
tests are most oflen performed in the absence of sedi- 
ment. 

3.1.1.30 Sediment. Particulate material that usually lies 
below water. Formulated particulate material that is in- 
tended to lie below water in a test. 

3.1.1.31 Spiked sediment. A sediment to which a 
material has been added for experimental purposes. 

3.1.I.32 Steady state. An equilibrium or "constant" tissue 
residue resulting from the balance of the flux of compound 
into and out of the organism. Operationally determined by 
no statistically significant difference in tissue residue 
concentrations from three consecutive sampling periods. 

3.1.1.33 Whole sediment. Sediment and associated 
pore water that have had minimal manipulation. The term 
bulk sediment has been used synonymously with whole 
sediment. 

3.1.2 Grammatical Terms 

The words "must," "should," "may," "can," and "might" 
have very specific meanings in this manual. 

3.1.2.1 "Must" is used to express an absolute require- 
ment, that is, to state that a test ought to be designed to 
satisfy the specified conditions, unless the purpose of the 
test requires a different design. "Must" is only used in 
connection with the factors that directly relate to the 
acceptability of a test. 

3.1.2.2 "Should is used to state that the specified 
condition is recommended and ought to be met if pos- 
sible. Although a violation of one "should is rarely a 
serious matter, violation of several will oflen render the 
results questionable. 

3.1.2.3 Terms such as "is desirable," "is often desirable," 
and "might be desirable" are used in connection with less 
important factors. 

3.1.2.4 "May" is used to mean "is (are) allowed to," "can" 
is used to mean "is (are) able to," and "might" is used to 
mean "could possibly." Thus, the classic distinction be- 
tween "may" and "can" is preserved, and "might" is never 
used as a synonym for either "may" or "can." 
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Section 4 
Interferences 

4.1 General Introduction 

4.1.1 lnterferences are characteristics of a sediment or 
sediment test system, aside from those related to 
sediment-associated chemicals of concern, that can po- 
tentially affect test organism survival, growth, or repro- 
duction. These interferences can potentially confound 
interpretation of test results in two wavs: (1) false-~ositive 
respbnse, i.e., toxicity is observed in' the teit when 
contamination is not present at concentrations known to 
elicit a response, or there is more toxicity than expected; 
and (2) false-negative response, i.e., no toxicity or 
oioaccumulation is observed when contaminants are 
present at concentrations known to elicit a response, or 
there is less toxicity or bioaccumulation than expected. 

4.1.2 There are three categories of interfering factors that 
can cause false-negative or false-positive responses: 
( I )  those characteristics of sediments affecting survival 
independent of chemical concentration (i.e., 
noncontaminant factors). (2) changes in chemical 
bioavailability as a function of sediment manipulation or 
storage, and(3) the presence of indigenous organisms. 
Althouoh test procedures and test organism selection 
criteria-were developed to minimize these interferences, 
this section describes the nature of these interferences. 

4.1.3 Because of the heterogeneity of natural sediments, 
extrapolation from laboratory studies to the field can 
sometimes be difficult (Table 4.1; Burton, 1991). Sedi- 
ment collection, handling, and storage procedures may 
alter bioavailabilitv and concentration of chemicals of 
concern by changing the physical, chemical, or biological 
characteristics of the sediment. Maintainino the inteoritv 
of a field-collected sediment during remo;al, transiori, 
mixing, storage, and testing is extremely difficult and may 
complicate the interpretation of effects. Direct comoari- 
sons of organisms exposed in the laboratory and in the 
field would be useful to verifv laborat0~ results. However. 
spiked sediment may not 6e represeiltative of contami: 
nated sediment in the field. Mixing time (Stemmer et al., 
1990a), aging (Word et al., 1987; Landrum, 1989; Landrum 
and Faust, 1992) and the chemical form of the material 
can affect responses of test organisms in spiked sedi- 
ment tests. 

4.1.4 Laboratory testing with field-collected sediments 
may be useful in estimating cumulative effects and 
interactions of multiple chemicals in a sample. Tests with 

Table 4.1 	 Advantages and Disadvantages for Use of  
Sedlment Tests' 

Advantages. Sediment tests measure bioavailable fraction of 
contaminant(s). . Sediment tests provide a direct measure of benthic effects. 
assuming no field adaptation or amelioration of effects. . Limited special equipment is required for testing. . Ten-day toxicity test methods are rapid and inexpensive. . Legal and scientific precedence exists for use: ASTM standard 
guides are available. 

. Sediment tests measure uniq.e information relat:ve to 
chemical analyses or oenlhc communty analyses. . Tests with spiked chemicals provide data on cause-effect 
relationships. 

Sediment toxicity tests can be applied to ail chemicals of 
concern. . Tests applied to field samples reflect cumulative effects of 
contaminants and contaminant interactions. 


Toxicity tests are amenable to confirmation with natural 

benthos populations. 


Disadvantages 

Sediment collection, handling, and storage may alter bioavail- 
ability. 

Spiked sediment may not be representative of field contami- 
nated sediment. 

Natural geochemical characteristics of sediment may affect 
the response of test organisms. - Indigenous animals may be present in field-collected sedi- 
ments. 

Route of exposure may be uncertain and data generated in 
sediment toxlcity tests may be difficult to interpret if factors 
controlling the bioavaiiabilily of contaminants in sediment are 
unknown. 

Tests applied to field samples may not discriminate effects of 
individual chemicals. 

Few comparisons have been made of methods or species. 

Only a few chronic methods for measuring sublethal effects 
have been developed or extensively evaluated. 

Laboratoty tests have inherent limitations in predicting 
ecological effects. 

' Modified from Swam (1989) 

field samples usually cannot discriminate between effects 
of individual chemicals. Most sediment samples contain 
a complex matrix of inorganic and organic chemicals with 
many unidentified compounds. The use of Toxicity 



Identification Evaluations (TIE) in conjunction with 
sediment tests with spiked chemicals may provide 
evidence of causal relationships and can be applied to 
many chemicals of concern (Ankley and Thomas, 1992; 
Adams et al., 1985; USEPA, 1996b). Sediment spiking 
can also be used to investigate additive, antagonistic, or 
synergistic effects of specific chemical mixtures in a 
sediment sample (Swartz et al., 1988). 

4.1.5 Spiked sediment may not be representative of 
contaminated sediment in the field. Mixing time (Stemmer 
et al., 1990b) and aging (Word et al., 1987; Landrum, 
1989; and Landrum and Faust, 1992) of spiked sediment 
can affect responses of organisms. 

4.1.6 Most assessments of contaminated sediment rely 
on short-term-lethality testing methods (e.g., 510 d; 
USEPA-USACE. 1977; USEPA-USACE, 1991; Sections 
11 and 12). Short-term-letnality tests are useful in identi- 
fvino "hot s~ots"  of sediment contamination but mav not ~~- ~ ~~~ ~ -
6e sensitiv;~enbugh to evaluate moderately contamikted 
areas. Sediment quality assessments using sublethal 
responses of benthic organisms, such as effects on 
growth and reproduction, have been used to successfully 
evaluate moderately contaminated areas (Scott, 1989; 
Kemble et al., 1994; lngersoll et al., 1998; Sections 14 
and 15). 

4.1.7 Despite the interferences discussed in this section, 
existing sediment test methods that include measure- 
ment of sublethal endpoints may be used to provide a 
rapid and direct measure of effects of contaminants on 
benthic communities (e.g., Canfield et al., 1996). Labora- 
tow tests with field-collected sediment can also be used 
to determine temporal, horizontal, or vertical distribution 
of contaminants in sediment. Most tests can be com- 
pleted within two to four weeks. Legal and scientific 
precedents exist for use of toxicity and bioaccumulation 
tests in regulatory decision-making (e.g., USEPA, 1986a). 
Furthermore, sediment tests with complex contaminant 
mixtures are important tools for making decisions about 
the extent of remedial action for contaminated aauatic 
sites and for evaluating the success of remediation activi- 
ties. 

4.2 Noncontaminant Factors 

4.2.1 Results of sediment tests can be used to predict 
effects that may occur with aquatic organisms in the field 
as a result of exDosure under comoarable conditions. Yet 
motile organisnis might avoid exposure in the field. Pho- 
roinduced toxicity caused by ultraviolet (UV) light may be 
important for some compounds associated with sediment 
(e.g.. polycyclic aromatic hydrocarbons (PAHs); Daven- 
port and Spacie, 1991; Ankley et al., 1994b). Fluorescent 
light does not contain UV light, but natural sunlight does. 
~ightingcan therefore affect toxicological responses and 
is an im~ortant ex~erimental variable for Dhotoactivated 
chemicals. ow ever, lighting typically used to conduct 
laboratory tests does not include the appropriate spec- 

trum of ultraviolet radiation to photoactivate compounds 
(Oris and Giesy, 1985; Ankley et al., 199413). Therefore, 
laboratory tests may not account for toxicity expressed 
by this mode of action. 

4.2.2 Natural geomorphological and physico-chemical 
characteristics such as sediment texture may influence 
the response of test organisms (DeWitt et al., 1988). The 
physico-chemical characteristics of test sediment need 
to be within the tolerance limits of the test organism. 
Ideally, the limits of the test organism should be deter- 
mined in advance; however, control samples reflecting 
differences in factors such as grain size and organic 
carbon can be evaluated if the limits are exceeded in the 
test sediment (Section 10.1). The effects of sediment 
characteristics can also be addressed with regression 
equations (DeWitt et al., 1988: Ankley et al., 1994a). 
Effects of ~hysico-chemical characteristics of sediment 
on test organisms can also be evaluated by using formu- 
lated sediment for testina (Section 7.2: Walsh et al.. 
1991; Suedel and ~ o d ~ e k ,  '1994; ~ e m b i e  et al., 1999): 
See Sections 11.4, 12.4, 13.4, 14.4, and 15.4 for a 
discussion of the relationships between grain size of 
sediment and responses of test organisms. 

4.2.3 A weak relationship was evident between mean 
reproduction of H. azteca in the 42-d test and grain size 
(Section 14.4.3; lngersoll et al., 1998). Additional study is 
needed to better evaluate potential relationships between 
reproduction of H. azteca and the physical characteristics 
of the sediment. The weak relationship between grain 
size of sediment and reproduction may have been due to 
the fact that some of the samples withhigher amounts of 
sand also had higher concentrations of oraanic chemicals 
compared with t h e r  samples (lngersoi et al., 1998). 
Hyalella azteca tolerated a wide range in sediment par- 
ticle size and organic matter in 10- to 28-6 tests measur- 
ing effects on survival or growth (Ankley et al., 1994a; 
Suedel and Rodgers, 1994; lngersoll et al., 1996; lngersoll 
et al., 1998; Kemble et al., 1999; Section 14.4.3). 

4.2.3.1 Until additional studies have been conducted 
which substantiate this lack of a correlation between 
physical characteristics of sediment and reproduction 
measured in the 42-d H azteca test, it w o ~ l d  be desirable 
to test control or reference sediments which are represen- 
tative of the physical characteristics of field-collected 
sediments. Formulated sediments could be used to 
bracket the ranges in physical characteristics expected in 
the field-collected sediments beina evaluated ISection 
7.2). Addition of YCT should proviie a minimitm'amount 
of food needed to support adequate survival, growth, and 
reproduction of H. azleca in sediments low :n organic 
matter (Section 14.2). Without addition of food. H.azleca 
can starve during exposures (McNulty et al.. 1999) mak- 
ing it im~ossible to differentiate effects of chemicals from 
other sediment characteristics. 

4.2.4 Additional potential interferences of tests are de- 
scribed in Sections 11.4, 12.4, 13.4, 14.4, and 15.4. 
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4.3 Changes in Bioavailability 

4.3.1 Sediment toxicity tests are meant to senre as an 
indicator of contaminant-related toxicity that might be 
expected under field or natural conditions. Some studies 
have indicated differences between results of laboratow 
testing and results of field testing of sediments using in 
situ exposures (Sasson-Brickson and Burton, 1991). 

4.3.2 Sediment collection, handling, and storage proce- 
dures mav alter contaminant bioavailabilitv and concen- 
tration bychanging the physical, chemicai, or biological 
characteristics of the sediment. Manipulations such as 
mixing, homogenization, and sieving may temporarily 
disrupt the eqilibrium of organic compounds in sedimeni. 
Similarlv. oxidation of anaerobic sediments increases the 
availabky of certain metals (Di Toro et at., 1990). Be- 
cause the availability of contaminants can be a function 
of the degree of manipulation, this manual recommends 
that handing, storage;and preparation of the sediment for 
testing be as consistent as possible. If sieving is per- 
formed, it is done primarily to remove predatory organ- 
isms and large debris. This manipulation most likely 
results in a worst-case condition of heightened bioavail- 
ability yet eliminates predation as a factor that might 
confound test results. When sediments are sieved, it may 
be desirable to take samples before and after sieving 
(e.g.. pore-water metals or DOC, AVS, TOC) to document 
the influence of sieving on sediment chemistry. USEPA 
does not recommend sieving freshwater sediments on a 
routine basis. See USEPA (1999) and ASTM (1999b). 

4.3.3 Testing sediments at temperatures different from 
the field miaht affect contaminant solubilitv. oartitionina 
coefficients:or other physical and chemical'dharacteri< 
tics. Interaction between sediment and overlying water 
and the ratio of sediment to overlying water can influence 
bioavailability (Stemmer et al.. 1990b). 

4.3.4 The addition of food, water, or solvents to the test 
chambers might obscure the bioavailability of contami- 
nants in sediment or might provide a substrate for bacte- 
rial or fungal growth (Harkey et al., 1997). Without addition 
of food, the test organisms may starve during exposures 
(Anklev et al.. 1994a: McNultv et al.. 1999). However. the 
additidn of food mayalter the availability bf the contami- 
nants in the sediment (Wiederholm et al., 1987, Harkey et 
al.. 1994) depending on the amount of food added. its 
composiiion (e.g., TOC), and the chemical(s) of interest. 

4.3.5 Depletion of aqueous and sediment-sorbed con- 
taminants resulting from uptake by an organism or 
absorption to a test chamber can also influence availabil- 
ity. In most cases, the organism is a minor sink for 
contaminants relative to the sediment. However, within 
the burrow of an organism, sediment desorption kinetics 
might limit uptake rites. Within minutes to hours, a major 
portion of the total chemical can be inaccessible to the 
organisms because of depletion of available residues. 
he desorption of a compound from sediment 

mav range from easilv reversible (labile: within minutes) 
to irreversible (non-labile; within dais or months; ~arickhoff 
and Morris. 1985). lnteroarticle diffusion or advection and 
the quality and duantity of sediment organic carbon can 
also affect sorption kinetics. 

4.3.6 The route of exposure may be uncertain, and data 
from sediment tests may be difficult to interpret if factors 
controlling the bioavailabilitv of contaminants in sediment 
are unknown. ~ulk-sedimeni chemical concentrations may 
be normalized to factors other than dry weight. For ex- 
ample, concentrations of nonionic organic compounds 
might be normalized to sediment organic-carbon content 
(USEPA, 1992c) and certain metals normalized to acid 
volatile sulfides (Di Toro et al., 1990). Even with the 
appropriate normalizing factors, determination of toxic 
effects from ingestion of sediment or from dissolved 
chemicals in the interstitial water can still be difficult 
(Lamberson and Swartz, 1988). 

4.4 Presence of lndigenous Organisms 

4.4.1 lndigenous organisms may be present in 
field-collected sediments. An abundance of the same 
organism or organisms taxonomically similar to the test 
organism in the sediment sample may make interpreta- 
tion of treatment effects difficult. For example, growth of 
amphipods, midges, or mayflies may be reduced if high 
numbers of oligochaetes are in a sediment sample 
(Reynoldson et al., 1994). Previous investigators have 
inhibited the biological activity of sediment with sieving, 
heat, mercuric chloride, antibiotics, or gamma irradiation 
(see ASTM, 1999b). However, further research is needed 
to determine effects on contaminant bioavailability or 
other modifications of sediments from treatments such as 
those used to remove or destroy indigenous organisms. 



Section 5 

Health, Safety, and Waste Management 


5.1 	 General Precautions 

5.1.1 Development and maintenance of an effective 
health and safety program in the laboratory requires an 
ongoing commitment by laboratory management and in- 
cludes (1) the appointment of a laboratory health and 
safety officer with the responsibility and authority to de- 
velop and maintain a safetv Droaram. 12) the meparation , .  -
of a'formal written health and safety plan, vdhich is pro- 
vided to each laboratory staff member, (3) an ongoing 
training program on laboratory safety, and (4) regular 
safety inspections. 

5.1.2 This manual addresses procedures that may in- 
volve hazardous materials, operations, and equipment, 
but it does not purport to address all of the safety prob- 
lems associated with their use. It is the responsibilitv of 
the user to establish appropriate safety andhealth prac- 
tices, and determine the applicabilitv of reau la to~ limita-
tions'before use. While some safeiy conGderatibns are 
included in this manual, it is beyond the scope of this 
manual to encompass all safetv reauirements necessarv . . 
to conduct sediment tests. 

5.1.3 Collection and use of sediment may involve sub- 
stantial risks to personal safety and health. Contaminants 
in field-collected sediment may include carcinogens, mu- 
tagens, and other potentially toxic compounds. Inasmuch 
as sediment testing is often begun before chemical analy- 
ses can be completed, worker contact with sediment 
needs to be minimized by (1) using gloves, laboratory 
coats, safety glasses, face shields, and respirators as 
appropriate, (2) manipulating sediment under a ventilated 
hood or in an enclosed glove box, and (3) enclosing and 
ventilating the exposure system. Personnel collecting 
sediment samples and conducting tests should take all 
safety precautions necessary for the prevention of bodily 
injury and illness that might result from ingestion or 
invasion of infectious agents, inhalation or absorption of 
corrosive or toxic substances through skin contact, and 
asphyxiation because of lack of oxygen or presence of 
noxious gases. 

5.1.4 Before beginning sample collection and laboratorv 
worlc, personnelshould determine that all required safety 
eauipment and materials have been obtained and are in 
good condition. 

5.2 	 Safety Equipment 

5.2.1 	 Personal Safety Gear 

5.2.1.1 Personnel should use appropriate safety equip- 
ment, such as rubber aprons, laboratory coats, respira- 
tors, gloves, safety glasses, face shields, hard hats, and 
safety shoes. 

5.2.2 	 Laboratory Safety Equipment 

5.2.2.1 Each laboratory should be provided with safety 
equipment such as first aid kits, fire extinguishers, fire 
blankets, emergency showers, and eye wash stations. 

5.2.2.2 All laboratories should be equipped with a tele- 
phone to enable personnel to summon help in case of 
emergency. 

5.3 	 General Laboratory and Field 
Operations 

5.3.1 Laboratory personnel should be trained in proper 
practices for handling and using chemicals that are en- 
countered during procedures described in this manual. 
Routinely encountered chemicals include acids, organic 
solvents, and standard materials for reference-toxicity 
tests. Special handling and precautionary guidance in 
Material Safety Data Sheets should be followed for re- 
agents and other chemicals purchased from supply houses. 

5.3.2 Work with some sediment may require compliance 
with rules pertaining to the handling of hazardous materi- 
als. Personnel collecting samples and performing tests 
should not work alone. 

5.3.3 It is advisable to wash exposed parts of the body 
with bactericidal soap and water immediately after collect- 
ing or manipulating sediment samples. 

5.3.4 Strong acids and volatile organic solvents should 
be used in a fume hood or under an exhaust canopy over 
the work area. 

5.3.5 An acidic solution should not be mixed with a 
hypochlorite solution because hazardous vapors might be 
produced. 



5.3.6 To prepare dilute acid solutions, concentrated acid 
should be added to water, not vice versa. Opening a bottle 
of concentrated acid and adding concentrated acid to 
water should be performed only Gder a fume hood. 

5.3.7 Use of ground-fault systems and leak detectors is 
strongly recommended to help prevent electrical shocks. 
Electrical equlpment or extension cords not bearing the 
approval of Underwriter Laboratories should not be used. 
Ground-fault interrupters should be installed in all %el' 
laboratories where electrical equipment is used. 

5.3.8 All containers should be adequately labeled to 
identify their contents. 

5.3.9 Good housekeeping contributes to safety and 
reliable results. 

5.4 	 Disease Prevention 

5.4.1 Personnel handling samples that are known or 
suspected to contain human wastes should be given the 
opportunity to be immunized against hepatitis B, tetanus, 
typhoid fever, and polio. Thorough washing of exposed 
skin with bactericidal soap should follow handling these 
samples. 

5.5 	 Safety Manuals 

5.5.1 For further guidance on safe practices when han- 
dling sediment samples and conducting toxicity tests, 
check with the permittee and consult general industrial 
safety manuals including USEPA (1986b) and Walters 
and Jameson (1964). 

5.6 	 Pollution Prevention, Waste Manage- 
ment, and Sample Disposal 

5.6.1 It is the laboratoly's responsibility to comply with 
the federal, state, and local regulations governing the 
waste management, particularly hazardous waste identifi- 
cation rules and land disposal restrictions, and to protect 
the air, water and land by minimizing and controlling all 
releases from fume hoods and bench operations. Also, 
compliance is required with any sewage discharge per- 
mits and regulations. For further information on waste 
management, consult The Waste Management Manual 
for Laboratory Personnel" available from the American 
Chemical Society's Department of Government Relations 
and Science Policy, 1155 16th Street N.W., Washington. 
D.C. 20036. 

5.6.2 Guidelines for the handling and disposal of hazard- 
ous materials should be strictly followed. The federal 
government has published regulations for the manage- 
ment of hazardous waste and has aiven the states the 
option of either adopting those regulations or developing 
their own. Ifstates develop their own regulations, they are 
required to be at least as stringent as the federal reaula- 
tions. As a handler of hazardous materials, it 7s a 
laboratory's responsibility to know and comply with the 
applicable state regulations. Refer to The Bureau of 
National Affairs Inc., (1966) for the citations of the federal 
requirements. 

5.6.3 Substitution of nonhazardous chemicals and re- 
agents should be encouraged and investigated whenever 
possible. For example, use of a nonhazardous compound 
for a positive control in reference-toxicity tests is advis- 
able. Reference-toxicity tests with copper can provide 
appropriate toxicity at concentrations below regulated 
levels. 



Section 6 

Facilities, Equipment, and Supplies 


6.1 General 

6.1.1 Before a sediment test is conducted in any test 
facility, it is desirable to conduct a "nontoxicant" test with 
eachtest species in which all test chambers contain a 
control sediment (sometimes called the negative control) 
and clean overlyiiig water. Survival, growtti, or reproduc': 
tion of the test organisms will demonstrate whetherfacili- 
ties, water, control sediment, and handling techniaues are 
adequate to result in acceptable specie~specific control 
numbers. Evaluations may also be made on the magni- 
tude of between-chamber variance in a test. See 
Section 9.14. 

6.2 Facilities 

6.2.1 The facility must include separate areas for cuitur- 
ing test organisms and sediment testing to reduce the 
possibility of contamination by test materials and other 
substances, especially volatile compounds. Holding, ac- 
climation, and culture chambers should not be in a room 
where sediment tests are conducted, stock solutions or 
sediments are prepared, or equipment is cleaned. Test 
chambers may be placed in a temperature-controlled 
recirculating water bath, environmental chamber, or eauiva- 
lent facility-with temperature control. An enclosed test 
system is desirable to provide ventilation during tests to 
limit exposdre of laboratory personnel to volatile sub- 
stances. 

6.2.2 Light of the quality and luminance normally ob- 
tained in the laboratory is adequate (about 100 to 1000 lux 
using wide-spectrum fluorescent lights; e.g., cool-white or 
daylight) has been used successfully to culture and test 
organisms. Lux is the unit selected for reporting lumi- 
nance in this manual. Multiply units of lux by 0.093 to 
convert to units of foot candles. Multiply units of lux by 
6.91 x 10" to convert to units of pElm2/s (assuming an 
average wavelength of 550 nm (pmol" s-' =W m x h[nrn] 
x 8.36 x Iw3); ASTM, 19999). Luminance should be 
measured at the surface of the water in test chambers. A 
uniform photoperiod of 16L:ED can be achieved in the 
laboratory or in an environmental chamber using auto- 
matic timers. 

6.2.3 During phases of rearing, holding, and testing, test 
organisms should be shielded from external disturbances 
such as rapidly changing light or pedestrian traffic. 

6.2.4 The test facility should be well ventilated and free of 
fumes. Laboratory ventilation systems should be checked 
to ensure that return air from chemistry laboratories or 
sample handling areas is not circulated to culture or 
testing rooms, or that air from testing rooms does not 
contaminate culture rooms. Air pressure d:fferentials 
between rooms should not result in a net flow of poten- 
tially contaminated air to sensitive areas through open or 
loose-fitting doors. Air used for aeration must be free of 
oil and fumes. Oil-free air pumps should be used where 
possible. Filters to remove oil, water, and bacteria are 
desirable. Particles can be removed from the air using 
filters such as BALSTONB Grade BX (Balston, lnc:, 
Lexington, MA) or equivalent, and oil and other organic 
vapors can be removed using activated carbon filters 
(e.g., BALSTONa C-I filter), or equivalent. 

6.3 Equipment and Supplies 

6.3.1 Equipment and supplies that contact stock solu- 
tions, sediment, or overlying water should not contain 
substances that can be leached or dissolved in amounts 
that adversely affect the test organisms. In addition, 
equipment and supplies that contact sediment or water 
should be chosen to minimize sorotion of test materials 
from water. Glass, type 316 siainless steel, nylon, 
nigh-density poiyernylene, polypropylene, polycarbonate, 
and fluorocarbon plastics should be used whenever DOS-
sible to minimize leaching, dissolution, and sorption. con- 
crete and high-density plasticcontainers may be used for 
holding and culture chambers, and in the water-supply 
system. These materials should be washed in detergent, 
acid rinsed, and soaked in flowing water for a week or 
more before use. Cast-iron pipe should not be used in 
water-supply systems because colloidal iron will be added 
to the dverlying water and strainers will be needed to 
remove rust particles. Copper, brass, lead, galvanized 
metal, and natural rubber must not contact overlying 
water or stock solutions before or during a test. Items 
made of neoprene rubber and other materials not men- 
tioned above should not be used unless it has been 
shown that their use will not adversely affect survival, 
growth, or reproduction of the test organisms. 

6.3.2 New lots of plastic products should be tested for 
toxicity by exposing organisms to them under ordinary 
test conditions before general use. 



6.3.3 General Equipment 

6.3.3.1 Environmental chamber or equivalent facility with 
photoperiod and temperature control (20°C to 25%). 

6.3.3.2 Water purification system capable of producing at 
least 1 mega-ohm water (USEPA, 1991a). 

6.3.3.3 Analytical balance capable of accurately weigh- 
iog to 0.01 mg. 

6.3.3.4 Reference weights. Class S-for documenting 
the oerformance ofthe analvtical balance(s). The balanceb) 
should be checked with raerence weighis that are at the 
upper and lower ends ofthe range ofthe weighings made 
when the balance is used. A balance should be checked 
at the beginning of each series of weighings, periodically 
(such as every tenth weight) during a long series of 
weighings, and after taking the last weight of a series. 

6.3.3.5 Volumetric flasks and graduated cylinders-- 
Class A, borosilicate glass or nontoxic plastic labware, 
10 to 1000 mL for making test solutions. 

6.3.3.6 Volumetric pipets-Class A, 1 to 100 mL. 

6.3.3.7 Serological pipets-I to 10 mL, graduated 

6.3.3.8 Pipet bulbs and fillers-PROPIPET@ or equiva- 
lent. 

6.3.3.9 Droppers, and glass tubing with fire polished 
edges, 4- to 6-mm ID-for transferring test organisms. 

6.3.3.10 Wash bottles-for rinsing small glassware, in- 
strument electrodes and probes. 

6.3,3.11 Glass or electronic thermometers-for measur-
ing water temperature. 

6.3.3.12 National Bureau of Standards Certified ther- 
mometer (see USEPA Method 170.1 ; USEPA, 1979b). 

6.3.3.13 Dissolved oxygen (DO), pH1selective ion, and 
specific conductivity meters and probes for routine physi- 
cal and chemical measurements are needed. Unless a 
test is being conducted to specifically measure the effect 
of DO or conductivity, a portable field-grade instrument is 
acceptable. 

6.3.3.14 See Table 6.1 for a list of additional equipment 
and supplies. Appendix C outlines additional equipment 
and suwolies needed for conductina the lona-term exoo- " -
sures wih  C. tentans. 

6.3.4 Water-delivery System 

6.3.4.1 The water-delivery system used in water-renewal 
testing can be one of several designs (Appendix A). The 
system should be capable of delivering water to each 
replicate test chamber. Mount and Brungs (1967) diluters 
have been successfully modified for sediment testing. 

Other diluter systems have also been useful (Ingersoll 
and Nelson, 1990; Maki. 1977; Benoitetal.. 1993;Zumwalt 
et al., 1994; Brunson et al.. 1998). The water-delivery 
system should be calibrated before the test by determin- 
ing the flow rate of the overlying water. The general 
operation of the system should be visually checked daily 
throughout the length of the test. If necessary, the 
water-delivery system should be adjusted during the test. 
At any particular time during the test, flow rates through 
any two test chambers should not differ by more than 10%. 

6.3.4.2 The overlying water can be replaced manually 
fe.a.. siwhonina): however, manual svstems take more - .  . 
iime to maintsn during a test. In addition, automated 
systems generally result in less suspension of sediment 
compared to manual renewal. 

6.3.5 Test Chambers 

6.3.5.1 Test chambers may be constructed in several 
ways and of various materials, depending on the experi- 
mental design and the contaminants of interest. Clear 
silicone adhesives, suitable for aquaria, sorb some or- 
ganic compounds that might be difficult to remove. There- 
fore, as little adhesive as possible should be in contact 
with the test material. Extra beads of adhesive should be 
on the outside of the test chambers rather than on the 
inside. To leach potentially toxic compounds from the 
adhesive, all new test chambers constructed using sili- 
cone adhesives should be held at least 48 h in overlying 
water before use in a test. 

6.3.5.2 Test chambers for specific tests are described in 
Sections 11, 12, 13, 14, and 15. 

6.3.6 Cleaning 

6.3.6.1 All nondisposable sample containers, test cham- 
bers, and other equipment that have come in contact with 
sediment should be washed after use in the manner 
described below to remove surface contaminants. 

1. Soak 15 min in tap water and scrub with detergent, or 
clean in an automatic dishwasher. 

2. Rinse twice with tap water. 

3. Carefully rinse once with fresh. dilute (10%. V:V) 
hydrochloric or nitric acid to remove scale, metals, 
and bases. To prepare a 10% solution of acid, add 
10 mL of concentrated acid to 90 mL of deionized 
water. 

4. Rinse twice with deionized water. 

5. Rinse once with full-strength, pesticide-grade acetone 
to remove organic compounds (use a fume hood or 
canopy). Hexane might also be used as a solvent for 
removing nonionic organic compounds. However. 
acetone is preferable if only one organic solvent is 
used to clean equipment. 

6. Rinse three times with deionized water. 



Table 6.1 Equlpment and Supplles for Culturing and Testing Specific Test Organisms' 

C. 	 Instruments and Equlpment 
Blender-	 ~-~ 

Brood stock of test organisms Refrigerator 

Active dry yeast (HA) Freezer 

Cerophyie (dried cereal leaves; HA) Light box 

Trout food pellets (HA) Hemacyiometer (HA) 

Tetraflne or Tetramim goldfish food (CT) Paper shredder, cutter, or scissors (CT. LV) 

Trout starter (LV) Tissue homogenizer (LV) 

Helisoma sp. snails (optional; LV) Electric drill with stainless steel auger (diameter 7.6 cm, 

Algae ( e g .  Selenestrum cepncomutum. Chlorella: CT) overall length 38 cm. auger bit length 25.4 cm (Section 8.3) 

Diatoms (eg.. Navjcula sp; HA) 


D. 	 Miscellaneous 
6. 	 Glassware 


Ventilation system for test chambers 

Culture chambers Air supply and airstones (oil free and regulated) 

Test chambers (300-mL high-form lipless beaker; HA and CT) Cotton surgical gauze or cheese cloth (HA) 

Test chambers (15.8- x 29.3- x 11.7-cm. W x L x H; LV) Stainless-steel screen (no. 60 mesh, for test chambers) 

Juvenile holding beakers (e.g., 1 L; HA) 	 Glass hole-cutting bits 

Crystallizing dishes or beakers (200 to 300 mL: CT) Silicon adhesive caulking 

Erlenmever flasks 1250 and 500 mL: CTI Plastic mesh ( I l O y m  mesh opening; Nyiex@ 110; HA) 

Larva rear ng chaibers (e g . 19 L capicfty. CT) Aluminum weighing pans (Sigma Chemical Co.. St. Louis. MO) 

114' glass tubing (tor asplratng flask, CT) Fluorescent light bulbs 

Glass bowls (20-cm diameter . LVI. Naigene bottles (500 mL and 1000 mL for food preparation and 

Glass vials ( I b m k  LV) storage) 

Wide-bore pipets (4- to 6-mm ID) Deionized water 

Glass disposable pipets Air line tubing 

Burettes (for hardness and alkalinity determinations) White plastic dish pan 

Graduated cylinders (assorted sizes. 10 mL to 2 L) 'Coiled-web material" (3-M. St. Paul, MN: HA) 


White paper toweling (for substrate; CT) 
C. 	 Instruments and Equlpment Brown paper toweling (for substrate; LV) 

Screening material (0.g.. Nitex@ (110 mesh), window screen, 
Dissecting microscope or panty hose; CT) 
Stainless-steel sieves (e.g., U.S. Standard No. 25. 30 Water squill bottle 

35. 40. 50 mesh) 	 Dissecting probes (LV) 
Delivery system for overlying water (See Appendix B for a Dental picks (LV) 

listing of equipment needed for water delivery systems) Shallow pans (plastic (light-colored), glass, stainless steel) 

Photoperiod timers 

Light meter E. Chemicals 

Temperature controllers 

Thermometer Detergent (nonphosphate) 

Continuous recording thermometers Acetone (reagent grade) 

Dissolved oxygen meter Hexane (reagent grade) 

pH meter Hydrochloric acid (reagent grade) 

Ion-specific meter Chloroform and methanol (LV) 

Ammonia electrode (or ammonia test kit) Copper Sulfate, Potassium Chloride 

Specific-wnductance meter Reagents for reconstituting water 

Drying oven Formaiin (or Notom) 

Desiccator Sucrose 

Balance (0.01 mg sensitivity) 


HA = Hyalella azfeca 
CT = Chirunomus tentans 
LV = Lumbricuius variegatus 
' Appendix C outlines additional equipment and supplies for the long-term exposures with C. tentans. 

6.3.6.2 All test chambers and equipment should be organic solvent and the acid (see ASTM, 1999e), but the 
thoroughly rinsed or soaked with the dilution water imme- solution might attack silicone adhesive and leave chro- 
diately before use in a test. mium residues on glass. An alternative to use of 

dichromate-sulfuric acid could be to heat glassware for 
6.3.6.3 Many organic solvents (e.g., methyiene chloride) 8h at 450'C. 
leave a film that is insoluble in water. A dichromate-sulfuric 
acid cleaning solution can be used in place of both the 



Section 7 

Water, Formulated Sediment, Reagents, and Standards 


7.1 Water 

7.1.1 Requirements 

7.1.I.IWater used to test and culture organisms should 
be uniform in quality. Acceptable water should allow 
satisfactory survival, growth, or reproduction of the test 
organisms. Test organisms should not show signs of 
disease or apparent stress (e.g., discoloration, unusual 
behavior). If problems are observed in the culturing or 
testing of organisms, it is desirable to evaluate the char- 
acteristics of the water. See USEPA (1991a) and ASTM 
(1999a) for a recommended list of chemical analyses of 
the water supply. 

7.1.2 Source 

7.1.2.1 A natural water is considered to be of uniform 
quality if monthly ranges of the hardness, alkalinity, and 
specific conductance are less than 10% of their respec- 
tive averages and if the monthly range of pH is less than 
0.4. Natural waters should be obtained from an uncon- 
taminated well or spring, if possible, or from a surface-water 
source. If surface water is used, the intake should be 
positioned to (1) minimize fluctuations in quality and 
contamination, (2) maximize the concentration of dis- 
solved oxygen, and (3) ensure low concentrations of 
sulfide and iron. Municipal water supplies may be variable 
and may contain unacceptably high concentrations of 
materials such as copper, lead, zinc, fluoride, chlorine, or 
chloramines. Chlorinated water should not be used for 
culturing or testing because residual chlorine and 
chlorine-produced oxidants are toxic to many aquatic 
organisms. Use of tap water is discouraged unless it is 
dechlorinated and passed throuah a deionizer and carbon -
filter (USEPA, 199ia). 

7.1.2.2 For site-specific investigations, it is desirable to 
have the water-quality characteristics of the Overlying 
water as similar as possible to the site water. For Certain 
applications the experimental design might require use of 
water from the site where sediment is collected. 

7.12.3 Water that might be contaminated with facultative 
pathogens may be passed through a properly maintained 
ultraviolet sterilizer equipped with an intensity meter and 
flow controls or passed through a filter with abore size of 
0.45 pm or less. 

7.1.2.4 Water might need aeration using air stones, 
surface aerators, o; column aerators. ~deqGate aeration 
will stabilize DH. brina concentrations of dissolved oxvaen 
and other gases int; equilibrium with air, and minfsze 
oxygen demand and concentrations of volatiles. Exces- 
sive aeration mav reduce hardness and alkalinitv of hard 
water (e.g., 280 m g / ~  hardness as CaCO,; E.L. Brunson, 
USGS, Columbia, MO, personal commun~cation). The 
concentration of dissolved oxygen in source water should 
be between 90 to 100% saturation to help ensure that 
dissolved oxygen concentrations are acceptable in test 
chambers. 

7.1.3 Reconstituted Water 

7.1.3.1 Ideally, reconstituted water should be prepared by 
adding specified amounts of reagent-grade chemicals to 
hiah-puritv distilled or deionized water (ASTM, 1999e; 
USEPA, 'i991a). Problems have been observed with use 
of reconstituted water in long-term exposures with 
H. azteca (Section 7.1.3.4.3). In some applications, 
acceptable high-purity water can be prepared using deion- 
ization, distillation, or reverse-osmosis units (Section 
6.3.3.2; USEPA, 1991a). In some applications, test water 
can be prepared by diluting natural water with deionized 
water (Kemble et al., 1994) or by adding salts to relatively 
dilute natural waters. 

7.1.3.2 Deionized water should be obtained from a sys- 
tem capable of producing at least 1 mega-ohm water. If 
large quantities of high quality deionized water are needed, 
it may be advisable to supply the laboratory grade water 
deionizer with preconditidned water fromaimixed-bed 
water treatment svstem. Some investigators have ob- 
served that holding reconstituted wate; prepared from 
deionized water for several davs before use in sediment 
tests may improve performance of test organisms. 

7.1.3.3 Conduktivity, pH, hardness, dissolved oxygen. 
and alkalinity should be measured on each batch of 
reconstituted water. The reconstituted water should be 
aerated before use to adiust DH and dissolved oxvaen to 
the acceptable ranges (e.g..'~ection 7.1.3.4.1). USEPA 
(1991a) recommends using a batch of reconstituted water 
for two weeks. 



7.1.3.4 Reconstltuted Fresh Water (Smith et al., 1997) 

7.1.3.4.1 To prepare 100 L of reconstituted fresh water, 
use the reagent-grade chemicals as follows: 

1. Place about 75 L of deionized water in a properly 
cleaned container. 

2. Add 5 g of CaSO, and 5 g of CaCI, to a 2-L aliquot of 
deionized water and mix (e.g., on a stir plate) for 30 
min or until the salts dissolve. 

3. Add 3 g of MgSO,, 	 9.6 g NaHCO,, and 0.4 g KC1 to a 
second 2-L aliquot of deionized water and mix on a 
stir plate for 30 min. 

4. Pour the two 2-L aliquots containing the dissolved 
salts into the 75 L of deionized water and fill the 
carboy to 100 L with deionized water. 

5. ~ e r a t ethe mixture for at least 24 h before use. 

6. 	The water quality of the reconstituted water should be 
approximately the following: hardness, 90 to 100 mglL 
as CaCO,, alkalinity 50 to 70 mg/L as CaCO,, con-
ductivity 330 to 360 mSIcm, and pH 7.8 to 8.2. 

7.1.3.4.2 This reconstituted fresh water (reformulated 
moderately hard reconstituted water) described by Smith 
et al. (1997) and described in the first edition of this 
manual (USEPA, 1994a) has been used successfully in 
10-d round-robin testlng with H. azteca, C. tentans, and 
C. riparius (Section 17). This reconstituted water has a 
higher proportion of chloride to sulfate compared to the 
reconstituted waters described in ASTM (1999e) and 
USEPA (199la). 

7.1.3.4.3 McNulty et al. (1999) and Kemble et al. (1998. 
1999) observed poor survival of H. azteca in tests con- 
ducted 14 to 28 d using a variety of reconstituted waters 
tncluding the reconstituted water described by Smith et al. 
(1997). ~ o r ~ m a n n  (1996) described a reconstituted water 
that was~-~-~~ used successfuiiv to maintain H. azteca in 
culture; however: &me labhratories have not had suc- 
cess with reproduction of the H. azteca when using this 
reconstituted water in the 42-4 test (T.J. Norberg-King. 
USEPA, Duluth, MN, personal communication). Research 
is ongoing to develop additional types of reconstituted 
waters suitable for H, azteca. Until an acceptable recon- 
stituted water has been developed for long-term expo- 
sures with H. azteca, a natural water demonstrated to 
support adequate survival, growth, and reproduction of 
amphipods is recommended for use in long-term H. az-
teca exposures (Section 14.2; lngersoll et at., 1998; 
Kemble et al., 1998, 1999). 

~ 

7.1.3.5 Svnthetlc Seawater 

7.1.3.5.1 Reconstituted salt water can be prepared by 

adding sea as FATH-
OMS@, HW MARINEMIX@, INSTANTOCEAN@, Or 
eauivaient to deionized water. 

7.1.3.5.2 A synthetic seawater formulation called GP2 is 
prepared with reagent grade chemicals that can be diluted 
with deionized water to the desired salinity (USEPA, 
1994d). 

7.1.3.5.3 lngersoll et al. (1992) describe procedures for 
culturing H. azteca at salinities up to 15 %o. Reconstituted 
salt water was prepared by adding INSTANT OCEAN@ 
salts to a 25:75 (vlv) mixture of freshwater (hardness 
283 mg/L as CaCOJ and deionized water that was held at 
least two weeks before use. Synthetic seawater was 
conditioned by adding 6.2 mL of Frit-zyme@ #9 nitrifying 
bacteria (Nitromonas sp. and Nitrobactersp.; Fritz Chemi- 
cal Company, Dallas, TX) to each liter of water. The 
cultures were maintained by using renewal procedures; 
25% of the culture water was replaced weekly. Hyalella 
azteca have been used to evaluate the toxicity of estua- 
rine sediments up to 15 %O salinity in 10-d exposures 
(Nebeker and Miller, 1988; Roach et al., 1992; Winger et 
al., 1993; lngersoll et al., 1996). 

7.2 Formulated Sediment 

7.2.1 General Requirements 

7.2.1.1 Formulated sediments are mixtures of materials 
that mimic the physical components of natural sedi- 
ments. Formulated sediments have not been routinely 
applied to evaluate sediment contamination. A primaty 
use of formulated sediment could be as a control sedi- 
ment. Formulated sediments allow for standardization of 
sediment testing or provide a basis for conducting sedi- 
ment research. Formulated sediment provides a basis by 
which any testing program can assess the acceptability 
of their procedures and facilities. In addition, formulated 
sediment provides a consistent measure evaluating 
performance-based criteria necessaty for test acceptabii- 
ity. The use of formulated sediment eliminates interler- 
ences caused by the presence of indigenous organisms. 
For toxicity tests with sediments spiked with specific 
chemicals, the use of a formulated sediment eliminates or 
controls the variation in sediment physico-cnemical char- 
acteristics and DrOVideS a consistent method for evaiuat- 
ing the fate of cllemicais in sediment. See USEPA (1999) 
and ASTM (1999b) for additional detail regarding uses of 
formulated sediment. 

7.2.1.2 A formulated sediment should (1) support the 
survival, growth, or reproduction of a variety of benthic 
invertebrates, (2) provide consistent acceptable biological 
endpoints for a variety of species, and (3) be composed of 
materials that have consistent characteristics. Consis- 
tent material characteristics include (1) consistency of 
materials from batch to batch, (2) contaminant concentra- 
tions below concentrations of concern, and (3) availability 
to all individuals and facilities (Kemble et al., 1999). 

7.2.1.3 Physico-chemical characteristics that might be 
considered when evaluating the appropriateness of a 
formulated sediment include percent sand, percent clay, 
percent silt, organic carbon content, cation exchange 



capacity (CEC), oxidation reduction potential (redox), pH, 
and carbon:nitrogen:phosphorusratios. 

7.2.2 Sources of Materials 

7.2.2.1 A variety of methods describe procedures for 
making formulated sediments. These procedures often 
use similar constituents; however, they oflen include 
either a component or a formulation step that would result 
in variation from test facility to test facility. In addition, 
most of the procedures have not been subjected to stan- 
dardization and consensus approval or round-robin (ring) 
testing. The procedure outlined by Kemble et al. (1999) 
below was evaluated in round-robin testing with Hyalella 
azteca and Chironomus tentans (Section 17.6). 

7.2.2.2 Most formulated sediments include sand and 
claylsilt that meet certain specifications; however, some 
mav be auite different. For exam~le, three sources of clav 
and silt 'include Attagel@ 50, ASP@ 400, and ASP^ 
400P. Table 7.1 summarizes the characteristics of these 
materials. The percentage of clay ranges from 56.5 to 
88.5 and silt ranges from 11.5 to 43.5. These characteris- 
tics should be evaluated when considering the materials 
to use in a formulated sediment. 

Table 7.1 	 Characterlstlcs of Three Sources of Clays and 
Silts Used In Formulated Sediments 

Characteristic Attagel@50 ASPB400 ASP@4OOP 

% Sand 0.0 0.01 0.0 
% Clay 
% Sllt 

88.50 
11.50 

68.49 
31.50 

56.50 
43.50 

soil class Clay Clay Silty clay 

Note' Table 7.3 lists suppliers for these materials. 

7.2.2.3 A critical component of formulated sediment is 
the source of oraanic carbon. Manv Drocedures have 
used peat as the source of organic caibon. Other sources 
of oroanic carbon listed in Table 7.2 have been evaluated 
inclu;ding humus, potting soil, maple leaves, composted 

Table 7.2. 	 Carbon. Nitrogen, Phosphorus Levels for 
Varlous Sources of Organic Carbon (Kemble et 
al.. 1998a) 

Organic carbon Carbon Nitrogen Phosphorus 
Source (%) (mglg) (Pels) 

Peat 47 4 0.4 
Maple leaves 1 42 6 1.3 
Maple leaves 2 47 3 1.7 
Cow manure 30 11 8.2 
Rabblt chow 40 18 0.2 
Humic acid 40 3 ND' 
Cereal leaves 47 4 0.4 
Chiorella 40 41 5.7 
Tmut chow 43 36 f j . 0  
TetraminB 37 45 9.6 
TetraflnB 36 29 8.6 
Alpha cellulose 30 0.7 ND 

' Not' detected 

cow manure, rabbit chow, cereal leaves, chlorella, trout 
chow, TetraminB, Tetrafin@, and alpha cellulose. Only 
peat, humus, potting soil, composted cow manure, and 
alpha cellulose have been used successfully without 
fouling the overlying water in sediment testing (Kemble et 
al.. 1999). The other sources of organic carbon listed in 
Table 7.2 caused dissolved oxygen concentrations to fall 
to unacceptable levels (Kemble et al., 1999). Kemble et 
al. (1999) reported that conditioning of formulated sedi- 
ment was not necessary when alpha cellulose was used 
as a source of organic carbon to prepare sediment for use 
as a negative control. In addition, alpha cellulose is a 
consistent source of organic carbon that is relatively 
biologically inactive and low in concentrations of chemi- 
cals of concern. It is one of three forms of cellulose 
(alpha, beta, and gamma) that differ in their degree of 
polymerization. Alpha cellulose has the highest degree of 
polymerization and is the chief constituent of paper pulp. 
The beta and gamma forms have a much lower degree of 
polymerization and are known as hemiceliulose. Hence, 
compared with other sources of organic carbon, alpha 
cellulose would not serve as a food source, but would 
serve as an organic carbon constituent for sediment to 
add texture or to provide a partitioning compartment for 
chemicals. Using alpha cellulose as a source of organic 
carbon for sediment-spiking studies has not been ad- 
equately evaluated. Recent work conducted by J. Besser 
(USGS, Columbia, MO, unpublished data) indicated that 
using alpha cellulose as a source or organic carbon in 21- 
d studies resulted in some generation of sulfide in the 
pore water, which may affect the bioavailability of metals 
spiked in sediment. 

7.2.2.4 An important consideration in the selection of an 
organic carbon source may be the ratio of carbon to 
nitrogen to phosphorus. As demonstrated in Table 7.2, 
percentage carbon ranged from 30 to 47, nitrogen ranged 
from 0.7 to 45 mglg, and phosphorus ranged from below 
detection to 11 vglg for several different carbon sources. 
These characteristics should be evaluated when consid- 
ering the materials to use in a formulated sediment. 

7.2.3 Procedure 

7.2.3.1 A summary of various procedures that have been 
used to formulate sediment are listed below. Suo~liers of 
various components are listed in Table 7.3. 

1. Walsh et al. (1981): (1) Wash sand (Mystic White No. 
85,45, and 18-New England Silica Inc.; Note: Mys- 
tic White sands are no lonaer available. Kemble et al. 
(1999) found White ~ u a r G  sand to be an acceptable 
substitute: Table 7.3) and sieve into three arain sizes: ~ ~ * -~-

coarse (500 to 1500mm); medium (250 to 499 mm); 
and fine (63 to 249 mm). (2) Obtain clay and silt from 
Engelhard Corp. (3) Mill and sieve peat moss through 
an 840-mm screen. (4) Mix constituents dry in the 
following quantities: coarse sand (0.6%); medium 
sand (8.7%); fine sand (69.2%); silt (10.2%); clay 
(6.4%); and organic matter (4.9%). 



Table 7.3 Sources of Components Used in Formulated Sedlmenls 

Component Sources 

Sand White Quariz sand #Idry. #2. %New England Silica, Inc., South Windsor. CT (Note: Mystic White sands are no 
longer available. Kemble et al. (1999) found White Quartz sand to be an acceptable substitute). 

Product No. 33094. BDH Chemical. Ltd.. Pooie. England 

Kaolinite ASP 400, ASP 400P, ASP 600. ASP 900--Englehard Corporation. Edison. NJ 

Product No. 33059, BDH Chemical. Ltd.. Pwle, England 

Montmorillonlte W.D. Johns, Source Clays, University of Missouri. Columbia. MO 

Clay Lewiscrafl Sculptor's Clay, available in hobby and artist supply stores 

Humus . Sims Bark Co.. Inc.. Tuscumbia, AL 

Alpha cellulose . Sigma Co.. St. Louis, MO 

Peat . D.L. Brownlng Co.. Mather, WI 

. Joseph Bentley. Ltd.. Barrow-on-Humber. South Humberside. England . Mellinger's. Norlh Lima. OH 

Pottingsoil . Zehr's No Name Ponlng Soil. Mississauga. Ontario 

Humic acid Aldrich Chemical Co. Milwaukee, WI 

Cow manure - A.H. Hoffman. Inc.. Landisville. PA 

Dolomite Ward's Natural Science Establishment. Inc., Rochester, NY 

2. Harrahy and Clements (1997): (1) Rinse peat moss Grind and sieve peat moss using a 2-mm screen 
then soak for 5 d in deionized water renewina water beat  moss which is allowed to dw out will not rehv-
daily. (2) Afler acclimation for 5 d, remove a i  water 
and spread out to dry. (3) Grind mossand sieve using 
the following sieve sizes: 1.18 mm (discard these 
particles); I.00mm (average size 1.09mm); 0.85 mm 
(averaaesize 0.925); 0.60 (averaaesize 0.725): 0.425 
mm (acerage size 0:5125 mm); rgtainer (averagesize 
0.2125 mm). (4) Use a mixture of sizes that provides 
an average particle size of 840 mm. (5) Wash me-
dium quartz sand and dry. (6) Obtain clay and silt 
usingASP 400 (Englehard Corp). (7) Mix constituents 
dry in the following quantities: sand (850 g); silt and 
clay ( I50 g); dolomite (0.5 g); sphagnum moss (22 g); 
and humic acid (0.lg). (8) Mix sediment for an hour on 
a rolling mill and store dry until ready for use. 

3. Hanes et al. (1991): (1) Sieve sand and retain two 
particlesizes (90to 180um and 180to 250 um) which 
are mixed in a ratio of 2:l. (2) Dry potting soil for 24 h 
at roomtemperatureandsieve through a I-mmscreen. 
Clay is commercially available sculptors clay. (3) 
Determine percent moisture of clay and soil after 
drying for 24 h at 60 to 100°C (correct for percent 
moisture when mixing materials). (4) Mix constituents 
by weight in the following ratios: sand mixture (42%); 
clay (42%); and soil (16%). (5) Autoclaveafter mixing 
in a foil-covered container for 20 min. Mixturecan be 
stored indefinitely if kept covered after autoclaving. 

4. Naylor (1993): (1) Sieveacid-washedsandto obtaina 
40- to 100-mm size. (2) Obtainclay as kaolin light. (3) 

drate and will float on the water suiace). (4) Adjust f i r  
the use of moist peat moss by determining moisture 
content (dry 5 samples of peat at 60°C until constant 
weight is achieved). (5) Mix constituents by weight in 
the following percentages:sand (69%); kaolin (20%); 
peat (10% [adjust for moisture content]); and CaCO, 
(1%). (6) Mix for 2 h in a soil shaker and store in 
sealed containers. 

5. Suedel and Rodgers (1994): (1) Sieve sand (Mystic 
White # I8  and 90: Note: Mvstic White sands are no 
longer available. ~ e m b l ei t  al. (1999) found White 
Quartz sand to be an acceptablesubstitute;Table 7.3) 
to Drovidethree differentsize fractions:coarse 12.0to 
0.5 mm), medium (0.5 to 0.25 mm) and fine (0.25 t i  
0.05 mm). (2) Ash silt (ASP 400), clay (ASP 600 and 
goo), montmorilloniteclay, and dolomite at 550°C for 
1 h to remove organic matter. (3) Dry humus (70°C) 
and mill to 2.0 mm. (4) Add dolomite as I% of the silt 
requirement.(5)Age materials for 7 d in flowing water 
before mixing. (6) Mix constituents to mimic the 
desired characteristics of the sediment of concern. 

6. Kembleet al. (1999) describe proceduresfor making 
a variety of formulated sediments ranging in grain 
size and organic carbon. A sediment with 19%sand 
and 2% organic carbon was produced by combining: 
(1) 219 grams of sand (WhiteQuartz#?dry), (2) 1242 
grams of a silt-clay mixture (ASP 400). (3) 77.3 
grams of alpha cellulose, (4) 0.15 grams of humic 



acid, and (5) 7.5 grams of dolomite (the dolomite is a 
source of bicarbonate buffering that occurs naturally 
in soils and sediments). steps for processing the 
sand before use include: (1) rinsing sand with gentle 
mixing in well water (hardness 283 mglL as CaCO,. 
alkalinity 255 mglL as CaCO,, pH 7.8) until the water 
runs clear, (2) rinsing the sand for 5 min with deion- 
ized water, and (3) air drying the sand. Constituents 
are mixed for 1 h on a rolling mill and stored dry until 
ready for use (i.e., no conditioning required). When 
formulated sediments are made with a high silt-clay 
content. the alkalinitv and hardness of the pore water 
may drop due to caiion exchange. ~ e n t l e  mixing of 
the formulated sediment with overlying water before 
use in testing reduces this change in the water quality 
characteristics of the pore water. 

7.3 Reagents 

7.3.1 Data sheets should be followed for reagents and 
other chemicals purchased from supply houses. The test 
material(s) should be at least reagent grade, unless a test 
usina a formulated commercial DrOduCt, technical-arade. 
or use-grade material is specifically needed. ~ e a ~ e n t  
containers should be dated when received from the sup- 
plier, and the shelf life of the reagent should not be 
exceeded. Working solutions should be dated when pre- 
pared and the recommended shelf life should not be 
exceeded. 

7.4 Standards 

7.4.1 Appropriate standard methods for chemical and 
physical analyses should be used when possible. For 
those measurements for which standards do not exist or 
are not sensitive enough, methods should be obtained 
from other reliable sources. 



Section 8 

Sample Collection, Storage, Manipulation, and Characterization 


8.1 Collection 

8.1.1 Before the preparation or collection of sediment, a 
procedure should be established for the handling of sedi- 
ment that might contain unknown quantities of toxic chemi- 
cals (Section 51. 

8.1.2 Sediments are spatially and temporally variable 
(Stemmer et al.. 1990al. Replicate samoles should be 
collected to determine variance in sediment characteris- 
tics. Sediment should be collected with as little disruption 
as possible; however, subsamplina, compositina, or ho- . -
mogenization of sediment samples might be n6cessary 
for some experimental designs. Sampling can cause loss 
of sediment integrity, change in chemical speciation, or 
disruption of chemical equilibrium (ASTM, 1999b). A 
benthic grab or core should be used rather than a dredge 
to minimize disruption of the sediment sample. Sediment 
should be collected from a depth that will represent ex- 
pected exposure. For example, oliaochaetes may burrow 
4 to 15 cm into sediment. samples collected foievalua- 
tions of dredged material should include sediment cores 
to the depth of removal. Surveys of the toxicity of surficial 
sediment are often based on cores of the upper 2 cm 
sediment depth. 

8.1.3 Exposure to direct sunlight during collection should 
be minimized, es~eciallv if the sediment contains uho- 
tolytic compounds. ~ediinent samples should be cooled 
to 4°C in the field before shi~ment (ASTM. 1999b). DN ice 
can be used to cool samples in t i e  field; howeier, s'edi- 
ments should never be frozen. Monitors can be used to 
measure temperature during shipping (e.g., TempTale 
Temperature Monitoling and Recording System, Sensitech, 
Inc., Beverly, MA). 

8.1.4 For additional information on sediment collection 
and shipment see USEPA (1999) and ASTM (1999b). 

8.2 Storage 

8.2.1 Since the contaminants of concern and influencing 
sediment characteristics are not always known, it is 
des~rableto hold the sediments afler collection in the dark 
at 4°C. Traditional convention has held that toxicity tests 
should be started as soon as possible following collection 
from the field, although actual recommended storage 
times range from two weeks (ASTM, 1999b) to less than 
eight weeks (USEPA-USACE, 1998a). Discrepancies in 

recommended storage times reflected a lack of data 
concerning the effects of long-term storage on the physi- 
cal, chemical, and toxicological characteristics of the 
sediment. However, numerous studies have recently 
been conducted to address issues related to seoiment 
storage (Dillon et al.. 1994: Becker and Ginn. 1995: Carr 
and chapman, 1995; ~ o o r e  et al., 1996;~arda and 
Burton, 1995; Sijm et al., 1997; DeFoe and Ankley, 1998). 
The conclusions and recommendations offered bv these 
studies vary substantially and appear to depend piimarily 
upon the type or class of contaminant(s) present.Consid- 
ered collectively, these studies suggest that the recom- 
mended guidance that sediments-he tested sometime 
between the time of collection and 8 weeks storage is 
appropriate. Additional guidance is provided below. 

8.2.2 Extended storage of sediments that contain high 
concentrations of labile chemicals (e.g., ammonia, vola- 
tile organics) may lead to a loss of these chemicals and a 
corresponding reduction in toxicity. Under these circum- 
stances, thesediment should be tested as soon as 
possible afler collection, but not later than within two 
weeks (Sarda and Burton. 1995). Sediments that exhibit 
low-level to moderate toxicity can exhibit considerable 
temporal variability in toxicity, although the direction of 
change is oflen unpredictable (Carr and Chapman. 1995; 
Moore et al., 1996; DeFoe and Ankley, 1998). Forthese 
types of sediments, the recommended storaae time of <8 
weeks may be most appropriate. In somesituations, a 
minimum storaoe Deriod for low-to-moderatelv contami- 
nated sedimenk ;nay help reduce variabiliti. For ex- 
ample. DeFoe and Ankley (1998) observed high variability 
in survival during early testing periods (e.g., <2 weeks) in 
sediments with low toxicity. DeFoe and Ankley (1998) 
hypothesized that this variability partially reflected the 
presence of indigenous predators that remained alive 
during this relatively short storage period. Thus, if preda- 
tory species are known to exist, and the sediment does 
not contain labile contaminants, it may be desirable to 
store the sediment for a short period before testing (e.g.. 2 
weeks) to reduce potential for interferences from indig- 
enous organisms. Sediments that contain comparatively 
stable compounds (e.g., high molecular weight compounds 
such as PCBs) or which exhibit a moderate-to-hiah level 
of toxicity, typically do not vary appreciably in toxicity in 
relation to storage duration (Moore et al., 1996; DeFoe 
and Ankley, 1998). For thesesediments, long-term stor- 
age (e.g., >8 weeks) can be undertaken. 



8.2.3 Researchers mav wish to conduct additional char- 
acterizations of sediment to evaluate possible effects of 
storage. Concentrations of chemicals of concern could 
be measured periodically in pore water during the storage 
period and at the start oithe'sediment test (Kembleet al., 
1994). lnoersoll et al. 11993) recommend conducting a 
to i c i y  tegt with pore ia te r  &thin two weeks from sedi- 
ment collection and at the start of the sediment test. 
Freezing might further change sediment properties such 
as grain size or chemical partitioning and should be 
avoided (ASTM. 1999b; Schuytema et al.. 1989). Sedi- 
ment should be stored with no air over the sealed samples 
(no head space) at 4°C before the start of a test (Shuba et 
a1.,1978). Sediment may be stored in containers con- 
structed of suitable materials as outlined in Section 6. 

8.3 Manipulation 

8.3.1 Homogenization 

8.3.1.1 Samples tend to settle during shipment. As a 
result, water above the sediment should not be discarded 
but should be mixed back into the sediment during ho- 
mogenization. Sediment samples should not be sieved to 
remove indigenous organisms unless there is a good 
reason to believe indigenous organisms may influence 
the response of the test organism. However, iarge indig- 
enous oraanisms and larae debris can be removed usinq 
forceps. Eeynoldson et al.71994) observed reduced growth 
of amphipods, midges, and mayflies in sediments with 
elevated numbers of oligochaetes and recommended siev- 
ing sediments suspected to have high numbers of indig 
enous oliaochaetes. If sediments must be sieved, it may ~ ~~~ ~ 

be desiraible to analyze samples before and after sieving 
(e.g., pore-water metals, DOC, AVS, TOC) to document 
the influence of sieving on sediment chemistry. 

8.3.1.2 If sediment is collected from multiple field samples, 
the sediment can be pooled and mixed by stirring or using 
a rolling mill, feed mixer, or other suitable apparatus (see 
ASTM, 1999b). Homogenization of sediment can be ac- 
complished using a variable-speed hand-held drill outfit- 
ted with a stainless-steel auger (diameter 7.6 cm, overall 
length 38 cm, auger bit length 25.4 cm; Part No. 800707, 
Augers Unlimited, Exton, PA; Kemble et al.. 1994). 

8.3.2.1.1 The cause of sediment toxicity and the magni- 
tude of interactive effects of chemicals can be estimated 
by spiking a sediment with chemicals or complex waste 
mixtures (Lamberson and Swartz, 1992). Sediments spiked 
with a range of concentrations can be used to generate 
either point estimates (e.g.. LC50) or a minimum concen- 
tration at which effects are observed (lowest observed 
effect concentration; LOEC). Results of tests may be 
reported in terms of a BSAF (Ankley et al., 1992b). The 
influence of sediment physico-chemical characteristics 
on chemical toxicity can also be determined with 
sediment-spiking studies (Adams el al., 1985). 

8.3.2.2 The test material@) should be at least reagent 
grade, unless a test using a formulated commercial prod- 
uct, technical-grade, or use-grade material is specifically 
needed. Before a test is staaed, the following should be 
known about the test material: (1) the identitv and concen- 
tration of major ingredients and i;npurities, (2) water solu- 
bility in test water, (3) log Kow. BCF (from other test 
species), persistence, hydrolysis, and photolysis rates of 
the test substances, (4) estimated toxicity to the test 
organism and to humans, (5) if the test concentration(s) 
are to be measured, the precision and bias of the analyti- 
cal method at the planned concentration(s) of the test 
material, and (6) recommended handling and disposal 
procedures. Addition of test material(s) to'sediment may 
be accomplished using various methods, such as a 
(1) rolling mill, (2) feed mixer, or (3) hand mixing (ASTM, 
1999b; USEPA, 1999). Modifications of the mixing tech- 
niques might be necessary to allow time for a testmate- 
rial to equilibrate with the sediment. Mixing time of spiked 
sediment should be limited from minutesto a few hours, 
and tem~erature should be k e ~ t  low to minimize ~otential 
changes in the physico-chemidal and microbial character- 
istics of the sediment (ASTM. 1999b). Duration of contact 
between the chemical and sediment can affect partition- 
ing and bioavailability (Word et al., 1987). Care should be 
taken to ensure that the chemical is thoroughly and 
evenly distributed in the sediment. Analyses of sediment 
subsamples are advisable to determine the degree of 
mixing homogeneity (Ditsworth et al.. 1990). Moreover, 
results from sediment-spiking studies should be com- 
pared to the response of test organisms to chemical 
concentrations in natural sediments (Lamberson and 
Swartz, 1992). 

8.3.2 Sediment Snikina ~~~- ~- - . ~ ~ ~ ~ ~ ~ ~ "  
8.3.2.1 Test sediment can be prepared by manipulating 
the properties of a control sediment. Mixing time (Stemmer 
et al., 1990a) and aging (Word et al.. 1987; Landrum. 
1989; Landrum and Faust, 1992) of spiked sediment can 
affect bioavailability of chemicals in sediment. Many 
studies with spiked sediment are often started only afew 
days after the chemical has been added to the sediment. 
This short time period may not be long enough for sedi- 
ments to equilibrate with the spiked chemicals (Section 
8.3.2.2.3). Consistent spiking procedures should be fol- 
lowed in order to make interlaboratory comparisons. See. 
USEPA (1999) and ASTM (1999b) for additional detail 
regarding sediment spiking. 

8.3.2.2.1 Organic chemicals have been added: (1) di- 
rectly in a dry (crystalline) form; (2) coated on the inside 
walls of the container (Ditsworth et al., 1990); or (3) coated 
onto silica sand (e.g., 5% wlw of sediment) which is 
added to thesediment (D.R. Mount, USEPA, Duluth, MN, 
personal communication). In techniques 2 and 3, the 
chemical is dissolved in solvent, placed in a glass spiking 
container (with or without sand), then the solvent is slowly 
evaporated. The advantage of these three approaches is 
that no solvent is introduced to the sediment, only the 
chemical being spiked. When testing spiked sediments, 
procedural blanks (sediments that have been handled in 
the same way, including solvent addition and evaporation, 
but contain no added chemical) should be tested in addi- 
tion to regular negative controls, 



~ 

8.3.2.2.2 Metals are generally added in an aqueous to be tested in a whole-sediment test based on predicted 

solution (ASTM, 1999b; Carlson et al., 1991; Di Toro et pore-water concentrations (Di Toro et al.. 1991). 

al., 1990). Ammonia has also been successfully spiked 

using aqueous solutions (Besser et al., 1998). Inclusion 8.3.3.2 Bulk-sediment chemical concentrations might be 

of spiking blanks is recommended. normalized to factors other than dry weight. For example, 


concentrations of nonpolar organic compounds might be 
8.3.2.2.3 Sufficient time should be allowed after spiking normalized to sediment organic-carbon content, and si- 
for the spiked chemical to equilibrate with sediment com- multaneously extracted metals might be normalized to 
ponents. For organic chemicals, it is recommended that acid volatile sulfides (Di Toro et al.. 1990; Di Toro et al., 
the sediment be aged at least one month before starting a 1991). 
test. Two months or more may be necessary for chemi- 
cals with a high log Kow (e.g.. 26; D.R. Mount, USEPA, 8.3.3.3 In some situations it might be necessary to 
Duluth, MN, personal communication). For metals, shorter simply determine whether a specifi6concentration oftest 
aging times (1 to 2 weeks) may be sufficient. Periodic material is toxic to the test oraanism. or whether adverse 
monitoring of chemical concentrations in pore water dur- effects occur above or below a specific concentration. 
ing sediment aging is highly recommended as a means to When there is interest in a particular concentration, it 
assess the equilibration of the spiked sediments. Moni- might only be necessary to test that concentration and 
toring of pore water during spiked sediment testing is also noftodetermine an ~ ~ 5 0 .  
recommended. 

8.4 Characterization 
8.3.2.3 Direct addition of a solvent (other than water) to 
the sediment should be avoided if possible. Addition of 8.4.1 All sediments should be characterized and at least 
organic solvents may dramatically influence the concen- the following determined: pH and ammonia of the pore 
tration of dissolved organic carbon in pore water. If an water, organic carbon content (total organyc carbon, TOC), 
organic solvent is to be used, the solvent should be at a particle size distribution (Dercent sand, silt. clav). and 
c6centration that does not affect the test organism. percentwatercontent (ASTM, 1999a; ~iumb, ' l98i j :  See 
Further, both solvent control and negative control sedi- Section 8.4.4.7 for methods to isolate pore water. 
ments must be included in the test. The solvent control 
must contain the highest concentration of solvent present 8.4.2 Other analyses on sediments might include biologi- 
and must be from the same batch used to make the stock cal oxvaen demand, chemical oxvaen demand. cation 
solution (see ASTM, 1999e). exchange capacity, ~ h ,  total inorgar& carbon, total vola- 

tile solids, acid volatile sulfides, metals, synthetic organic 
8.3.2.4 If the test contains both a negative control and a com~ounds,oil and arease. ~etroleum hvdrocarbons. as 
solvent control, the survival, growth;or reproduction of well'as interstitial G t e r  a&lyses for iarious physico- 
the organisms tested should be compared. If a statisti- chemical parameters. 
caliy significant difference is detected between the two 
coniroli, only the solvent control may be used formeethg 8.4.3 Macrobenthos may be evaluated by subsampling 
the acceotabilitv of the test and as the basis for calculat- the field-collected sediment. If direct comoarisons are to ~~ ~~ .~~ - - ~--~ -

ing resulis. ~hgnegative control might provide additional be made, subsamples for toxicity testing should be col- 
information on the general health of the organisms tested. lected from the same sample to be used for analysis of 
If no statistically significant difference is detected, the sediment physical and chemical characterizations. Quali- 
data from both controls should be used for meeting the tative descriptions of the sediment can include color, 
acceptability of the test and as the basis for calculating texture, and presence of macrophytes or animals. Moni- 
the results (ASTM, 1999f). If performance in the solvent toring the odor of sediment samples should be avoided 
control is markedly different from that in the negative because of potential hazardous volatile chemicals. 
control, it is possible that the data are compromised by 
experimental artifacts and may not accurately reflect the 8.4.4 Analyt ical Methodology 
toxicity of the chemical in natural sediments. 

8.4.4.1 Chemical and physical data should be obtained 
8.3.3 -rest for ~ ~ b ~ ~ ~ t ~using appropriate standard methods whenever possible. 

Spiked Sediments For those measurements for which standard methods do 
not exist or are not sensitive enough, methods should be 

8.3.3.1 if a test is intended to generate an LC50, a obtainedfrom otherreliablesources. 
toxicant concentration series (0.5 or hiaher) should be 
selected that will provide partiaimortalitie; at \wo or more 8.4.4.2 The precision, accuracy, and bias of each analyti- 
concentrations of the test chemical. The LC50 of a - - -~~ -~ ~cal method used should be determined in the a~propriate 

~ 

blanks 
chemical sediment characteristics. It may be desirable to and analytical standards should be analyzed, and recov- 
conduct a range-finding test in which the organisms are eries should be calculated. 
exposed to a control and three or more concentrations of 
the test material that differ by a factor often. Results from 8.4.4.3 Concentration of spiked test material(s) in sedi- 
water-only tests could be used to establish concentrations ment, interstitial water, and overlying water should be 

particular compoundmay vary depending on physical and matrix: that is, sediment, water, tissue. ~ e a ~ e n t  
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measured as often as practical during a test. If possible, 
the concentration of the test material in overlying water. 
interstitial water and sediments should be measured at 
the start and end of a test. Measurement of test material(s) 
degradation products might also be desirable. 

8.4.4.4 Separate chambers should be set up at the start 
of a test and destructively sampled during and at the end 
of the test to monitor sediment chemistty. Test organ- 
isms and food should be added to these extra chambers. 

8.4.4.5 Measurement of test material(s) concentration in 
water can be accomplished by pipeting water samples 
from about 1 to 2 cm above the sediment surface in the 
test chamber. Overlying water samples should not con- 
tain any surface debris, any material from the sides of the 
test chamber, or any sediment. 

8.4.4.6 Measurement of test material@) concentration in 
sediment at the end of a test can be taken by siphoning 
most of the overlvina water without disturbing the surface 
of the sediment, i he i  removing appropriate aiiquots of the 
sediment for chemical analysis. 

8.4.4.7 Interstitial water 

8.4.4.7.1 lnterstitial water (pore water), defined as the 
water occupying the spaces between sediment or soil 
particles, is often isolated to provide either a matrix for 
toxicity testing or to provide an indication of the concen- 
tration or partitioning of contaminants within the sediment 
matrix. Drafl USEPA equilibrium partitioning sediment 
guidelines (ESGs) are based on the presumption that the 
concentration of chemicals in the interstitial water are ~~ ~~ 

correlated directly to their bioavailability and, therefore, 
their toxicity (Di Toro et al., 1991). Of additional impor- 
tance is contaminants in interstitial waters can be trans- 
ported into overlying waters through diffusion, bioturbation. 
and resuspension processes (Van Rees et al., 1991). 
The usefulness of interstitial water sampling for determin- 
ing chemical contamination or toxicity will depend on the 
study objectives and nature of the sediments at the study 
site. 

8.4.4.7.2 Isolation of sediment interstitial water can be 
accomplished by a wide variety of methods, which are 
based on either~hvsical seDaration or on diffusionleauilib- 
rium. The comlildn physical-isolation procedures can be 
categorized as: (1)centrifugation, (2)compressionlsqueez- 
ino. or 13) suctionlvacuum. Diffusionleauilibrium Proce- -. ,~ > 

dures rely on the movement (diffusion) of pore'-water 
constituents across semipermeable membranes into a 
collectina chamber until an eauilibrium is established. A 
descript6n of the materials and procedures used in the 

isolation of pore waterisincluded in the reviews by Bufflap 
and Allen (1995a),ASTM (1999b), and USEPA(1999). 

8.4.4.7.3 When relatively large volumes of water are 
required (>20 mL) fortoxicity testing orchemical analyses, 
appmpriatequantitiesofsedimentaregenerally collected 
with arabsorcorersforsubsequentisolationoftheintersti-
tial water. Several isolation procedures, such as centrifu- 
gation(Ank1eyandScheubauer-Berigan,1994),squeezing 
(Carrandchapman, 1995)andsuction (Wingerand Lasier, 
1991;Wingerelal.. 1998), havebeen usedsuccessfullyto 
obtain adeauate volumes for testing purposes. Peepers 
(dialysis) generally do not produce sufficient volume-s for 
most analyses; however, larger sized peepers (500-mL 
volume) have been used for collecting interstitial water in 
situ for chemical analyses and organism exposures (Bur- 
ton, 1992; Sardaand Burton, 1995). 

8.4.4.7.4 Thereisnoonesuoeriormethodfortheisolation 
ofinterstitial water used fortoxicity testing and associated 
chemical analvses. Factors to consider in the selection of 
an isolation piocedure may include: (1) volume of pore 
water needed. (2) easeofisolation (maierials, preparation 
time. and timereauiredforisolation).and(3)artifactsin the 
porewater caused by the isolation procedure. Each ap- 
proach has unique strengths and limitations (Bufflap and 
Allen. 1995a. 1995b: Winaeretal.. 1998), whichvarvwith 
sediment characteristics~chemicalsof concern, toxicity 
test methods, and desired test resolution (i.e., data quality 
objectives). For suction or compression separation, which 
usks a filter or a similar surface, there may be changes to 
the characteristics of the interstitial water ~0InDared with 
separationusingcentrifugation(Ankleyetal.,1994; Horowitz 
et al., 1996). Fbr most ioxicity test procedures, relatively 
larae volumes of interstitial water(e.a., liters) are freauently 
ne~dedforstaticorrenewalexposu~eswiththeassociated 
water chemistry analyses. Although centrifugation can be 
used to generate large volumes of interstitial water, it is 
difficult to use centrifugation to isolate water from coarser 
sediment. If smaller volumes of interstitial water are 
adequate and logistics allow, it may be desirable to use 
peepers,whiche~tablishanequilibrhmwith the pore water 
throuah a Dermeable membrane. If loaistics do not allow 
placekeni of peeper samplers, an alternative procedure 
could be to collect cores that can be sampled using side 
~ortsuctioninaorcentrifuaation (G.A. Burton, Wright State 
university, cot6munic'ation). ~owever;if larger 
samples of interstitial water are needed, it would be 
necessary to collect multiple cores as quickly as possible 
using an inert environment and to centrifuge samples at 
ambient temoeratures. See USEPA (1999) and ASTM 
(1999b)foradditionaldetailregardingisolationofinterstitial 
water. 



Section 9 

Quality Assurance and Quality Control 


9.1 	 Introduction 

9.1.1 Developing and maintaining a laboratory quality 
assurance (QA) program requires an ongoing commit- 
ment by laboraiory management and also ~ncludes the 
followina: 11) amointment of a laboratow aual~tv . .  assur-- . ,
ance officer with the responsibility and auihoriiy to de- 
velop and maintain a QA program, (2) preparation of a 
Qualitv Assurance Proiect Plan with Data Quality Obiec- 
tives, (3) preparation &written descriptions of laboratory 
Standard Ooeratina Procedures (SOPS) for test oraanism 
culturing, 'testing, instrumeni calibration, sample 
chain-of-custody, hboratory sample tracking system, and 
141 ~rovision of adeauate, aualified technical staff and 
suitable space and equipment to assure reliable data. 
Additional auidance for QA can be obtained in USEPA 
(1989d) an: in USEPA (1994e). 

9.1.2 QA practices within a testing laboratory should 
address all activities that affect the quality of the final 
data, such as (1) sediment sampling a d  handling, (2) the 
source and condition of the test orclanisms. (3) condition 
and operation of equipment, (4) tesi conditions; (5)instru-
ment calibration, (6) replication, (7) use of reference 
toxicants, (8) record keeping, and (9) data evaluation. 

9.1.3 Quality control (QC) practices, on the other hand. 
consist of the more focused, routine, day-to-day activities 
carried out within the scope of the overall QA program. 
For more detailed discussion of quality assurance, and 
general guidance on good laboratory practices related to 
testing see FDA (1978), USEPA (1979a), USEPA(1980a), 
USEPA (1980b), USEPA (1991a), USEPA (1994c), 
USEPA (1994d), USEPA (1995), DeWoskin (1984), and 
Tavlor (1987). , -, 

9.2 	 Performance-based Criteria 

9.2.1 USEPA Environmental Monitoring Management Coun- 
cil (EMMC) recommended the use of performance-based 
methods in developing standards for chemical ana- 
lytical methods (Williams. 1993). Performance-based 
methods were defined by EMMC as a monitoring 
approach that permits the use of appropriate meth- 
ods that meet pre-established demonstrated performance 
standards. Minimum required elements of performance, 
such as precision, reproducibility, bias, sensitivity, and 
detection limits should be specified, and the method 

should be demonstrated to meet the performance 
standards. 

9.2.2 Participants at a September 1992 USEPA sedi- 
ment toxicity workshop arrived at a consensus on several 
culturing and testing methods for freshwater organisms 
(Appendix A of USEPA, 1994a). In developing guidance 
for culturing test organisms to be included in this manual 
for sediment tests, it was generally agreed that no single 
method must be used to culture organisms. Success of a 
test relies on the health of the culture from which oraan- 
isms are taken for testing. Having healthy organisms of 
known quality and age for testing is the key consideration 
relative toculture methods. Therefore, a pe~formance-based 
criteria approach is the preferred method through which 
individual laboratories should evaluate culture health rather 
than using control-based criteria. Performance-based cri- 
teria were chosen to allow each laboratory to optimize 
culture methods while providing organisms that produce 
reliable and comparable test results. See Tables 11.3, 
12.3. 13.4, 14.3 and 15.3 for a listing of performance 
criteria for culturing and testing. 

9.3 	 Facilities, Equipment, and Test 
Chambers 

9.3.1 Separate areas for test organism culturing and 
testing must be provided to avoid loss of cultures due to 
cross-contamination. Ventilation systems should be de- 
signed and operated to prevent recirculation or leakage of 
air from chemical analysis laboratories or sample storage 
and preparation areas into test organism culturing or 
sediment testing areas, and from sediment testing labora- 
tories and sample preparation areas into culture rooms. 

9.3.2 Equipment for temperature control should be ad- 
eauate to maintain recommended test-water temoera- 
tuies. Recommended materials should be used in the 
fabricating of the test equipment that comes in contact 
with the sediment or overlying water. 

9.3.3 Before a sediment test is conducted in a new 
facility, a "noncontaminant" test should be conducted in 
which all test chambers contain a control sediment and 
overlvina water. This information is used to demonstrate 
that iheVfacility, control sediment, water, and handling 
procedures provide acceptable responses of test organ- 
isms (See Section 9.14). 



9.4 Test Organisms 

9.4.1 The organisms should appear healthy, behave 
normally, feed well, and have low mortality in cultures, 
during holding (e.g., <20% for 48 h before the start of a 
test), and in test controls. The species of test organisms 
should be positively identified to species. 

9.5 Water 

9.5.1 The quality of water used for organism culturing and 
testing is extremely important. Overlying water used in 
testing and water used in culturing organisms should be 
uniform in quality. Acceptable water should allow satis- 
factory survival, growth, or reproduction of the test organ- 
isms. Test organisms should not show signs of disease 
or apparent stress (e.g., discoloration, unusual behavior). 
See Section 7 for additional details. 

9.6 Sample Collection and Storage 

9.6.1 Sample holding times and temperatures should 
conform to conditions described in Section 8. 

9.7 Test Conditions 

9.7.1 It is desirable to measure temperature continuously 
in at least one chamber during each test. Temperatures 
should be maintained within the limits soecified for each 
test. Dissolved oxygen, alkalinity, water hardness, con- 
ductivity, ammonia, and pH should be checked as pre- 
scribed in Sections 11.3, 12.3, 13.3, 14.3and 15.3. 

9.8 Quality of Test Organisms 

9.8.1 It may be desirable for laboratories to periodically 
oerforrn 96-h water-onlv reference-toxicitv tests to assess 
the sensitivity of culture organisms (seciion 9.16). Data 
from these reference-toxicity tests could be used to as- 
sess genetic strain or lifestage sensitivity to select chemi- 
cals. The requirement in the first edition of this manual for 
laboratories to conduct monthlv reference-toxicitv tests 
(USEPA. 1994a) has not been included as a requirement 
in this second edition for testing sediments because of 
tne inabilitv of reference-toxicity tests to identifv stressed 
populatiork of test organisms (McNulty et al.. 1999). 
Physiological measurements such as lipid content might 
also provide useful information regarding the health of the 
cultures. 

9.8.2 It is desirable to determine the sensitivity of test 
organisms obtained from an outside source. The supplier 
should provide data with the shipment describing the 
history of the sensitivity of organisms from the same 
source culture. The supplier should also certify the spe- 
cies identification of the test organisms and provide the 
taxonomic references or name(s) of the taxonomic expert(s) 
consulted. 

9.8.3 All organisms in a test must be from the same 
source (Section 10.2.2). Organisms may be obtained 
from laboratory cultures or from commercial or government 

sources (Table 10.1). The test organisms used should be 
identified usino an ao~rooriate taxonomic kev. and verifi- . .  . 
cation should 6e documented (Pennak, 1989;~erritt and 
Cummins, 1996). Obtaining organisms from wild popula- 
tions should be avoided unless oraanisms are cultured 
through several generations in the lsboratory. In addition, 
the ability of the wild population of sexually reproducing 
organisms to cross breed with the existing laboratory 
population should be determined (Duan et a1.,1997). Sen- 
sitivity of the wild. population to select chemicals (e.g., 
Table 1.4) should also be documented. 

9.9 Quality of Food 

9.9.1 Problems with the nutritional suitability of the food 
will be reflected in the su~ iva l ,  growth, or re~r0ductiOn of 
the test organisms in cultures or in sediment tests. 

9.9.2 Food used to culture organisms used in bioaccumu- 
lation tests must be analyzea for compounds to be mea- 
sured in the bioaccumulation tests. 

9.10 Test Acceptability 

9.10.1 Tables 11.3, 12.3, 13.4, 14.3 and 15.3 outline 
requirements for acceptability of the tests. An individual 
test may be conditionally acceptable if temperature, dis- 
solved oxygen, and other specified conditions fall outside 
soecifications, deoendina on the dearee of the de~arture 
and the objective; of the tests (seatest condition sum- 
maries in Tables 11.1, 12.1, 13.1, 14.1, and 15.1). The 
acceptability of a test will depend on the experience and 
professional judgment of the laboratory analyst and the 
reviewing staff of the regulatory authority. Any deviation 
from test specifications should be noted when reporting . 
data from a test. 

9.11 Analytical Methods 

9.1 1.I All routine chemical and physical analyses for 
culture and testing water, food, and sediment should 
include established aualitv assurance oractices outlined 
in USEPA methods manials (USEPA: 1979a; USEPA, 
1979b; USEPA, 1991a; USEPA, 1994b). 

9.11.2 Reagent containers should be dated when re- 
ceived from the supplier, and the shelf life of the reagent 
should not be exceeded. Working solutions should be 
dated when prepared and the recommended shelf life 
should not be exceeded. 

9.12 Calibration and Standardization 

9.12.1 Instruments used for routine measurements of 
chemical and physical characteristics such as pH, dis- 
solved oxygen, temperature, and conductivity should be 
calibrated before use each day according to the instru- 
ment manufacturer's procedures as indicated in the gen- 
eral section on quality assurance (see USEPA Methods 
150.1,360.1,170.1, and 120.1; USEPA, 1979b). Calibra- 
tion data should be recorded in a permanent log. 



9.12.2 A known-quality water should be included in the 
analyses of each batch of water samples (e.g.. water 
hardness, alkalinity, conductivity). It is desirable to in- 
clude certified standards in the analysis of water samples. 

9.13 	 Re~licationand Test Sensitivitv . 
9.13.1 The sensitivity of sediment tests will d e ~ e n d  in 
part on the number of replicatesltreatment, the signifi- 
cance level selected, and the type of statistical analysis. 
If the variability remains constant, the sensitivity of a test 
will increase as the number of replicates is increased. The 
minimum recommended number of replicates varies with 
the objectives of the test and the statistical method used 
for analysis of the data (Section 16). 

9.14 	 Demonstrating Acceptable 
Performance 

9.14.1 lntralaboratory precision, expressed as a coeffi- 
cient of variation (CV) of the range in response for each 
type of test to be used in a laboratory, can be determined 
bv performing five or more tests with different batches of 
teG organisms using the same reference toxicant at the 
same concentrations with the same test conditions (e.g., 
the same test duration, type of water, age of test organ- 
isms, feeding) and the same data analysis methods. This 
should be done to gain experience for the toxicity tests 
and to serve as a point of reference for future testing. A 
reference-toxicity concentration series (0.5 or higher) 
should be selected that will ~rovide ~art ia lmortalities at 
two or more concentrations of the test chemical 
(Section 8.3.3). Information from previous tests can be 
used to improve the design of subsequent tests to opti- 
mize the dilution series selected for future testing. 

9.14.2 Before conducting tests with potentially contami- 
nated sediment, it is strongly recommended that the 
laboratorv conduct the tests with control sedimentk) 
alone. desu~ts of these preliminary studies should be 
used to determine if use of the control sediment and other 
test conditions (i.e., water quality) result in acceptable 
performance in the tests as outlined in Tables 11 .I.12.1, 
13.1, 14.1,and 15.1. 

9.14.3 Laboratories should demonstrate that their person- 
nel are able to recover an average of at least 90% of the 
organisms from whole sediment. For example, test organ- 
isms could be added to control sediment or test sedi- 
ments and recovery could be determined afler 1 h 
(Tomasovic et al., 1994). 

9.15 	 Documenting Ongoing Laboratory 
Performance 

9.15.1 Outliers. which are data falling outside the control 
limits, and trends of increasing or decreasing sensitivity 
are readily identified. If the reference-toxicity results from 
a given test fall outside the "expected" range (e.g., +2 
SD), the sensitivity of the organisms and the credibility of 
the test results mav be susoect. In this case. the test , ,~ 	 .-..~ ~~~ ~~ 

~ ~~~ 

procedure should be examined for defects and should be 

repeated with a different batch of test organisms 
(Section 16). 

9.15.2 A sediment test may be acceptable if specified 
conditions of a reference-toxicity test fall outside the 
expected ranges (Section 9.10.2). Specifically, a sedi- 
ment test should not be judged ur?acceptable iithe LC50 
for a given reference-toxicitv test falls outside the ex- 
pectedrange or if mortality inihe control of the reference- 
toxicity test exceeds 10%. All the performance criteria 
outlined in Tables 11.3, 12.3, 13.4, 14.3, and 15.3 must 
be considered when determining the acceptability of a 
sediment test. The acceotabilitv of the sediment test 
would depend on the experience and judgment of the 
investigator and the regulatory authority. 

9.15.3 Performance should improve with experience, and 
the control limits should gradually narrow, as the statis- 
tics stabilize. However, control limits of +2 SD, by defini- 
tion, will be exceeded 5% of the time, regardless of how 
well a laborat0~ ~erforms. For this reason. oood laborato- 
ries that develdp'very narrow control limits k a y  be penal- 
ized if a test result that falls just outside the controi limits 
is rejected de faclo. The width of the control limits should 
be donsidered in decisions regarding rejection of data 
(Section 17). 

9.16 	 Reference Toxicants 

9.16.1 Historically. reference-toxicity testing has been 
thought to provide three types of information relevant to 
the intermetation of toxicitv test data: 11) an indication of 
the relative "health" of the organisms used in the test; 
(2) a demonstration that the laboratory can perform the 
test procedure in a reproducible manner: and (31 informa- 
tion t o  indicate whether the sensitivityof the barticular 
strain or population in use at a laboratory is comparable to 
those in use in other facilities. With regard to the first type 
of information, recent work by McNulty et al. (1999) 
suggests that reference-toxicity tests may not be effec- 
tive in identifying stressed populations of test organisms. 
In addition, reference-toxicitytests recommendeb for use 
with sediment toxicitv tests are short-term, water column 
tests, owing in part to the lack of a standard sediment for 
reference-toxicity testing. Because the test procedures 
for reference-toxicity tests are not the same as for the 
sediment toxicity tests of interest, the applicability of 
reference-toxicity tests to demonstrate ability to repro- 
ducibly perform the sediment test procedures is greatly 
reduced. Particularly for the long-term sediment toxicity 
tests with H. azteca and C. tentans, performance of 
control organisms over time may be a better indicator of 
success in handling and testing these organisms (Sec- 
tions 14 and 15). 

9.16.2 Although the requirement for monthly testing has 
been removed in this second edition of the manual, 
periodic reference-toxicity testing should still be con- 
ducted as an indication of overall comparability of results 
among laboratories (at a minimum, six tests over a byear 
period should be conducted to evaluate potential differences 
in life stage or genetic strain of test organisms). In 
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particular, reference-toxicity tests should be performed 9.16.4 Test conditions for conducting reference-toxicity 
more frequently when organisms are obtained from out- tests with H. azteca, C. tentans, and L. variegatus are 
side sources, when there are changes in culture prac- outlined in Tables 9.1 and 9.2. Reference-toxicity tests 
tices, or when brood stock from an outside source is can be conducted using one organismlchamber or mul- 
incorporated into a laboratory culture. tiple organisms in each chamber. Some laboratories have 

observed low control survival when more than one midge1 
9.16.3 Reference toxicants such as sodium chloride chamber is tested in water-only exposures. 
(NaCI), potassium chloride (KCI), cadmium chloride (CdCI,), 
and copper sulfate (CuSO,) are suitable for use. No one 9.17 Record Keeping
reference toxicant can be used to measure the sensitivitv 
of test organisms with respect to another toxicant with a 9.17.1 Section 16.1 outlines recommendations for record 
different mode of action (Lee, 1980). However, it may be keeping (i.e., data files, chain-of-custody). 
unrealistic to test more than one or two reference toxicants 
routinely. KC1 has been used successfully in round-robin 
water-only exposures with H. azteca and C. tentans 
(Section 17). 

Table 9.1 Recommended Test Conditions for Conducting Reference-toxlclty Tests with One OrganlsmlChamber 

Parameter 	 Conditions 

I. Test type: 	 Water-only test 

2. Dilution series: 	 Control and at least 5 test concentrations (0.5 dilution factor) 

3. Toxicant: 	 NaCI. KCI. Cd, or Cu 

4. Temperature: 	 2 3 t  1°C 

5. Light quality: 	 Wide-spectrum fluorescent lights 

6. Illumlnance: 	 About 100 to 1000 lux 

7. Photoperiod: 	 16L:8D 

8. Renewal of water: 	 None 

9. Age of organisms: 	 H. azleca: 7- to 144  old (1- to 2-d range in age) 
C. lenlans: second- to third-instar larvae (about 10-d-old larvae)' 
L. vanegalus: adults 

10. Test chamber: 	 30-mL plastic cups (covered with glass or plastic) 

11. Volume of water: 	 20 mL 

12. Number of organlsmslchamber: 	 1 

13. Number of replicate chambersltreatment: 	 10 minimum 

14. Feeding: 	 H. azleca: 0.1 mL YCT (1800 mglL stock) on Day 0 and 2 
C. tenlans: 0.25 mL Tetrafin@ (4 g1L stock) on Day 0 and 2 
L. vanegatus: not fed 

15. Substrate: 	 H azleca: Nitex@ screen (110 mesh) 
C. lenlans: sand (monolayer) 
L. vadegatus: no substrate 

16. Aeration: 	 None 

17. Dilution water: 	 Culture water, well water, surface water, site water, or reconstituted water 

18. Test chamber cleaning: 	 None 

19. 	 Water quality: Hardness, alkalinity, conductivity, dissolved oxygen, and pH at the beginning and 
end of a test. Temperature daily. 

20. Test duration: 	 96 h 

21. Endpoint: 	 Survival (LC50) 

22. Test acceptability: 	 90% control survival -
' Age requirement: Ail animals must be third or second instar with at least 50% of the organisms at third instar. 



Table 9.2 Recommended Test Conditlons for Conducting Reference-toxicity Tests with More Than One 
OrganlsmlChamber 

Parameter 

1. Tesl type: 

2. Dilution series: 

3. Toxicant: 

4. Temperature: 

5. Light quality: 

6. Illuminance: 

7. Photoperiod: 

8. Renewal of water: 

9. Age of organisms. 

10. Test chamber: 

11. Volume of water: 

12. Number of organismslchamber: 

13. Number of replicate chambersltreatment: 

14. Feeding: 

15. Substrate: 

16. Aeration: 

17. Dliution water: 

18. Test chamber cleaning: 

19. Water quality: 

20. Test duration: 

21. Endpoint: 

22. Test accedabilitv: 

' 

Conditions 

Water-only test 

Control and at least 5 test concentrations (0.5 dilution factor) 

NaCI, KCI, Cd, or Cu 

23 * 1% 

Wide-spectrum fluorescent lights 

About 100 to 1000 lux 

16L:8D 

None 

H. azteca: 7- to 14-d old (1- to 2-d range in age) 
C. tentans: second to third instar (about 10-d-old larvae)' 

L. variegatus: adults 


250-mL glass beaker (wvered with glass or Plastic) 


100 mL (minimum) 


10 minimum 


3 minimum 


H. azteca: 0.5 mL YCT (1800 mglL stock) on Day 0 and 2 

C. tenlans: 1.25 mL Tetrafin@ (4 glL stock) on Day 0 and 2 

L. varregatus: not fed 


H azteca: Nitex@ screen (1 10 mesh) 

C. tentans: sand (monolayer) 

L. variegatus: no substrate 


None 


Culture water, well water, surface water, site water or 

rewnstituted water 

None 

Hardness, alkalinity, conductivity, dissolved oxygen, and pH 
at the beginning and end of a test. Temperature daily. 


96 h 


Survival (LC50) 


90% control survival 


Age requirement: All animals must be third or second inslar with at least 50% of the organisms at third instar. 



Section 10 

Collecting, Culturing, and Maintaining Test Organisms 


10.1 Life Histories 

10.1.IHyalella azteca 

10.1.1.1 Hyalellaazteca inhabit permanent lakes, ponds, 
and streams throughout North and South America (de 
March, 1981; Pennak, 1989). Occurrence of H. azteca is 
most common in warm (20% to 30°C for much of the 
summer) mesotrophic or eutrophic lakes that support 
aquatic plants. These amphipods are also found in ponds, 
sloughs, marshes, rivers, ditches, streams, and springs, 
but in lower numbers. Hyalella azteca have achieved 
densities of ~10,0001m2 in preferred habitats (de March, 
1981). 

10.1.I.2 Hyalella azteca are epibenthic detritivores that 
burrow into the sediment surface. Hargrave (1970a) re- 
ported that H. azteca selectively ingest bacteria and 
algae. The behavior and feeding habits of H.azteca make 
them excellent test organisms for sediment assessments. 

10.1.I.3 Reproduction by H. azteca is sexual. The adult 
males are larger than females and have larger second 
gnathopods (de March, 1981). Males pair with females by 
grasping the females (amplexus) with their gnathopods 
while on the backs of the females. After feeding together 
for 1 to 7 d the female is ready to molt and the two 
organisms separate for a short time while the female 
sheds her old exoskeleton. Once the exoskeleton is 
shed, the two organisms reunite and c ~ ~ u l a t i o n  occurs. 
The male olaces soerm near Ule marsuplum of the female 
and her pieopods'sweep the sperm into the marsupium. 
The oroanisms aaain separate and the female releases ~ ~ 

eggs f6m her oviGucts inio the marsupium where they are 
fertilized. Hyalella azteca average about 18 eggslbrood 
(Pennak, 1989) with larger organisms having more eggs 
(Cooper, 1965). 

10.1.1.4 The developing embryos and newly hatched 
young are kept in the marsupium until the next molt. At 
24°C to 28% hatching ranges from 5 to 10 d after 
fertilization (Embody, 191 1; Bovee, 1950; Cooper, 1965). 
The time between molts for females is 7 to 8 d at 26°C to 
28°C (Bovee, 1950). Therefore, about the time embryos 
hatch, the female molts and releases the young. Hyalella 
azteca average 15 broods in 152 d (Pennak, 1989). 
Pairing of the sexes is simultaneous with embryo incubation 

of the previous brood in the marsupium. Hyalella azteca 
have a minimum of nine instars (Geisler, 1944). There are 
5 to 8 pre-reproductive instars (Cooper, 1965) and an 
indefinite number of post-reproductive instars. The first 
five instars form the juvenile stage of development, instar 
stages 6 and 7 form the adolescent stage when sexes 
can be differentiated, instar stage 8 is the nuptial stage, 
and all later instars are the adult stages of development 
(Pennak, 1989). 

10.1.I.5 Hyalella azteca have been successfully cultured 
at illuminance of about 100 to 1000 lux (Ingersoll and 
Nelson, 1990; Ankley et al., 1991a; Ankley et al., 1991 b). 
Hyalella azteca avoid bright light, preferring to hide under 
litter and feed during the day. 

10.1.1.6 Temperatures tolerated by H.azteca range from 
0 to 33°C (Embody, 191 1; Bovee. 1949; Sprague, 1963). 
At temperatures less than 10'C the organisms rest and 
are immobile (de March. 1977; de March. 1978). At tem- 
peratures of 10°C to 18'C, reproduction can occur. Juve- 
niles grow more slowly at colder temperatures and be- 
come larger adults. Smaller adults with higher reproduc- 
tion are typical when organisms are grown at 18°C to 
28°C. The highest rates of reproduction occur at 26°C to 
28°C (de March, 1978) while lethality occurs at 33°C to 
37°C (Bovee, 1949; Sprague, 1963). 

10.1.I.7 Hyalella azteca are found in waters of widely 
varying types. Hyalella azteca can inhabit saline waters 
uo to 29 %o: however. their distribution in these saline 
daters has been correlated to water hardness (Ingersoll et 
al., 1992). Hyalella azteca inhabit water with high Mg 
concentrations at conductivities up to 22,000 ~ S l c m ,  but 
only up to 12,000 (~Slcm in Na-dominated waters (Ingersoll 
et al., 1992). De March (1981) reported H. aztecawerenot 
collected from locations where calcium was less than 
7 mglL. Hyalella azteca have been cultured in reconsti- 
tuted salt water with a salinity up to 1 5 %  (Ingersoll et al.. 
1992; Winger and Lasier, 1993). In laboratory studies, 
Sprague (1963) reported a 24-h LC50 for dissolved oxy- 
gen at 20'C of 0.7 mg1L. Pennak and Rosine (1976) 
reported similar findings. Nebeker et al. (1992) reported 
48-h and 30-d LC50s for H.azteca of less than 0.3 mg/L 
dissolved oxygen. Weight and reproduction of H. azteca 
were reduced after 30-d exposure to 1.2 mglL dissolved 
oxygen. 



10.1.1.8 Hyalella azteca tolerate a wide range of sub- 
strates. lngersoll et al. (1996) reported that H. azteca 
tolerated sediments ranging from more than 90% silt- and 
clav-sized t articles to 100% sand-sized t articles without 
decimentai effects on either survival or growth. Hyalella 
azteca tolerated a wide range in grain size and organic 
matter in 10- to 42-d tests with formulated sediment 
(Suedel and Rodgers, 1994; lngersoll et al., 1998). Ankley 
et al. (1994a) evaluated the effects of natural sediment 
physico-chemical characteristics on the results of 10-d 
laboratory toxicity tests with H. azteca, C.tentans, and 
L. variegatus. Tests were conducted with and without the 
addition of exogenous food. Survival of organisms was 
decreased in tests without added food. Physico-chemical 
sediment characteristics including grain size and TOC 
were not significantly correlated to the response of 
H.azteca in either fed or unfed tests. See Sections 4.2.3 
and 14.4 for additional detail regarding studies of the 
influence of grain size in long-term sediment toxicity tests 
with H. azteca. 

10.1.2 Chironomus tentans 

10.1.2.1 Chironomus tentans have a holarctic distribution 
(Townsend et al., 1981) and are commonly found in 
eutrophic ponds and lakes (Flannagan, 1971: Dnver, 1977). 
Midae larvae are im~ortant in the diet of Rsh and waterfowl 
(sailer, 1935;~iegf;ied, 1973:Driveretal., 1974; McLarney 
et al.. 1974). Larvae of C.tentans usually penetrate a few 
cm into sediment. In both lotic and lentic habitats with 
soft bottoms, about 95% of the chironomid larvae occur in 
the umer 10 cm of substrates, and vew few larvae are 
found below40 cm (Townsend et al., 1981). Larvae were 
found under the following conditions in British Columbia 
lakes by Topping (1971): particle size e0.15 mm to 2.0 mm, 
temperature 0 to 23.3"C, dissolved oxygen 0.22 to 
8.23 mglL, pH 8.0 to 9.2, conductivity 481 to 
4,136 ~.tmhoslcm, and sediment organic carbon 1.9 to 
15.5%: Larvae were absent from lakes if hydrogen sulfide 
wncentratoninoverlvina waterexceeded 0.3maIL.Abun- 
dance of larvae was po$tively correlated with conductiv- 
ity, pH, amount of food, percentages of particles in the 
0.59 to 1.98 mm size range, and concentrations of Na, K, 
Mg, CI, SO,, and dissolved oxygen. Others (e.g., Curry, 
1962: Oliver, 1971) have reported a temperature range of 
0to 35'C and a pH range of 7 to 10. 

10.1.2.2 Chironomus tentans are aquatic during the larval 
and pupal stages. The life cycle of C. tentans can be 
divided into four distinct stages: ( I )  an egg stage, (2) a 
larval stage, consisting of four instars. (3) a pupal stage, 
and (4) an adult stage. Mating behavior has been de- 
scribed by Sadler (1935) and others (ASTM, 1999a). 
Males are easily distinguished from females because 
males have large, plumose antennae and a much thinner 
abdomen with visible aenitalia. The male has oaired aeni- 
tal claspers on the po$erior tip of the abdomen(~owngend 
et al., 1981). The adult female weighs about twice as 
much as the male, with about 30% of the female weight 
contributed by the eggs. After mating, adult females 
oviposit a single transparent, gelatinous egg mass di- 
rectly into the water. At the USEPA Office of Research 

and Development Laboratory (Duluth, MN), the females 
oviposit eggs within 24 h after emergence. Egg cases 
contain a variable number of eggs from about 500 to 2000 
eaas/eaacase IJ. Jenson. ILS. Duluth. MN. oersonal 
co;;~miicationj and will hatch in 2 to 4 d at 2+b. Under 
optimal conditions larvae will pupate and emerge as adults 
after about 21 d at 23". Larvae beain to construct tubes 
(or cases) on the second or third day after hatching. The 
cases lengthen and enlarge as the larvae grow with the 
addition of small particles bound together with threads 
from the mouths of larvae (Sadler, 1935). The larvae draw 
food particles inside the tubes and also feed in the 
immediate vicinity of either end of the open-ended tubes 
with their caudal extremities anchored within the tube. 
The four larval stages are followed by a black-colored 
pupal stage (lasting about 3 d) and emergence to a 
terrestrial adult (imago) stage. The adult stage lasts for 
3 to 5 d, during which time the adults mate during flight 
and the females oviposit their egg cases (2 to 3 d post- 
emergence; Sadler. 1935). 

10.1.2.3 Grain size tolerance of C. tentans in sediment 
testing is described in Section 12.4.3 for 10-d exposures 
and in Section 15.4.3 for long-term exposures. 

10.1.3 Lumbncu,us variegatus 

10.1.3.1 Lumbriculus variegatus inhabit a variety of 
sediment types throughout the United States and Europe 
(Chekanovskaya, 1962: Cook. 1969: S~encer. 1980: 
~rinkhurst.1986). Lumbriculus variegafus iypicali; tunnel 
in the umer aerobic zone of sediments of reservoirs. 
rivers, lakes, ponds, and marshes. When not tunneling: 
they bury their anterior portion in sediment and undulate 
their posterior portion in overlying water for respiratory 
exchange. 

10.1.3.2 Adults of L. varieaatus can reach a lenath of 
4010 90 mm, diameter of 1 .o-to 1.5 mm. and wet weGhtof 
5 to 12 ma (Call et al.. 1991: Phioos et al.. 1993). Lio:d , -7 -
content islabout 1.0% (wet weighi.'~nkley kt  al., 1992b: 
Brunson et al., 1993; Brunson et al.. 1998). Lumbriculus 
vanegatus most commonly reproduce asexually, although 
sexual reproduction has been reported (Chekanovskaya. 
1962). Newly hatched worms have not been observed in 
cultures (Call et al., 1991: Phipps et ai., 1993). Cultures 
consist of adults of various sizes. Populations of labora- 
tory cultures double (number of organisms) every 10 to 
14 d at 20°C (Phipps et al., 1993). 

10.1.3.3 Lumbriculus vanegatus tolerate a wide range of 
substrates. Ankley et al. (1994a) evaluated the effects of 
natural sediment physico'-chem~cal characteristics on the 
results of 10-d laboratory toxicity tests with H. azteca, 
C. tentans, and L. variegatus. Tests were conducted with 
and without the additioiof exogenous food. Survival and 
re~roductionof oraanisms was decreased in tests without 
added food. phy5co-chemical sediment characteristics 
including grain size and TOC were not significantly corre- 
lated to reproduction or growth of L. variegafus in either 
fed or unfed tests. 



10.2 General Culturing Procedures 

10.2.1 Acceptability of a culturing procedure is based in 
part on of organisms in culture and in the 
sediment test (Section 1.4 and 9.2). No sinale techniaue 
for culturing t&t organisms is required. fat may work 
well for one laboratory may not work as well for another 
laboratory. While a variety of culturing procedures are 
outlined in Section 10.3 for H. azteca, in Section 10.4 for 
C. tentans, and in Section 10.5 for L. variegatus, organ- 
isms must meet the test acceptability requirements listed 
inTables 11.3, 12.3, 13.4, 14.3, and 15.3. 

10.2.2 All organisms in a test must be from the same 
source. Organisms may be obtained from laboratory cul- 
tures or from commercial or government sources 
(Table 10.1). The test organism used should be identified 
using an appropriate taxonomic key, and velification should 
be documented. Obtaining organisms from wild popula- 

~ ~ 

tions should be avoided unless organisms are cultured 
through several generations in the laboratory. In addition. 

Table 10.1 Sources of Starter Cultures of Test Organisms 

Source Species 

U.S. Environmental Protection Agency H. azfeca 
Mid-Continent Ecological Division C. fenfans 
6201 Congdon Boulevard L. variegatus 
Duluth. MN 55804 
Teresa Norberg-King (2181529-5163, fax -5003) 
email: norberg-king.teresa@epa.gov 

U.S. Environmental Protection Agency H. azfeca 
Environmental Monitoring System Laboratory L. variegafus 
26 W. Martin Luther Dr. 
Cincinnati, OH 45244 
Jim Lazorchak (5131569-7076, fax -7609) 
email: lazorchak.]im@epa.gov 

Columbia Environmental Research Center H. azfeca 
U.S. Geologlcal Suwey C. tentans 
4200 New Haven Road L. variegafus 
Columbia. MO 65201 
Eugene Greer (5731876.1820, fax -1896) 
email: eugene-greer@usgs.gov 

Great Lakes Environmental Research L, variegafus 
Laboratory. NOAA 

2205 Commonwealth Boulevard 
Ann Arbor. Mi 48105-1593 
Peter Landrum (3131741-2276, fax -2055) 
emaii: landrum@glerl.noaa.gov 

Wright State University H. azteca 
Institute for Environmental Quality C. tenfans 
Dayton, OH45435 L. variegafus 
Allen Burton (937i775-2201, fax -4997) 
email: aburton@wrlghf.edu 

Michigan State University H. azteca 
Department of Fisheries and Wildlife C. fentans 
No. 13 Natural Resources Building L. variegatus 
East Lansing, MI 48824.1222 
John Giesy (5171353-2000, fax 5171432.1984) 
emaii: iaiesv@.aol.com 

the ability of the wild population of sexually reproducing 
organisms to crossbreed with the existina laboratow DODU-
lacon should be determined (Duan et a1,1997). ~knsi i iv- 
ity of the wild population to select chemicals (e.g., Table 
1.4) should also be documented. 

10.2.3 Test organisms obtained from commercial sources 
should be shipped in well-oxygenated water in insulated 
containers to maintain temperature during shipment. Tem- 
perature and dissolved oxygen of the water in the shipping 
containers should be measured on arrival to determine if 
the organisms might have been subjected to low dis- 
solved oxygen or temperature fluctuations. The tempera- 
ture of the shipped water should be gradually adjusted to 
the desired culture temperature at a rate not exceeding 
2°C per 24 h. Additional reference-toxicity testing is sug- 
gested if organisms are not cultured at the testing labora- 
tory (Section 9.16). 

10.2.4 A group of organisms should not be used for a test 
if they appear to be unhealthy, discolored, or othelwise 
stressed (e.g., >20% mortality for 48 h before the start of 
a test). If the organisms fail to meet these criteria, the 
entire batch should be discarded and a new batch should 
be obtained. All organisms should be as uniform as 
possible in age and life stage. Test organisms should be 
handled as little as possible. When handling is necessary. 
it should be done as gently, carefully, and as quickly as 
possible. 

10.2.5 H. azteca, C. tentans, and L. variegatus can be 
cultured in a variety of waters. Water of a quality sufficient 
to culture fathead minnows (Pirnephales promelas) or 
cladocerans will generally be adequate. 

10.2.5.1 Variable success has been reported using re- 
constituted waters to culture or test H. azteca in lona-term 
exposures (i.e., > I 0  d; See Section 7.1.3 for detaik). 

10.2.5.2 Organisms can be cultured using either static or 
renewal procedures. Renewal of water is recommended to 
limit loss of the culture organisms from a drop in dis- 
solved oxygen or a buildup of waste products. In renewal 
systems, there should be at least one volume additionld 
of culture water to each chamber. In static systems, the 
overlying water volume should be changed at least weekly 
by siphoning down to a level just above the substrate and 
slowly adding fresh water. Extra care should be taken to 
ensure that proper water quality is maintained in static 
systems. For example, aeration is needed in static sys- 
tems to maintain dissolved oxygen at >2.5 mg1L. 

10.2.5.3 A recirculating system using an under-gravel 
filter has been used to culture amphipods and midges 
(P.V. Winger, USGS, Athens, GA, personal communica- 
tion). The approach for using a recirculating system to 
culture organisms has been described by New et al. 
(1974), Crandall et al. (1981). and Rottmann and Campton 
(1989). Under-gravel filters can be purchased from 
aquarium suppliers and consist of an elevated plate with 
holes that fit on the bottom of an aauarium. The date has 
a standpipe to which a pump can be attached. ~ r a ~ e l  or 
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an artificial substrate (e.g.. plastic balls or multi-plate 
substrates) is placed on the plate. The substrates provide 
surface area for microorganisms that use nitrogenous 
compounds. A simple example of a recirculating system 
is two aquaria positioned one above the other with a total 
volume of 120 L. The bottom aquarium contains the 
under-gravel filter system, gravel, or artificial substrate, 
and a submersible pump. The top aquarium is used for 
culture of animals and has a hole in the bottom with a 
standpipe for returning overflow water to the bottom 
aquarium. Water lost to evaporation is replaced weekly, 
and water is replaced at one- to two-month intervals. 
Cultures fed foods such as TetraminBor TetrafinBshould 
include limestone gravel to help avoid depression in pH. 
Recirculating systems require less maintenance than static 
systems. 

10.2.6 Cultures should be maintained at 23°C with a 
16L:BD photoperiod at an illuminance of about 100 to 1000 
lux (USEPA, 1994a; ASTM, 1999a). Cultures should be 
observed daily. Water temperature should be measured 
daily or continuously, and dissolved oxygen should be 
measured weekly. limay be desirable forlaboratories to 
periodicallv perform 96-h water-onlv reference-toxicity tests 
io assessihe sensitivity of cultire organisms (Section 
9.16.2). Data from these reference-toxicity tests could be 
used to assess genetic strain or life-stage sensitivity to 
select chemicaisT The previous requirement for laborato- 
ries to conduct monthlv reference-toxicitv tests (USEPA 
1994a) has not been fncluded as a reqbirement in this 
second edition for testing sediments dueto the inability of 
reference-toxicitv tests to identifv stressed ~o~ula t ions of 
test organisms *(section 9.16;- McNulty kt 'al.. 1999). 
Cdlturewater hardness, alkalinity, ammonia, and pH should 
be measured at least auarterlv. If amphipods are cultured 
using static conditions, it is desirabie to measure water 
quality more frequently. If reconstituted water is used to 
culture organisms, water quality should be measured on 
each batch of reconstituted water. Culture procedures 
should be evaluated and adjusted as appropriate to re- 
store or maintain the health of the culture. 

10.3 	 Culturing Procedures for Hyalella 
azteca 

10.3.1 The culturing procedures described below are 
based on methods described in USEPA (1991a), Ankley 
et al. (1994a), Call et al. (1994), Tomasovic et al. (1994), 
Greer (1993), lngersoll and Nelson (1990), lngersoll et al. 
(1998). ASTM (1999a) and USEPA (1994a). The culturina 
brocedure must prodice 7- to 14-d-old amph:pods to staz 
a 10-d sediment test (Table 11.3). The 10-d test wilh H. 
azteca should start w ih  a narrowrange in size or age of 
H. azteca (1- to 2-d range in age) to reduce potential 
variability in growth at the end of the 10-d test. This 
narrower range would be easiest to obtain using known- 
age organisms (i.e.. Section 10.3.2, 10.3.4) instead of 
sieving the cultures (Section 10.3.5) to obtain similar- 
sized amphipods (i.e.. amphipods within a range of 1- to 
2-d old will be more uniform in size than organisms within 
the range of 7 d). The culturing procedure must produce 

7- to 8-d-old amphipods to start a long-term test with H. 
azteca (Table 14.3). 

10.3.2 The following procedure described by Call et al. 
(1994) and USEPA (199la) can be used to obtain known- 
age amphipods to start a test. Mature amphipods 
(50 organisms >30-d old at 23'C) are held in 2-L glass 
beakers containing 1 L of aerated culture water and cotton 
gauze as a substrate. Amphipods are fed 10 mL of a 
yeast-Cerophyl@trout chow (YCT) mixture (Appendix B)
and 10 mL of the green algae Selenast~m capricomutum 
(about 3.5 x 10' cells1mL). Five mL of each food is added 
to each culture daily, except for renewal days, when 
10 mL of each food is added. 

10.3.2.1 Water in the culture chambers is changed 
weekly. Survival of adults and juveniles and production of 
young amphipods should be measured at this time. The 
contents of the culture chambers are poured into a trans- 
lucent white plastic or white enamel pan. Afler the adults 
are removed, the remaining amphipods will range in age 
from <I-  to 7-d old. Young amphipods are transferred with 
a pipet into a I -L beakercontain~n~ culture water and are 
held for one week before startlna a toxicitv test. Oraan- 
isms are fed 10 mL of YCT and ibmL of Geen algae on 
start-up day, and 5 mL of each food each following day 
(Appendix B). Survival of young amphipods should be 
;8d% during this one-week holding Records should 
be kept on the number of survivino adults. number of 
breeding pairs, and young productih and survival. This 
information can be used todevelop control charts that are 
useful in determinina whether cultures are maintainina a 
vigorous reproductive rate indicative of culture heaih. 
Some of the adult amphipods can be expected to die in 
the culture chambers, but mortalitv areater than about 
50% should be cause for concern. ~cproductive rates in 
culture chambers containing 60 adults can be as high as 
500 young per week. A decrease in reproductive rate mav 
be caused by a change in waterquality, temperature, food 
quality, or brood stock health. Adult females will continue 
to reproduce for several months. 

10.3.3 A second procedure for obtaining known-age 
amphipods is described by Borgmann et al. (1989). Known- 
age amphipods are cultured in 2.5-L chambers containing 
about 1 L of culture water and between 5 and 25 adult 
H. azteca. Each chamber contains pieces of cotton gauze 
presoaked in culture water. Once a week the test organ- 
isms are isolated from the gauze and collected using a 
sieve. Amphipods are then rinsed into petri dishes where 
the young and adults are sorted. The adults are returned 
to the culture chambers containing fresh water and food. 

10.3.4 A third procedure for obtaining known-age amphi- 
pods is described by Greer (1993), Tomasovic et al. 
(1994), and lngersoll et al. (1998). Mass cultures of 
mixed-age amphipods are maintained in 80-L glass aquaria 
containing about 50 L of water (Ingersoll and Nelson, 
1990). A flaked food (e.g., Tetrafin@ ) is added to each 
culture chamber receiving daily water renewals to provide 
about 20 g dry solids150 L of water twice weekly in an 80-L 
culture chamber. Additional flaked food is added when 



most of the flaked food has been consumed. Laboratories 
usina static svstems should develo~ lower feedina rates 
spe;fic to their systems. Each cuiture chamber-has a 
substrate of maple leaves and artificial substrates (six 
20-cm diameter sections per 80-L aquaria of nylon 
"coiled-web material"; 3-M, St. Paul, MN). Before use, 
leaves are soaked in 30%0 salt water for about 30 d to 
reduce the occurrence of planaria, snails, or other organ- 
isms in the substrate. The leaves are then flushed with 
water to remove the salt water and residuals of naturally 
occurring tannic acid before placement in the cultures. 

10.3.4.1 To obtain known-aae am~h i~ods ,  a U.S. Stan- 
dard Sieve #25 (710-pm melh) is ljlackd underwater in a 
chamber containing mixed-age amphipods. A #25 sieve 
will retain mature am~h i~ods ,  and immature arnphipods 
will pass through the mesh. Two or three pikces of 
artificial substrate (3-M coiled-web material) or a mass of 
leaves with the associated mixed-age amphipods are 
quickly placed into the sieve. The sieve is brought to the 
top of the water in the culture chamber keeping all but 
about 1 cm of the sieve under water. The artificial sub- 
strates or leaves are then shaken under water several 
times to dislodge the attached amphipods. The artificial 
substrates or leaves are taken out of the sieve and placed 
back in the culture chamber. The sieve is aaitated in the 
water to rinse the smaller amphipods back inio the culture 
chamber. The largeramphipods remaining in the sieve are 
transferred with a ~ i ~ e t  into a dish and then placed into a 
shallow glass pan(e.g., pie pan) where immature amphi- 
pods are removed. The remaining mature amphipods are 
transferred using a pipet into a second #25 sieve which is 
held in a glass pan containing culture water. 

10.3.4.2 The mature amphipods are lefl in the sieve in the 
pan overnight to collect any newborn amphipods that are 
released. Afler 24 h, the sieve is moved up and down 
several times to rinse the newborn amphipods (<24-h old) 
into the surrounding water in the pan. The sieve is re- 
moved from the pan, and the mature amphipods are 
placed back into their culture chamber or placed in a 
second pan containing culture water if additional organ- 
isms are needed for testing. The newborn amphipods are 
moved with a pipet and placed in a culture chamber with 
flowing water during a grow-out period. The newborn am- 
phipods should be counted to determine if adequate num- 
bers have been collected for the test. 

10.3.4.3 Isolation of about 1500 (750 pairs) adults in 
amplexus provided about 800 newborn amphipods in 24 h 
and required about six man-hours of time. Isolation of 
about 4000 mixed-age adults (some in ampiexus and 
others not in amplexus) provided about 800 newborn 
amphipods in 24 hand required less than one man-hour of 
time. The newborn amphipods should be held for 6 to 13 d 
to provide 7- to 14-d-old organisms to start a 10-d test 
(Section 11) or should be held for 7 d to provide 7- to 
8-d-old organisms to start a long-term test (Section 14). 
The neonates are held in a 2-L beaker for 6 to 13 d before 
the start of a test. On the first day of isolation, the 
neonates are fed 10 mL of YCT (1800 mglL stock solu- 
tion) and 10 mL of Selenastrum capricornutum (about 

3.5 x 10' cells1mL). On the third, fifth, seventh, ninth, 
eleventh, and thirteenth davs afler isolation. the am~hi -  
pods are fed 5 mL of b 0 t h . y ~ ~  and S. capricornuium. 

Amphipods are initially fed a higher volume to establish a 

layer of food on the bottom of the culture chamber. If 

dissolved oxygen drops below 4 mglL, about 50% of the 

water should be replaced (Ingersoll et al., 1998). 


10.3.5 Laboratories that use mixed-age amphipods for 

testing must demonstrate that the procedure used to 

isolate amphipods will produce test organisms that are 

7- to 14-d old. For example, amphipods passing through a 

U.S. Standard #35 sieve (500 um). but stowed bv a 

#45 sieve (355 vm) averaged 1.54 mm (SD 0.0b) in length 

(P.V. Winger. USGS, Athens. GA, unpublished data). The 
mean length of these sieved organisms corresponds to 
that of 6-d-old amphipods ( ~ i g u 6  10.1). After holding for 
3 d before testing to eliminate organisms injured during 
sieving, these amphipods would be about 9 d old (length 
1.84 mm. SD 0.1 1) at the start of a toxicity test. 

10.3.5.1 lngersoll and Nelson (1990) describe the follow- 
ing procedure for obtaining mixed-age amphipods of a 
similar size to start a test. Smaller amphipods are iso- 
lated from larger amphipods using a stackof U.S. Stan- 
dard sieves: #30 (600 um). #40 (425 urn). and #60 1250 um). 
Sieves should be heid under wate; toisolate the aniphb 
pods. Amphipods may float on the surface of the wafer if 
thev are exposed to air. Artificial substrate or leaves are 

in the #30 sieve. Culture water is rinsed through 
the sieves and small amphipods stopped by the #60 sieve 
are washed into a collecting pan. Larger amphipods in the 
#30 and #40 sieves are returned to the culture chamber. 
The smaller amphipods are then placed in 1-L beakers 
containing culture water and food (about 200 amphipods 
per beaker) with gentle aeration. 

10.3.5.2 Amphipods should be held and fed at a rate 
similar to the mass cultures for at least 2 d before the 
start of a test to eliminate animals injured during handling. 

10.3.6 See Section 10.2.6 for procedures used to evalu- 
ate the health of cultures. 

10.4 Culturing Procedures for 
Chironomus tentans 

10.4.1 The culturing methods described below are based 
on methods described in USEPA (1991a), Ankley et al. 
(1994a). Call et al. (1994), Greer (1993). ASTM (1999a), 
and USEPA (1994a). A C. tentans 10-d survival and 
growth test must be started with second- to third-instar 
larvae (about 10-d-old larvae; Section 12; Figure 10.2). At 
a temperature of 23"C, larvae should develop to the third 
instar by 9 to 11 d afler hatching (about 11 to 13 d 
post-oviposition). The instar of midges at the start of a 
test can be determined based on head capsule width 
(Table 10.2) or based on weight or length at sediment test 
initiation. Average length of midge larvae should be 4 to 6 
mm. while average dry weight should be 0.08 to 0.23 mgl 
individual. A C. tentans long-term test must be started 
with larvae less than 24 h old (see Section 15.3 for a 



Flgure 10.1 	 Mean length (+I-2SD) and relative age of Hyalella azfeca collected by slevlng in comparison wlth length of 
known-age organisms. P.V. Wlnger, USGS, Athens, GA, unpublished data. 

Table 10.2 	 Chlronomus tentans lnstar and Head Capsule
Widths' 

Instar Days after Mean (mm) Range (mm) 
hatchlng 

First 1 to 4.4 0.10 0.09to 0.13 
Second 	 4.4 to 8.5 0.20 0.18to 0.23 
Third 	 8.5 to 12.5 0.38 0.33to 0.45 

Figure10.2. 	 Chlmnomus Wntans larvae. Note thoracic segments Fourth 212.5 . 0.67 0.63to 0.71 
whlch are used to measure lnstars. (Reprinted from 
clifiord, 1gg1 kind perm~sslonuniver. ' T.J. Norberg-King.USEPA, Duluth, MN, unpublished data.from 

slty of Albetta Press.) 


description of an approach for obtaining C. tentans larvae ease in removing larvae for testing. Sources of sand are 
less than 24 hold). listed in Section 7. 

10.4.2 Historically, third-instar C. tentans were frequently 10.4.3.1 Paper towels are prepared according to a proce- 
referred to as the second instar in the ~ublished literature. dure adaoted from Batac-Catalan and White 11982). Plain 
When C. tentans larvae were measured daily, the white kitdhen paper towels are cut into strips. 'Cut toweling 
C. tentans raised at 22°C to 24°C were third instar, not is loosely packed into a blender with culture water and 
second instar. bv 9 to 11 d afler hatchina (T.J. blended for a few seconds. Small ~ ieces  should be 
Norberg-King, USEPA, Duluth, MN, unpublished h a ) .  available to the organism; blending forioo long will result 

in a fine pulp that will not settle in aculture tank. Blended 
10.4.3 Both silica sand and shredded Daper toweling towels can then be added directlv to culture tanks. ellmi- 
have been used as substrates to cult;re' C. tentan: nating any conditioning period f i r  the substrate. A mass 
Either substrate may be used if a healthy culture can be of the toweling sufficient to fill a 150-mL beaker is placed 
maintained. Greer (1993) used sand or papertoweling to into a blender containing 1 L of deionized water, and 
culture midges; however, sand was preferred due to the blended for 30 sec or until the strips are broken apart in 

the form of a pulp. The pulp is then sieved using a 710-pm 



sieve and rinsed well with deionized water to remove the 
shortest fibers. 

10.4.3.2 Dry shredded papertoweling loosely packed into 
a 2-L beaker will provide sufficient substrate for about ten 
19-L chambers (USEPA, 1991a). The shredded toweling 
placed in a 150-mL beaker produces enough substrate for 
one 19-L chamber. Additional substrate can be frozen in 
deionized water for later use. 

10.4.4 Five egg cases will provide a sufficient number of 
organisms to start a new culture chamber. Egg cases 
should be held at 23°C in a glass beaker or crystallizing 
dish containing about 100 to 150 mL of culture water 
(temperature ciange should not exceed 2°C per d). Food 
is not added until the embwos start to hatch (in about 2 to . ....-
4 d at 23°C) to reduce the i s k  of oxygen depiction. About 
200 to 400 larvae are then placed into each culture 
chamber. Crowding of larvae will reduce growth. See 
Section 10.4.5.1 or 10.4.6.1 for a description of feeding 
rates. Larvae should reach the third instar by about 10 d 
after median hatch (about 12 to 14 d after the time the 
eggs were laid; Table 10.2). 

10.4.5 Chironornus tentans are cultured in soft water at 
the USEPA laboratory in Duluth (USEPA. 1993c) in glass 
aauaria (19.0-L capacity. 36 x 21 x 26 cm high). A water 
vd~umeof about 6 to 8 i in these flow-through chambers 
can be maintained by drilling an ovefflow hole in one end 
11 cm from the bottom. The top of the aquarium is 
covered with a mesh material to trap emergent adults. 
Pantvhose with the elasticized waist is positioned around 
the ihamber top and the legs are c i  off. Fiberglass-
window screen glued to a glass strip (about 2- to 3-cm 
wide) rectangle placed on top of each aquarium has also 
been used by Call et al. (1994). About 200 to 300 mL of 
40-mesh silica sand is placed in each chamber. 

10.4.5.1 The stocking density of the number of C. 
tentans eaas should be about 600 eaas per 6 to 8 L of -- . 
water. ~ a % o n  et al. (1999) found that the cultures in 15- 
L aquaria and 7 L of water were self-regulating in density 
regardless of the initial number of eggs stocked in each 
tank. However, tanks with a hii6er initial stocking 
density (i.e., 1400 eggsltank) increased the time of peak 
adult emergence to 30 to 33 d, whereas tanks with lower 
stocking densities (600 or 1000 eggsltank) had peak 
emergence at 22 to 25 d after hatching. 

10.4.5.2 Fish food flakes (i.e., TetrafinB ) are added to 
each culture chamber to provide a final food concentra- 
tion of about 0.04 mg dry solids1mL of culture water. A 
stock sus~ension of the solids is blended with distilled 
water to form an initial slurry. It is then filtered through 
a 200-micron Nitex screen and diluted with distilled water 
to form a 56 g dry solidslL final slurry (Appendix B). The 
larvae in each tank are fed 2.5 mL of slurry (140 mg of 
Tetrafin per day) from Day 0 to Day 7 and 5 mL of slurry 
(280 mg Tetrafin per day) from Day 8 on. Feeding is done 
after the water renewal process is completed. The stock 
suspension should be well mixed immediately before 
removing an aliquot for feeding. Each batch of food 

should be refrigerated and can be used for up to two 
weeks (Appendix B). Laboratories using static systems 
should develop lower feeding rates specific to their 
systems. 

10.4.6 Chironomus tentans are cultured by Greer (1993) 
in Rubbermaim5.7-L polyethylene cylindrical containers; 
The containers are modified bv cuttino a semicircle into 
the lid 17.75 cm across by '12.5 ck .  Stainless-steel 
screen (20 mesh10.4 cm) is cut to size and melted to the 
plastic lid. The screen provides air exchange, retains 
emerging adults, and is a convenient way to observe the 
culture. Two holes about 0.05 cm in diameter are drilled 
through the uncut portion of the lid to provide access for 
an aiiline and to introduce food. The food access hole is 
closed with a No. 00 stopwr. Greer (1993) cultures midaes 
under static conditions with moderate aeiation, and ab&t 
90% of the water is replaced weekly. Each 5.7-L culture 
chamber contains about 3 L of water and about 25 mL of 
fine sand. Eight to 10 chambers are used to maintain 
the culture. 

10.4.6.1 Midges in each chamber are fed 6 mud  of a 
100 alL suspension of fish food flakes (e.g., Tetrafin@) on 
~ u e c d a ~ .Wednesday, Thursday. ~riday;and sunday. A 
6-mL chlorella suspension (deactivated "Algae-Feast@ 
ChloreNa," Earthrise Co., Callpatria. CA) is added to each 
chamber on Saturday and on'hrlonday. he chlorella sus- 
pension is prepared by adding 5 g of dry chlorella 
powderlL of water. The mixture should be refrigerated and 
can be used for up to two weeks. 

10.4.6.2 The water should be replaced more often if 
animals appear stressed (e.g., at surface or pale color at 
the second instar) or if the water is cloudy. Water is 
replaced by first removing emergent adults with an aspira- 
tor. Any growth on the sides of the chamber should be 
brushed off before water is removed. Care should be 
taken not to pour or siphon out the larvae when removing 
the water. Larvae will tvpicallv stav near the bottom: 
however, a small-mesh sieve oinylon net can be used to 
catch any larvae that float out. After the chambers have 
been cleaned, temperature-adiusted culture water is poured 
back into each chamber. he water should be'added 
quickly to stir up the larvae. Using this procedure, the 
approximate size, number, and the general health of the 
culture can be observed. 

10.4.7 Adult emergence will begin about three weeks 
after hatching at 23°C. Once adults begin to emerge, they 
can be gently siphoned into a dry aspirator flask on a daily 
basis. i n  aspirator can be made using a 250- or 500-mi 
Erlenmever flask. a two-hole stoooer. some short sec- ~ ~ ~ --. 

~ ~ ~ . ~ . ~ ~ ~ .  
tions of 6.25-inch glass tubing, and TygonB tubing for 
collecting and providing suction (Figure 10.3). Adults 
should be aspirated with short inhalations to avoid injuring 
the organisms. The mouthpiece on the aspirator should 
be replaced or disinfected between use. Sex ratio of the 
adults should be checked to ensure that a sufficient 
number of males are available for mating and fertilization. 
One male may fertilize more than one female. However, a 
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Figure 10.3 Aspirator chamber (A) and reproduction and oviposit chamber (B) for adult mldges. 
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ratio of one male to three females improves fertilization 
success. 

10.4.7.1 A reproduction and oviposit chamber may be 
prepared in several different ways (Figure 10.3). Culture 
water (about 50 to 75 mL) can be added to the aspiration 
flask in which the adults were collected (Figure 10.3; 
Batac-Catalan and White, 1982). The USEPA Office of 
Research and Development Laboratory (Duluth, MN; 
USEPA, 1991a) uses a 500-mL collecting flask with a 
length of Nitex@ screen positioned vertically and extend- 
ing into the culture water (Figure 10.3). The Nitex@ screen 
is used by the females to position themselves just above 
the water during oviposition. The two-hole stopper and 
tubing of the aspirator should be replaced by screened 
material or a cotton plug for good air exchange in the 
oviposition chamber. 

10.4.7.2 Greer (1993) uses an oviposition box to hold 
emergent aduits.rhe box is constructed of a 5.7-Lcham- 
ber with a 20-cm tall cvlindrical chamber on top. The top 
chamber is wnst~ctedof stainless-steel screei(35 mesh/ 
2.54 cm) melted onto a plastic lid with a 17.75-cm hole. A 
5-cm hole is cut into the side of the bottom chamber and a 
# I1  stopper is used to close the hole. Egg cases are 
removed by first sliding a piece of plexiglass between the 
top and bottom chambers. Adult midges are then aspi- 
rated from the bottom chamber. The top chamber with 
plexiglass is removed from the bottom chamber and a 
forceps is used to remove the egg cases. The top cham- 
ber is put backon top of the bottom chamber, the plexiglass 
is removed, and the aspirated adults are released from 
the aspirator into the chamber through the 5-cm hole. 

10.4.8 About two to three weeks before the start of a test, 
at least 3 to 5 egg cases should be isolated for hatching 
using procedures outlined in Section 10.4.4. 

10.4.9 Records should be kept on the time to first 
emergence and the success of emergence for each cul- 
ture chamber. It is also desirable to monitor growth and 
head capsule width periodicaily in the cultures. See Sec- 
tion 10.2.6 for additional detail on procedures for evaluat- 
ing the health of the cultures. 

10.5 Culturing Procedures for 
Lumbrlculus variegatus 

10.5.1 The culturing procedures described below are 
based on methods described in Phipps et al. (1993), 
USEPA (1991a), Call et al. (1994), Brunson et al. (1998), 
and USEPA (1994a). Bioaccumulation tests are started 
with adult organisms. 

10.5.2 Lumbriculus variegatus are generally cultured with 
daily renewal of water (57- to 80-L aquaria containing 45 to 
50 L of water). 

10.5.3 Paper towels can be used as a substrate for 
culturing L. variegatus (Phipps et al., 1993). Substrate is 
prepared by cutting unbleached brown paper towels into 
strips either with a paper shredder or with scissors. Cut 

toweling is loosely packed into a blender with culture 
water and blended for a few seconds. Small pieces 
should be available to the organisms; blending fortoo long 
will result in a fine pulp that will not settle in culture tanks. 
Blended towels can then be added directly to culture 
tanks, eliminating any conditioning period forthe substrate. 
The paper towel substrate is renewed with blended towels 
when thin or bare areas appear in the cultures. The 
substrate in the chamber will generally last for about two 
months. 

10.5.4 Oligochaetes probably obtain nourishment from 
ingesting the organic matter in the substrate (Pennak, 
1989). Lumbriculus variegatus in each of the culture 
chambers are fed a 10-mL suspension of 6 g of trout 
starter 3 timeslweek. The particles will temporarily disperse 
on the surface film, break through the surface tension. 
and settle out over the substrae. Laboratories using 
static systems should develop lower feeding rates sue- 
cific to iheirsystems. Food and substrate used to culhre 
olioochaetes should be analvzed for comoounds to be ~ ~ ~~ , ,~~~ ~ ~~~ 

evaluated in bioaccumulation tests. If the concentration 
of the test compound is above the detection level and the 
food is not measured. the test mav be invalidated. Recent 
studies in other laboratories, for 6xample, have indicated 
elevated concentrations of PCBs in substrate andlor food 
used for culturing the oiigochaete (J. Amato. AScl Corpo- 
ration, Duluth, MN, personal communication). 

10.5.5 Phipps et al. (1993) recommend starting a new 
culture with 500 to 1000 worms. Conditioned paper towel- 
ing should be added when the substrate in a culture 
chamber is thin. 

10.5.6 On the dav before the start of a test. oliaochaetes 
can be isolated bytransferring substratefro'm tEe cultures 
into a beaker using a fine-mesh net. Additional organisms 
can be removed using a glass pipet (20-cm long, 5-mm 
i.d.; Phipps et al., 1993). Water can be slowly trickled into 
the beaker. The oligochaetes will form a mass and most 
of the remaining substrate will be flushed from the beaker. 
On the day theiest is started, organisms can be placed in 
alass or stainless-steel uans. A aentle stream of water 
;om the pipet can be used to spread out clusters of 
oligochaetes. The remaining substrate can be siphoned 
from the Dan bv allowing the worms to reform in a cluster 
on the bottom of the pan. For bioaccumulation tests, 
aliquots of worms to be added to each test chamber can 
be transferred using a blunt dissecting needle or dental 
pick. Excess wateccan be removed &ring transfer by 
touching the mass of oligochaetes to the edge of the pan. 
The mass of oligochaetes is then placed in a tared weigh 
boat, quickly weighed, and immediately introduced into 
the appropriate test chamber. Organisms should not be 
blotted with a paper towel to remove excess water ( B N ~ S O ~  
et al., 1998). 

10.5.7 The culture population generally doubles (number 
of organisms) in about 10 to 14 d. See Section 10.2.6 for 
additional detail on procedures for evaluating the health of 
the cultures. 
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Section 11 

Test Method 100.1 


Hyalella azteca 10-d Survival and Growth Test for Sediments 


11.1 	 Introduction 

1 1 .I.1 Hyalella azfeca (Saussure) have many desirable 
characteristics of an ideal sediment toxicity testing organ- 
ism including relative sensitivity to contaminants associ- 
ated with sediment, short aeneration time, contact with 
sediment, ease of cblture in-the laboratory, and tolerance 
to varying physico-chemical characteristks of sediment. 
Their resoonse has been evaluated in intellaboratow studies 
and has been confirmed with natural benthic popblations. 
Many investigators have successfully used H. azfeca to 
evaluate the toxicity of freshwater sediments (e.g., Nebeker 
et al.. 1984a; Borghann and Munwar, 1989;l@ersoll and 
Nelson, 1990; Ankley et al., 1991a; Ankley et al., 1991 b; 
Burton et al., 1989; Winger and Lasier, 1993; Kemble et 
at.. 1994). H. azteca has been used for a variety of 
sediment assessments (Ankley et al., 1991; West et al., 
1993; Hoke et al.. 1994, 1995; West et al., 1994). Hyalella 
azteca can also be used to evaluate the toxicity of 
estuarine sediments (up to 15 %O salinity; Nebeker and 
Miller, 1988; Roach et al., 1992; Winger et al., 1993). 
Endpoints typically monitored in 10-d sediment toxicity 
tests with H. azteca include survival and growth. 

11.1.2 A test method for conducting a 10-d sediment 
toxicity test is described in Section 11.2 for H. azteca. 
Methods outlined in Appendix A of USEPA (1994a) and in 
Section 11.1.1 were used for developing test method 
100.1. Results of tests using procedures different from 
the procedures described in Section 11.2 may not be 
comparable, and these different procedures may alter 
contaminant bioavailability. comparison of resuits ob- 
tained usina modified versions of these Droced~res miaht 
provide usgfui information concerning new concepts &d 
procedures for conducting sediment tests with aquatic 
oraanisms. If tests are conducted with procedures differ- 
eni from the procedures described in this manual, addi- 
tional tests are required to determine comparability of 
results (Section 1.3). 

11.2 	 Recommended Test Method for 
'Onducting a SedimentToxicity 
Test with Hyalella azteca 

11.2.1 Recommended conditions for conducting a 10-d 
sediment toxicity test with H. azteca are summarized in 
Table 11.1. A general activity schedule is outlined in 
Table 11.2. Decisions concerning the various aspects of 

experimental design, such as the number of treatments, 
number of test chambersltreatment, and water-quality 
characteristics should be based on the purpose of the test 
and the methods of data analysis (Section 16). The 
number of replicates and concentrations tested depends 
in Dart on the sianificance level selected and the tvoe of 
statistical analysis. When variability remains constant, 
the sensitivity of a test increases as the number of 
replicates increase. 

11.2.2 The recommended 10-d seaiment toxicity test 
with H.azfeca must be conducted at 23'C w~th a 16L:8D 
photoperiod at an illuminance of about 100 to 1000 lux 
(Table 11 .I). Test chambers are 300-mL high-form lipless 
beakers containing 100 mL of sediment and 175 mL of 
overlying water. Ten 7- to 144-old amphipods are used to 
start a test. The 10-d test should start with a narrow range 
in size or age of H.azfeca (i.e., 1- to 2-d range in age) to 
reduce potential variability in growth at the end of a 10-d 
test (Section 10.3.1). The number of replicatesltreatment 
depends on the objective of the test. Eight replicates are 
recommended for routine testing (Section 16). Amphipods 
in each test chamber are fed 1.0 mL of YCT food daily 
(Appendix 6). The first edition of the manual (USEPA, 
1994a) recommended a feeding level of 1.5 mL of YCT 
daily; however, this feeding level was revised to 1.0 mL to 
be consistent, with the feeding level in the long-term test 
with H. azfeca (Section 14). Each chamber re-
ceives 2 volume additionsld of overlying water. Water 
renewals may be manual or automated. Appendix A 
describes water-renewal systems that can be used to 
deliver overlying water. Overlying water can be culture 
water, well water, surface water, site water, or reconsti- 
tuted water. For site-specific evaluations, the characteris- 
tics of the overlying water should be as similar as pos- 
sible to the site where sediment is collected. Require- 
ments for test acceptability are summarized in Table 11.3. 

11.3 	 General Procedures 

11.3.1 	Sediment into Test Chambers 

11.3.1.1 The day before the sediment test is started 
(Day -1) each sediment should be thoroughly homog- 
enized and added to the test chambers (Section 8.3.1). 
Sediment should be visually inspected to judge the de-
gree of homogeneity, Excess water on the surface of the 
sediment can indicate separation of solid and liquid 
components, Ifa quantitativemeasure of homogeneity is 



Table 11.1 Test Conditions for Conducting a 10-d Sediment Toxicity Test with Hyalelfa azteea 

2. Temperature: 	 23 * 1'C 

3. Light quality: 	 Wide-spectrum fluorescent lights 

4. Illuminance: 	 About 100 to 1000 lux 

5. Photoperiod: 	 16L:8D 

6. Test chamber: 	 300-mL high-form lipless beaker 

7. Sediment volume: 

8. Overlying water volume: 

9, 	 Renewal of overlying water: 2 volume additionsld (Appendix A); continuous or Intermittent (e.g., 1 volume 
addition every 12 h) 

10. Age of organisms: 	 7- to 14-d old st the stall of lhe test (1- to 2-d range in age) 

11. Number of organismslchamber: 	 10 

12. 	Number of replicate chambersltreatment: Depends on the objective of the test. Eight replicates are recommended for routine 
testing (see Section 16). 

13. 	 Feeding: YCT food, fed 1.0 mL daily (1800 mglL stock) to each test chamber. The first 
ednion of the manual (USEPA. 1994a) recommended a feeding level of 1.5 mL of 
YCT dally; however, this feeding level was revised to 1.0 mL to be consistent with 
the feeding level in the long-term tests with H. arleca (Section 14). 

14. Aeration: 	 None, unless dissolved oxygen in overlying water drops below 2.5 mglL 

15. Overlying water: 	 Culture water, well water, surface water, site water, or reconstituted water 

18. 	 Test chamber cleaning: if screens become clogged during a test, gently brush the outside of the screen 
(Appendix A). 

17. 	 Overlying water quality: Hardness, alkal.nity, conducliv;ty, pH, and ammonia at the beginnng an0 end of a 
test. Temperature and dssolved oxygen daily. 

18. Test duration: 	 10 d 

19. Endpoints: 	 Survival and growth 

20. 	 Test acceptability: Mlnimum mean control sulv:vai of 80% and measurable growth of test organisms in 
the Conlrol seo.ment. Additional performance-based criteria specifications are 
outlined in Table 113 

Table 11.2 General Activity Schedule for Conducting a 10-d Sediment Toxicity Test with HyaleNa arteca ' 
Day ~ c t i v i t y  

-7 Separate known-age amphipods from the cultures and place In holding chambers. Begin preparing food for the test. There 
should be a 1- to 2-d range In age of amphipods used lo start lhe test. 

-6 lo -2 Feed and obselve Isolated amphipods (Section 10.3). monitor water quality (e.g.. temperature and dissolved oxygen). 

-1 Feed and observe Isolated amphipods (Section 10.3), monitor water quality. Add sediment into each test chamber, place 
chambers into exposure system, and start renewing overlying water. 

0 Mdasure total water quality (pH, temperature, tlissolved oxygen, hardness, alkalinity, conductivity, ammonia). Transfer 10 
7- to 14-day-old amphipods Into each test chamber. Release organisms under the surface of the water. Add 1.0 mL of YCT 
into each test chamber. Archive 20 test Organisms for length determination or archive 80 test organisms for dry weight 
determination. Observe behavior of test organisms. 

1 to 8 Add 1.0 mL of YCT food to each test chamber. Measure temperature and dissolved oxygen. Observe behavior of test 
organisms. 

9 Measure total water quality. 

10 Measure temperature and dissolved oxygen. End the test by collecting the amphipods with a sieve (Section 11.3.7.1). 
Count survivors and prepare organisms for weight or length measurements. 

a Modified from Call et al., 1994 



Table 11.3 Test Acceptability Requlrements for a 10-d Sedlment Toxiclty Test wlth Hyalella szteca 

A. It is recommended for conducting a 10-d test with Hyalella azteca that the following performance criteria be met: 

1. Age of H. ezfeca at the start of the lest must be between 7- to 14-d old. The 10-d test should start with a narrow range in size or 
age of H. azfeca (i.e.. 1- to 2-d range in age) to reduce potential variability in growth at the end of a 10-d test (Section 10.3.1). 

2. Average survival of H azleca in the control sediment must be greater than or equal to 80% at the end of the test. Growth of test 
organisms should be measurable in the control sediment at the end of the 10-d test (i.e.. relative to organisms at the start of the 
test). 

3. 	 Hardness, alkalinity, and ammonia in the Overlying Water typically should not vary by more than 50% dtjring the test, and dissolved 
oxygen should be maintained above 2.5 mglL in the overlying water. 

8. Performance-based criteria for culturing H. azteca include the following: 

1. 	 It may be desirable for laboratories to periodically perform 96-h water-only reference-toxicity tests to assess the sensitivity of 
culture organisms (Section 9.16.2). Data from these reference-toxicity tests could be used to assess genetic strain or life-stage 
sensitivity of test organisms to select chemicals. 

2. 	 Laboratories should track parental sulvivai in the cultures and record this information using control charts if known-age cultures are 
maintained. Records should also be kept on the frequency of restarting cultures and the age of brood organisms. 

3. 	 LaoJralories should record the following water-quality characlersl~cs of the cultures a1 least quarterly: pH, hardness, alkalnily, and 
ammonia. Dissolved oxygen in the c~.lures mould be meas~red weekly Temperalure of the cult-res shoed be recaroed oai y If 
staec cJ.tures are used .Imay be des rable lo measure water qua1 ly more frequent y 

4. 	 Laboratories should characterize and monitor background contamination and nutrient quality of food if problems are observed in 
culturing or testing organisms. 

5. 	 Physioiogical measurements such as lipid content might provide useful information regarding the health of the cultures. 

C. Additional requirements: 

1. 	 All organisms in a test must be from the same source. 

2. 	 Storage of sediments collected from the field should follow guidance outlined in Section 8.2. 

3. 	 All test chambers (and compartments) should be identical and should contain the same amount of sediment and overlying water. 

4. 	 Negative-control sediment and appropriate solvent controls must be included in a test. The concentration of solvent used must not 
adversely affect test organisms. 

5. 	Test organisms must be cultured and tested at 23'C (f1"C). 

6. 	 The daily mean test temperature must be within fl D C  of 23'C. The instantaneous temperature must always be within f3'C of 23'C. 

7. 	Natural physico-chemical characteristics of test sediment collected from the field should be within the tolerance limits of the test 
organisms. 

required, replicate subsamples should be taken from the 
sediment batch and analyzed forTOC, chemical wncen- 
trations. and oarticle size. 

11.3.1.2 Each test chamber should contain the same 
amount of sediment, determined either bv volume or bv 
weight. overlying water is added to th; chambers o;l 
Day -1 in a manner that minimizes suspension of sedi- 
ment. This can be accomplished by gently pouring water 
along the sides of the chambers orby water onto 
a baffle 1e.a.. a circular oiece of Teflon@ with a handle 
attachedj daced above'the sediment to dissipate the 
force of the water. A test begins when the organisms are 
added to the test chambers (Day 0). 

11.3.2 Renewal of Overlying Water 

11.3.2.1 Renewal of overlying water is required during a 
test. At any Particular time during the test, flow rates 
through any two test chambers should not differ by more 

than 10%. Hardness, alkalinitv and ammonia 
concentrations in the water above thebediment, within a 
treatment, tvoicallv should not varv bv more than 50% 
during the test. ~ o u n t  and ~ r u n g i ( l 6 6 7 )  diluters have 
beenmodified for sediment testing, and ocher automated 
water-delive~svstems have also been used 1Maki. 1977: 
lngersoll and- els son, 1990; Benoit et al., 1993; ~umwa l i  
et al.. 1994; Brunson et al., 1998; Wall et al.. 1998; 
Leopanen and Maier. 1998). The water-delive~ svstem 
should be calibrated before'a test is started to i e r ib  that 
the svstem is functionina orooerlv. Renewal of overlvino 
wate; is started on ~ a ;  '-1 befire the addition of'te; 
organisms or food on Day 0. Appendix A describes 
water-renewal systems that can be used for conducting 
sediment tests. 

11.3.2.2 In water-renewal tests with one to four volume 
additions of overlying waterld, water-quality characteris- 
tics generally remain similar to the inflowing water (Ingersoll 
and Nelson, 1990; Ankley et al., 1993); however, in static 



tests, water quality may change profoundly during the 
exposure (Shuba et al., 1978). For example, in static 
whole-sediment tests, the alkalinity, hardness, and 
conductivity of overlying water more than doubled in 
several treatments during a four-week exposure (Ingersoll 
and Nelson, 1990). Additionally, concentrations of meta- 
bolic products (e.g., ammonia) may also increase during 
static exposures, and these compounds can either be 
directly toxic to the test organisms or may contribute to 
the toxicity of the contaminants in the sediment. 
Furthermore, changes in water-quality characteristics such 
as hardness may influence the toxicity of many inorganic 
(Gauss et al., 1985) and organic (Mayer and Ellersieck, 
1988) contaminants. Although contaminant concentra- 
tions are reduced in the overlying water in water-renewal 
tests, organisms in direct contact with sediment generally 
receive a substantial proportion of a contaminant dose 
directly from either the whole sediment or from the 
pore water. 

11.3.3 Acclimation 

11.3.3.1 Test organisms must be cultured and tested at 
23°C. Ideally, test organisms should be cultured in the 
same water that will be used in testing. However, acclima- 
tion of test organisms to the test water is not required. 

11.3.3.2 Culturing of organisms and toxicity assessment 
are typically conducted at 23°C. However, occasionally 
there is a need to perform evaluations at temperatures 
different than that recommended. Under these circum- 
stances, it may be necessary to acclimate organisms to 
the desired test temoerature to Drevent thermal shock 
when moving immediately from the culture temperature to 
the test temperature (ASTM, 1999a). Acclimation can be 
achieved by exposing organisms to a gradual change in 
temperature; however, the rate of change should be rela- 
tively slow to prevent thermal shock. A change in tem- 
perature of 1 "C every 1 to 2 h has been used successfully 
in some studies (P.K. Sibley, University of Guleph. Guelph, 
Ontario, personal communication; APHA, 1989). Testing 
at temperatures other than 23°C needs to be preceded by 
studies to determine expected performance under alter- 
nate conditions. 

11.3.4 Placing Organisms in Test Chambers 

11.3.4.1 Test organisms should be handled as little as 
possible. Amphipods should be introduced into the overly- 
ing water below the air-water interface. Test oraanisms 
can be pipetted directly into overlying water. p he size of 
the test organisms at the start of the test should be 
measured using the same measure (length or weight) that 
will be used to assess their size at the end of the test. For 
length, a minimum of 20 organisms should be measured. 
For weight measurement, a larger sample size (e.g., 80) 
may be desirable because of the relative small mass of 
the organisms. This information can be used to determine 
consistency in the size of the organisms used to start a 
test. 

11.3.5 Feeding 

11.3.5.1 For each beaker, 1.0 mL of YCT is added from 
Day 0 to Day 9. Without addiiion of food, the test 
organisms may starve during exposures. However, the 
addition of the food may alter the availability of the 
contaminants in the sediment (Wiederholm et al., 1987; 
Harkey et al., 1994). Furthermore, if too much food is 
added to the test chamber or if the modality of test 
organisms is high, fungal or bacterial growth may develop 
0" the sediment surface. Therefore, the amount of food 
added to the test chambers is kept to a minimum. 

11.3.5.2 Suspensions of food should be thomughly mixed 
before aliquots are taken. If excess food collects on the 
sediment, a fungal Or bacterial growth may develop on the 
sediment surface, in which case feeding should be sus- 
pended for one or more days. A drop in dissolved oxygen 
below 2.5 mg1L durlng a test may indicate that the food 
added is not being consumed. Feeding should be sus- 
pended for the amount of time necessary to increase the 
dissolved oxygen concentration (ASTM, 1999a). If feed- 
ing is suspended in one treatment, it should be sus- 
pended in all treatments. Detailed records of feeding rates 
and the appearance of the sediment surface should be 
made daily. 

11.3.6 Monitoring a Test 

11.3.6.1 All chambers should be checked daily and 
obselvations made to assess test organism behavior 
such as sediment avoidance. However, monitoring ef- 
fects on burrowing activity of test organisms may be 
difficult because the test organisms are oflen not visible 
during the exposure. The operation of the exposure sys- 
tem should be monitored daily. 

11.3.6.2 MeasurementofOverlying Water-quality 
Characteristics 

11.3.6.2.1 Conductivity, hardness, pH, alkalinity, and 
ammonia should be measured in all treatments at the 
beginning and end of a test. Overlying water should be 
sampled just before water renewal from about 1 to 2 cm 
above the sediment surface using a pipet. It may be 
necessary to composite water samples from individual 
replicates. The pipet should be checked to make sure no 
organisms are removed during sampling of overlying water 
Water quality should be measured on each batch of water 
prepared forthe test. 

11.3.6.2.2 Dissolved oxygen should be measured dailv 
and should be maintainedat a minimum of 2.5 mg/L. lf a 
probe is used to measure dissolved oxvaen in overlvina 
water, it should be thoroughly inspeCted between samb~eg 
to make sure that organisms are not attached and should 
be rinsed between samples to minimize cross contamina- 
tion. Aeration can be used to maintain dissolved oxygen 
in the overlying water above 2.5 mglL (i.e., about 1 
bubblelsecond in the overlying water). Dissolved oxygen 
and pH can be measured directly in the overlying water 
with a probe. 



11.3.6.2.3 Temperature should be measured at least 
daily in at least one test chamber from each treatment. 
The temoerature of the water bath or the exposure cham- 
ber should be continuously monitored. he daily mean 
test temperature must be within i I o C  of 23°C. The 
instantaneous temperature must always be within k3"C 
of 23°C. 

11.3.7 Ending a Test 

11.3.7.1 Any of the surviving amphipods in the water 
column or on the surface of the sediment can be pipetted 
from the beaker before sieving the sediment. lmmobile 
organisms isolated from the sediment surface or from 
sieved material should be considered dead. A #40 sieve 
(425ym mesh) can be used to remove amphipods from 
sediment. Alternatively, Kemble et al. (1994) suggest 
sieving of sediment using the following procedure: (1) pour 
about half of the overlying water through a #50- (300ym) 
U.S. standard mesh sieve. (2) swirl the remaining water to 
suspend the upper 1 cm of sediment, (3) pour this slurry 
through the #50-mesh sieve and wash the contents of the 
sieve into an examination pan, (4) rinse the coarser 
sediment remaining in the test chamber through a #40- 
(425-pm) mesh sieve and wash the contents of this 
second sieve into a second examination pan. Surviving 
test organisms are removed from the two pans and counted. 
If orowth llenath) is to be measured (Inaersoll and Nelson. 
1690), tlie Gganisms can be in 8% sugar 
formalin solution. The sugar formalin solution is prepared 
by adding 120 g of sucrose to 80 mL of formalin, which is 
then brought to a volume of 1 L using deionized water. 
This stock solution is mixed with an equal volume of 
deionized water when used to preserve organisms. 
NoTox@ (Earth Safe Industries, Belle Mead. NJ) can be 
used as a substitute for formalin (Unger et al., 1993). 

11.3.7.2 A consistent amount of time should be taken to 
examine sieved material for recovery of test organisms 
(e.g.. 5 minlreplicate). Laboratories should demonstrate 
that their personnel are able to recover an average of at 
least 90% of the organisms from whole sediment. For 
example, test organisms could be added to control or test 
sediments, and recovery could be determined after Ih 
(Tomasovic et al.. 1994). 

11.3.8 Test Data 

11.3.8.1 Survival and growth are measured at the end of 
the 10-d sediment toxicity test with H. azteca. Growth of 
amphipods is oflen a more sensitive toxicity endpoint 
compared to survival (Burton and lngersoll, 1994; Kemble 
et al., 1994; Becker et al., 1995; lngersoll et al.. 1996; 
lngersoll et al., 1998; Steevens and Benson, 1998). The 
duration of the 10-d test starting with 7- to 14-d-old 
amphipods is not long enough to determine sexual matu- 
ration or reproductive effects. The 42-d test (Section 14) 
is designed to evaluate additional sublethal endpoints in 
sediment toxicity tests with H. azteca. See Section 
14.4.5.3 for a discussion of measuring dry weight vs. . .. ... .lengrn or H. azreca. 

Figure11.l	Hyalella azteca. (A) denotes the uropods: (B) denotes 
the base of the first antennae; (C) denotes the 
gnathopod used for grasping females. Meaurement 
of length Is made from base of the 3" uropod (A) to 
(B). Females are recognized by the presence of egg 
cases or the absence of an enlarged gnathopod. 
(Reprinted from Cole and Watklns, 1997 with kind 
permlsslon from Kluwer Academic Publishers.) 

11.3.8.2 Amphipod body length (fO.l mm) can be mea- 
sured from the base of the first antenna to the tip of the 
third uropod along the curve of the dorsal surface 
(Figure 11.1). lngersoll and Nelson (1990) describe the 
use of a digitizing system and microscope to measure 
lengths of H. azteca. Kemble et al. (1994) also photo- 
graphed invertebrates (at a magnification of 3.5X) and 
measured length using a computer-interfaced digitizing 
tablet. Antennal segment number can also be used to 
estimate length or weight of amphipods (E.L. Brunson, 
USGS. Columbia, MO, personal communication). Wet or 
dry weight measurements have also been used to esti- 
mate arowth of H. azteca (ASTM, 1999a). If test oraan- 
isms ale to be used for an evaluation of bioaccumulafion, 
it is not advisable to drv the samole before conductina the 
residue analysis. If cbnversion from wet weight t o  dry 
weight is necessary, aliquots of organisms can be weighed 
to establish wet to dry weight conversion factors. A 
consistent procedure should be used to remove the ex- 
cess water from the organisms before measuring wet 
weight. 

11.3.8.3 Dry weight of amphipods should be determined 
by pooling all living organisms from a replicate and drying 
the sample at about 60°C to 90°C to a constant weight. 
The sample is brought to room temperature in a desicca- 
tor and weighed to the nearest 0.01 mg to obtain mean 
weight per surviving organism per replicate (see Section 
14.3.7.6) The first edition of this manua! (USEPA, 
1994a) recommended dry weight as a measure of growth 
for both H. azteca and C. tentans. For C. tentans, this 
recommendation was changed in the current edition to 
ash-free dry weight (AFDW) instead of dry weight, with the 
intent of reducing bias introduced by gut contents (Sibley 
et al., 1997a). However, this recommendation was not 
extended to include H.azteca. Studies by Dawson et al. 
(personal communication, T.D. Dawson, Integrated Labo- 
ratory Systems, Duluth, MN) have indicated that the ash 
content of H. azteca is not greatly decreased by purging 
oraanisms in clean water before weiahina, suaaestina that 
s&iment does not comprise a largepo%on ofthe ocerall 
dry weight. In addition, using AFDWfurther decreases an 
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already small mass, potentially increasing measurement 
error. For this reason, dly weight continues to be the 
recommended endpoint forestimating growth of H.azteca 
via weight (growth can also be determined via length). 

11.4 Interpretationof Results 

11.4.1 Section 16 describes general information for inter- 
pretation of test results. The following sections describe 
species-specific information that is useful in helping to 
interpret the results of sediment toxicity tests with 
H. azteca. 

11.4.2 Age Sensitivity 

11.4.2.1 The sensitivity of H. azteca appears to be 
relatively similar up to atleast 24- to 26-d-old organisms 
(Collvard et al.. 1994). For examde. the toxicitv of diazinon. 
CU, ~ d ,and ~n was'similar in 96-11 water-on~exposures 
starting with 0- to 2-d-old organisms through 24- to 26-d- 
old organisms (Fiaure 11.2). The toxicitv of alkvl~henol 
ethoxgate (a surfictant) telided to increase wi t i  gge. In 
aeneral, this suaaests that tests started with 7- to 14-d- 
old amphipods would be representative of the sensitivity 
of H. azteca up to at least the adult life stage. 

11.4.3 Grain Size 

11.4.3.1 Hyalella azteca are tolerant of a wide range of 
substrates. Physico-chemical characteristics (e.g., grain 
size or TOC) of sediment were not sianilcantlv correlated 
to the response of H. azteca in toxicity tesis in which 
organisms were fed (Section 10.1.1.6; Ankley et al., 
1994a). 

11.4.4 Isolat ing Organisms at  the End  of a Test 

11.4.4.1 Quantitative recovely of young amphipods (e.g.. 
0- to 7-dold) is difficult given their small size (Figure 11.3, 
Tomasovic et al., 1994). Recovery of older and larger 
amphipods (e.g., 21-d old) is much easier. This was a 
primary reason for deciding to start 10-d tests with 7- to 
14-d-old amphipods (organisms are 17- to 24-d old at the 
end of the 10-d test). 

11.4.5 Influence of Indigenous Organisms 

11.4.5.1 Survival of H. azteca in 28-d tests was not 
reduced in the presence of oligochaetes in sediment 
samples (Reynoldson et al.. 1994). However, growth of 
amphipods was reduced when high numbers of 
oligochaetes were placed in a sample. Therefore, it is 
important to determine the number and biomass of indig- 
enous organisms in field-collected sediment in order to 
better interpret growth data (Reynoldson et al., 1994; 
DeFoe and Ankley, 1998). Furthermore, presence of preda- 
tors may also influence the response of test organisms in 
sediment (Ingersoll and Nelson, 1990). 

11.4.6 Ammonia toxicity 

11.4.6.1 Section 1.3.7.5 addresses interpretative auid- 
ance for evaluating toxicity associated wkh ammonia in 
sediment. 
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Section 12 

Test Method 100.2 


Chironomus tentans 10-d Survival and Growth Test for Sediments 


12.1 	 Introduction 

12.1.IChirunomus tentans(Fabricius)have many desir-
able characteristics of an ideal sediment toxicity testing 
organism including relative sensitivity to contaminants 
associatedwith sediment,contact with sediment, ease of 
culture in the laboratory, tolerance to varying physico-
chemical characteristics of sediment, and short genera-
tion time. The:rresponse has been evaluatedin inierlabo-
ratorv studies and has beenconfirmedwith naturalbenthic 
popjations. Many investigators have successfully used 
C. tentans to evaluate the toxicity of freshwater sedi-
ments (e.g., Wentsel et al., 1977; Nebeker et al., 1984a; 
Nebeker et al., 1988; Adams et al., 1985; Giesy et al., 
1988; Hoke et al., 1990; West et al., 1993; Ankley et al., 
1993; Ankley et al., 1994a; Ankley et a1.,1994b). 
C. tentans has been used for a variety of sediment 
assessments (Westet al., 1993; Hoke et al., 1994, 1995; 
West et al., 1994; Ankley et al., 1994~).Endpoints typi-
cally monitored in 10-d sediment toxicity tests with 
C. tentans includesurvival and growth (ASTM, 1999a). 

12.1.2 A specific test method for conducting a 10-d 
sediment toxicity test is described in Section 12.2 for 

. 	 C. tentans. Methods outlined in Appendix A of USEPA 
(1994a) and in Section 12.1.1 were used for developing 
test method 100.2. Results of tests using procedures 
different from the procedures described in Section 12.2 
may not be comparable and these different procedures 
may alter contaminant bioavailability. Comparison of re-
sults obtained usina modified versions of these Droce-~~ ~ ~~ ~ ~ ~~ - ~~ 	 ~~ 

dures might provide useful information concerning new 
concepts and procedures for conducting sediment tests 
with aouatic oraanisms. If tests are conductedwith oroce-
dures bifierenifrom the procedures described inthis 
manual,additional tests are requiredto determine compa-
rability of results (Section 1.3). 

12.2 	 Recommended Test Method for 
~ ~ ~a 10-d sedimentd ~ ~~ t ~ 
Test with Chironomus fentans 

12.2.1 Recommendedconditions for conducting a 10-d 
sediment toxicity test with C,tentansare summarized in 
Table 12.1. A general activity schedule is outlined in 
Table 12.2. Decisions concerning the various aspects of 
experimental design, such as the number of treatments, 
number of test chambersltreatment, and water-quaiity 

characteristics should be basedon the purpose of the test 
and the methods of data analysis (Section 16). The 
number of replicates and concentrations tested depends 
in part on the significance level selected and the type of 
statistical analysis. When variability remains constant, 
the sensitivity of a test increases as the number of 
replicates increases. 

12.2.2 The recommended 10-d sediment tox.city test 
with C. tenlans must be conductedat 23°C with a 16L:8D 
photoperiod at an illuminance of about 100 to 1000 lux 
(Table 12.1). Test chambers are 300-mL high-form lipless 
beakers containing 100 mL of sediment and 175 mL of 
overlying water. Ten second- to third-instar midges (about 
10-d old) are used to start a test (Section 10.4.1). The 
numberof replicatesltreatmentdepends on the objective 
of the test. Eight replicatesare recommendedfor routine 
testing (see Section 16). Midges ineachtest chamberare 
fed 1.5 mL of a 4-glL Tetrafin@suspension daily. Each 
test chamber receives 2 volume additionsld of overlying 
water. Water renewals may be manual or automated. 
Appendix A describeswater-renewal systems that can be 
used to del~veroverlying water. Overlying water can oe 
culture water, well water, surface water, site water, or 
reconstitutedwater. Forsite-specificevaluations,the char-
acteristics of the overlying water should be as similar as 
possibleto the site where sediment is collected. Require-
ments for test acceptabilityare summarized inTable 12.3. 

12.3 	 General Procedures 

12.3.1 	Sediment into Test Chambers 

The day before the sediment test is started (Day -1) each 
sediment should be thoroughly homogenizedand added 
to the test chambers (Section 8.3.1). Sediment should be 
visually inspected to judge the extent of homogeneity. 
Excesswater on the surface of the sedimentcan indicate 
separation of solid and liquid components. If a quantita-
tive measure of homogeneity is required, replicate sub-i ~~ ~ i ~ i ~ ~ samples should be taken from the sediment batch and 
analyzed for TOC, chemical concentrations,and particle 
size. 

12,3,1,1 Each test chamber should contain the same 
amount of sediment determined either by volume or by 
weight. Overlying is added to the chambers in a 
manner that minimizes suspension of sediment, This can 
be accomplished by gently pouringwater along the sides 



Table 12.1 Recommended Test Conditions for Conducting a 10-d Sediment Toxiclty Test wlth Chlmnomus tentans 

Parameter 

1. Test type: 

2. Temperature: 

3. Light quality: 

4. Illuminance: 

5. Photoperiod: 

6. Test chamber: 

7. Sediment volume: 

8. Overlying water volume: 

9. Renewal of overlying water: 

10. Age of organisms: 

Number of organismslchamber: 


Number of replicate chambersltreatment: 


Feeding: 


Aeration: 


Overlying water: 


Test chamber cleaning: 


Overlying water quality: 

Test duration: 


Endpoints: 


Test acceptability: 


Conditions 

Whole-sediment toxicity test with renewal of overlying water 

23 i 1'C 

Wide-spectrum Ouarescent tights 


About 100 to 1000 lux 


16L:ED 


300-mL high-form lipless beaker 


100 mL 


175 mL 


2 volume additionsld (Appendix A); continuous or intermittent (e.g., one volume 

addition every 12 h) 


Second- to third-instar larvae (about 10-d-old larvae; all organisms musl be third 

inslar or yo~nger wilh at least 50% of the organisms at third ~nstar. Sect on 10.4.1) 


10 


Depends on the objective of the test. Eight replicates are recommended for routine 

testing (see Section 16). 


Tetrafine goldfish food, fed 1.5 mL daily to each test chamber (1.5 mL contains 

6.0 mg of dry solids) 

None, unless dissolved oxygen in overlying water drops below 2.5 mglL 

Culture water, weii water, surface water, site water, or reconstituted water 

If screens become clogged during a test, gently brush the outside of the screen 
(Appendix A). 

Hardness, aikaimily. conduct#sty, pH, and ammonla at the beglnn ng and end of a 
test Temperature and dssoived oxygen dally 

Survival and growth (ash-free dry weight. AFDW) 

Minimum mean control survival must be 70%. with minimum mean weighVsuwiving 
control organism of 0.48 mg AFDW. Performance-based criteria specifications are 
outlined in Table 12.3. 

of the chambers or by pouring water onto a baffle (e.g., a 
circular piece of Teflon with a handle attached) placed 
above the sediment to dissipate the force of the water. 
Renewal of overlying water is started on Day -1. A test 
begins when the organisms are added to the test cham- 
bers (Day 0). 

12.3.2 Renewal of Overlying Water 

12.3.2.1 Renewal of overlying water is required during a 
test. At any particular time during the test, flow rates 
through any two test chambers should not differ by more 
than 10%. Hardness, alkalinity and ammonia concentra- 
tions in the water above the sediment, within a treatment, 
typically should not vary by more than 50% during the 
test. Mount and Brungs (1967) diluters have been modi- 
fied for sediment testing, and other automated water- 
delivery systems have also been used (Maki, 1977; 
lngersoll and Nelson, 1990; Benoit et al., 1993; Zumwalt 
et al.. 1994: Brunson et al., 1998; Wall et al., 1998: 
Leppanen and Maier. 1998). Each water-delivery system 
should be calibrated before a test is started to verify that 

the system is functioning properly. Renewal of overlying 
water is started on Day -1 before the addition of test 
organisms or food on Day 0. Appendix A describes 
water-renewal systems that can be used for conducting 
sediment tests. 

12.3.2.2 In water-renewal tests with one to four volume 
additions of overlying waterld, water-quality characteris- 
tics generally remain similar to the inflowing water (Ingersoll 
and Nelson, 1990; Ankley et al., 1993); however, in static 
tests, water quality may change profoundly during the 
exposure (Shuba et al., 1978). For example, in static 
whole-sediment tests, the alkalinity, hardness, and con- 
ductivity of overlying water more than doubled in several 
treatments durin$ a four-week exposure (Ingersoll and 
Nelson. 1990). Additionally, concentrations of metabolic 
products (e.g., ammonia) may also increase during static 
exposures, and these compounds can either be directly 
toxic to the test organisms or may contribute to the 
toxicity of the contaminants in the sediment. Furthermore, 
changes in water-quality characteristics such as hardness 
may influence the toxicity of many inorganic (Gauss et 



Table 12.2 General Activity Schedule for Conducting a 10-d Sediment Toxiclty Test with Chlmnomus tentans 

Day ~ c t i v ~ t y  

-14 Isolate adults for production of egg cases. 

-13 Place newly deposited egg cases into hatching dishes. 

-12 Prepare a larval rearing chamber with new substrate. 

-1 1 Examine egg cases for hatching success. If egg cases have hatched, transfer first-instar larvae and any remaining unhatched 
embtyos from the clystallizing dishes Into the larval rearing chamber. Feed organisms. 

-10 Same as Day -1 1 

-9 to -2 Feed and observe midges (Section 10.4). Measure water quality (e.g.. temperature and dissolved oxygen). 

-1 Add food to each larval rearing chamber and measure temperature and dissolved oxygen. Add sediment into each test chamber. 
place chamber into exposure system, and start renewing overlying water. 

0 Measure total water quality (temperature, pH. hardness, alkalinity, dissolved oxygen, conductivity, ammonia). Remove third-instar 
larvae from the culture chamber substrate. Add 1.5 mL ofTetrafm@ (4.0 glL) into each test chamber. Transfer 10 larvae into each 
test chamber. Release organisms under the surface of the water. Archive 20 test organisms for instar determination and weight 
or length determination. Observe behavior of test organisms. 

1 to8 Add 1.5 mL of food to each test chamber. Measure temperature and dissolved oxygen. Observe behavior of test organisms. 

9 Measure total water quality. 

10 Measure temperature and dissolved oxygen. End the test by collecting the midges with a sieve. Measure weight or length of 
surviving larvae. 

' Modified from Cali et al.. 1994 

al.. 1985) and organic (Mayerand Ellersieck, 1986) con- 
taminants. Although contaminant concentrations are re- 
duced in the overlying water in water-renewal tests, organ- 
isms in direct contact with sediment generally receive a 
substantial ~ r o ~ o r t i o n  ofa contaminant dose directlv from 
either the whole sediment or from the interstitial water. 

12.3.3 Acclimation 

12.3.3.1 Test organisms must be cultured and tested at 
23°C. Ideally, test organisms should be cultured in the 
same water that will be used in testing. However. acclima- 
tion of test organisms to the test water is not required. 

12.3.3.2 Culturing of organisms and toxicity assessment 
are typically conducted at 23°C. However, occasionally 
there is a need to perform evaluations at temperatures 
different than that recommended. Under these circum- 
stances, it may be necessary to acclimate organisms to 
the desired test temperature to prevent thermal shock 
when moving immediately from the culture temperature to 
the test temDerature IASTM. 1999al. Acclimation can be 

~~~,
achieved b; exposing organisms to a gradual chanae in 
temperature; however, the rate of change should beTela- 
tively slow to prevent thermal shock. A change in tem- 
perature of 1 "C every 1 to 2 h has been used successfully 
in some studies (P.K. Sibley. University of Guelph, Guelph, 
Ontario, personal communication: APHA. 1989). Testina 
at tempeiratures other than 23°C needs to be b i  
studies to determine expected performance under aiter- 
nate conditions. 

12.3.4 Placing Organisms in Test Chambers 

12.3.4.1 Test organisms should be handled as little as 
possible. Midges should be introduced into the overlying 
Water below the air-water interface. Test organisms can 
be pipetted directly into overlying water. eve lop mental 
stage of the test organisms should be documented from a 
suke t  of at least20 organisms used to start the test 
(Section 10.4.1). Develo~mental staae can be deter- -~ ~~ ~- ~- -

mined from head capsule width (Table 10.2), length (4 to6 
mm), or dry weight (0.08 to 0.23 mglindividual). It is 
desirable to measure size at test initiation usino the same 
measure as will be used to assess growth at'ihe end of 
the test. 

12.3.5 Feeding 

12.3.5.1 For each beaker. 1.5 mL of Tetrafin@ is fed from 
Day 0 to Day 9.' Without addition of food, the test 
organisms may starve during exposures. However, the 
addition of the food may alter the availability of the 
contaminants in the sediment (Wiederholm et al., 1987; 
Harkey et al., 1994). Furthermore, if too much food is 
added to the test chamber or if the mortalitv of test 
organisms is high, fungal or bacterial growth ma); develop 
on the sediment surface. Therefore. the amount of food 
added to the test chambers is kept to a minimum. 

12.3.5.2 Suspensions of food should be thoroughly mixed 
before aliquots are taken. If excess food collects on the 
sediment, a fungal or bacterial growth may develop on the 
sediment surface, in which case feeding should be sus- 
pended for one or more days. A drop in dissolved oxygen 
below 2.5 mglL during a test may indicate that the food 
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Table 12.3 Test Accsptablllty Requlremsntr for a 10-d Sediment Toxiclty Test wlth Chlronomus tentans 

A. it is recommended for conducting a 10-d test with C. fenlans that the following performance criteria be met: 

1. 	 Tests must be started with second- to thlrd-instar larvae (about 10-d-old larvae: see Section 10.4.1) 

2. 	 Average survlval of C. fenlans in the control sediment must be greater than or equal to 70% at the end of the test. 

3. 	 Average size of C. tenlans in h e  mnlrol sediment must be at least 0.48 mg AFDW at the end of the test. 

4. 	 Hardness, alkalinity, and ammonia in the overlying water typically should not vary by more than 50% during the test, and dissolved 
oxygen should be maintained above 2.5 mglL in the overlying water. 

B. Performance-based criteria for culturing C. lentans include the following: 

1. 	 It may be desirable for laboratories to periodically perform 96-h water-only reference-toxicity tests to assess the sensitivity of 
culture organisms (Section 9.16.2). Data from these reference-toxicity tests could be used to assess genetic strain or life-stage 
sensitivity of test organisms to select chemicals. 

2. 	 Laboratories should keep a record of time to first emergence for each culture and record this information using control charts 
Records should also be kept on the frequency of restarting cultures. 

3. 	 Laboratories should record the following water-quality characteristics of the cultures at least quarterly: pH, hardness, alkalinity, and 
ammonia. Dissolved oxygen in the Cultures should be measured weekly. Temperature of the cultures should be recorded daily. If 
static cultures are used, it may be desirable to measure water quality more frequently. 

4. 	 Laboratories should characterize and monitor background contamination and nutrient quality of food if problems are observed in 
culturing or testing organisms. 

5. 	 Physiological measurements such as lipid content might provide useful information regarding the health of the cultures 

C. Additional requirements: 

I.All organlsms in a test must be from the same source 

2. 	 Storage of sediments collected from the field should follow guidance outlined in Section 8.2. 

3. 	 All lest chambers (and compartments) should be identical and should contain the same amount of sediment and overlying water 

4. 	 Negative-control sediment and appropriate solvent controls must be included in a test. The concentration of solvent used must not 
adversely affect test organisms. 

5. 	 Test organisms must be cultured and tested at 23°C (*IoC). 

6. 	 The daily mean test temperature must be within fl'C of 23% The instantaneous temperature must always be within f3'C of 23'C. 

7. 	 Natural physico-chemical characteristics of test sediment collected from the field should be within the tolerance limits of the test 
organisms. 

added is not being consumed. Feeding should be sus- sampled just before water renewal from about 1 to 2 cm 
pended for the amount of time necessary to increase the above the sediment surface using a ~ i ~ e t .  It mav be 
dissolved oxygen concentration (ASTM, i999a). If feeding necessary to composite water samples h m  indivrdual 
is sus~ended in one treatment, it should be susoended in The ~ i o e t  .~re~licates. should be checked to make sure nn~~ 	 ~ 

all treatments. Detailed records of feeding rate's and the organisms are ieinoved during sampling of overlvina wa- 
appearance of the sediment surface shbuld be made ter. Water quality should be meas&ed& each bakh of 
daily. water prepared for the test. 

12.3.6 	 Monitoring a Test 12.3.6.2.2 Water-only exposures evaluating the tolerance 
of C. tentans larvae to depressed DO have indicated that 

12.3.6.1 All chambers should be checked daily and significant reductions in weight occurred afler 10-dexpo-
obselvations made to assess test organism behavior sure to 1.1 mglL DO, but not at 1.5 mg/L (V. Mattson, 
such as sediment avoidance. However, monitoring ef- USEPA, Duluth, MN, personal communication). This 
fects on burrowing activity of test organisms may be finding concurs with the observations during method 
difficult because the test organisms are often not visible development at the USEPA laboratory in Duluth that 
during the exposure. The operation of the exposure SYS- excursions of DO as low as 1.5 mglL did not seem to 
tern should be monitored daily. have an effect on midge survival and development (P.K. 

Sibley, University of Guelph, Guelph, Ontario, personal 
12.3.6.2 	 MeasurementofOverlying Water-Quality communication). Based on these findings, it appears that 

Charactertstics periodic depressions of DO below 2.5 mg/L (but not below 
1.5 mglL) are not likely to adversely affect test results. 

12.3.6.2.1 Conductivity, hardness, pH, alkalinity, and 	 and thus should not be a reason to discard test data. be measured in all treatments at the Nonetheless, tests should be managed toward a goal of 
beginning and end of a test. Overlying water should be DO > 2.5 mg/L to insure satisfactory performance. If the 



DO level of the water falls below 2.5 mglL for any one 
treatment, aeration is encouraged and should be done in 
all replicates for the duration of the test. Occasional 
brushing of screens on outside of beakers will help main- 
tain thsexchange of water during renewals using the 
exoosure svstem described bv Benoit et al. (1993). If a 
&be is used to measure DO i ioverlying water, it should 
be thoroughly inspected between samples to make sure 
that oraanisms are not attached and should be rinsed 
bitwe& samples to minimize cross contamination. Aera- 
tion can be used to maintain dissolved oxvaen in the .... . 
overlying water above 2.5 mglL (i.e., aboit-I bubble1 
second in the overlying water). 

12.3.6.2.3 Temperature should be measured at least 
daily in at least one test chamber from each treatment. 
The temperature of the water bath or the exposure cham- 
ber should be continuously monitored. The daily mean 
test temoerature must be within f1°C of 23°C. The instan- . 
tane~uitem~eraturemust always be within i3'C of 23°C. 

12.3.7 Ending a Test 

12.3.7.1 Immobile organisms isolated from the sediment 
surface or from sieved material should be considered 
dead. A #40 sieve (425-pm mesh) can be used to remove 
midges from sediment. Alternatively, Kemble et al. (1994) 
suggest sieving of sediment using the following proce- 
dure: (1) pour about half of the overlying water through a 
#50- (300-pm) U.S. standard mesh sieve, (2) pour about 
half of the sediment through the #50-mesh sieve and 
wash the contents of the sieve into an examination pan, 
(3) rinse the coarser sediment remaining in the test cham- 
ber through a #40- (425-vm) mesh sieve and wash the 
contents of this second sieve into a second examination 
pan. Surviving midges can then be isolated from these 
pans. See Section 12.3.8.1 and 12.3.8.2 for the proce- 
dures for measuring weight or length of midges. 

12.3.7.2 A consistent amount of time should be taken to 
examine sieved material for recovery of test organisms 
(e.g., 5 minlreplicate). Laboratories should demonstrate 
that their Dersonnel are able to recover an average of at 
least 90% of the organisms from whole sediment. For 
example, test organibms could be added to control sedi- 
ment and recovery could be determined after 1 h 
(Tomasovic et al., 1994). 

12.3.8 Test Data 

12.3.8.1 Ash-free dry weight (AFDW) and survival are the 
endpoints measured at the end of the 10-d sediment 
toxicity test with C. tentans. The 104  method for C. tentans 
in the first edition of this manual (USEPA, 1994a), as well 
as most previous research, has used dry weight as a 
measure of growth. However. Sibley et al. (1 997b) found 
that the grain size of sediments influences the amount of 
sediment that C. tentans larvae ingest and retain in their 
gut. As a result, in finer-grain sediments, a substantial 
portion of the measured dry weight may be comprised of 
sediment rather than tissue. While this may not represent 
a strong bias in tests with identical grain size distributions 

in all treatments, most field assessments are likely to 
have varying grain size among sites. This will likely 
create differences in dry weight among treatments that 
are not reflective of true somatic growth. For this reason, 
weight of midges should be measured as ash-free dry 
weight (AFDW) instead of dry weight. AFDW will more 
dir&tly 'refleci actual differences-in tissue weight by 
reducing the influence of sediment in the gut. The dura- 
tion of the 10-d test starting with third-instar larvae is not 
long enough to determine emergence of adults. Average 
size of C. lentans in the control sediment must be at least 
0.6 mg at the end of the test (0.48 mg AFDW) (Ankley et 
al.. 1993: ASTM. 1999a; Section 17.5). If test organisms 
are to be used for an evaluation of bioaccumulation, it is 
not advisable to dry the sample before conducting the 
residue analysis. If conversion from wet weight to dry 
weight is necessary, aliquots of organisms can be weighed 
to establish wet to dry weight conversion factors. A 
consistent procedure should be used to remove the ex- 
cess water from the organisms before measuring wet 
weight. 

12.3.8.2 For determination of AFDW, first pool all living 
larvae in each replicate and dry the sample to a constant 
weight (e.g., 60'C for 24 h). Note that the weigh boats 
should be ashed before use to eliminate weighing errors 
due to the pan oxidizing during ashing. The sample is 
brought to room temperature in a dessicator and weighed 
to the nearest 0.01 mg to obtain mean weights per surviv- ' 
ing organism per replicate. The dried larvae in the pan are 
then ashed at 550°C for 2 h. The pan with the ashed 
larvae is then reweighed and the tissue mass ofthe larvae 
is determined as the difference between the weight of the 
dried larvae plus pan and the weight of the ashed larvae 
plus pan. In rare instances where presewation is re- 
quired, an 8% sugar formalin solution can be used to 
preserve samples (USEPA, 1994a), but the effects of 
preservation on the weights and lengths of the midges 
have not been sufficiently studied. Pupae or adult organ- 
isms must not be included in the sample to estimate ash- 
free dry weight. If head capsule width is to be measured, 
it shoGd bemeasured on s u ~ i v i n ~  midges a1 the end of 
the test before ash-free drv weiaht is determined. . -

12.3.8.3 Measurement of length is optional. Separate 
re~licatebeakers should be set UD to sam~ le  lenaths of 
midges at the end of an exposure:~n 6% sugar fckal in 
solution can be used to preserve samples for length 
measurements (Ingersoll and Nelson. 1990). The sugar 
formalin solution isprepared by adding 120 g of sucrose 
to 80 mL of formalin, which is then brought to a volume of 
1 L using deionized water. This stock solution is mixed 
with an equal volume of deionized water when used to 
preserve organisms. NoToxk3 (Earth Safe Industries. 
Belle Mead, NJ) can be used as a substitute for formalin 
(Ungeret al., 1993). Midge body length (iO.l mm) can be 
measured from the anterior of the labrum to the posterior 
of the last abdominal segment (Smock, 1980). Kemble et 
al. (1994) photographed midges at magnification of 3.5X 
and measured the images using a computer-interfaced 
digitizing tablet. A digitizing system and microscope can 



also be used to measure length (Ingersoll and Nelson, 
1990). 

12.4 Interpretation of Results 

12.4.1 Section 16 describes general information for inter- 
pretation of test results. The following sections describe 
species-specific Information that is useful in helping to 
interpret the results of sediment toxicity tests with 
C. tentans. 

12.4.2 Age Sensitivity 

12.4.2.1 Midges are perceived to be relatively insensitive 
oraanisms in toxicity assessments (Ingersoll, 1995). This 
conclusion is basedon measuring s u i i ~ a l  of fourth-instar 
larvae in short-term water-only exposures, a procedure 
that may underestimate the sinsidvity of midges to toxi- 
cants. The first and second instars of chironomids are 
more sensitive to contaminants than the third or fourth 
instars. For example, first-instar C.tentans larvae were 
6 to 27 times more sensitive than fourth-instar larvae to 
acute copper exposure (Nebeker et al., 1984b; Gauss et 
at., 1985; Figure 12.1) and first-instar C. riparius larvae 
were 127 times more sensitive than second-instar larvae 
to acute cadmium .exposure (Williams et al., 198613; 
Figure 12.1). In chronic tests with first-instar larvae, midges 
were often as sensitive as daphnids to inorganic and 
organic compounds (Ingersoll et al., 1990). Sediment 
tests should be started with uniform age and size midges 
because of the dramatic differences in sensitivity of 
midges by age. Whereas third-instar midges are not as 
sensitive as younger organisms, the larger larvae are 
easier to handle and isolate from sediment at the end of a 
test. 

12.4.2.2 DeFoe and Ankley (1998) studied a variety of 
contaminated sediments and showed that the sensitivity 
of C. tentans 10-d tests is greatly increased by measure- 
ment of orowth in addition to survival. Growth of midaes 
in 10-d sediment tests was found to be a more sensigve 
endpoint than survival of Hyalella azteca (DeFoe and 
Anklev. 19981. In cases where sensitivity of oraanisms 
before the thkd instar is of interest, the iong-term sedi- 
ment exposures can be used, since they begin with newly 
hatched larvae (Section 15). 

12.4.3 Physical characteristics of sediment 

12.4.3.1 Grain Size 

12.4.3.1.1 Larvae of C.tentansappear to be tolerant of a 
wide range of particle size conditions in substrates. Sev- 
eral studies have shown that survival is not affected by 
particle size in natural sediments, sand substrates, or 
formulated sediments in both 10-d and long-term expo- 
sures (Ankley et al., 1994; Suede1 and Rodgers, 1994; 
Sibley et al., 1997b, 1998). Ankley et al. (1994a) found 
that growth of C. tentans larvae was weakly correlated 
with sediment grain size composition, but not oraanic 
carbon, in 10-d rests using 50 natural sediments from the 
Great Lakes. However, Sibley et al. (1997b) found that 

the correlation between grain size and larval growth disap- 
peared after accounting for inorganic material contained 
within larval guts and concluded that growth of C. tentans 
was not related to grain size composition in either natural 
sediments or sand substrates. Avoiding confounding 
influences of gut contents on weight is the impetus for 
recommending ash-free dry weight (instead of dry weight) 
as the index of growth in the 10-day and long-term 
C. tentans tests. Failing to do so could lead to erroneous 
conclusions regarding the toxicity of the test sediment 
(Sibley et al., 1997b). Procedures for correcting for gut 
contents are described in Section 12.3.8. Emergence. 
reproduction (mean eggslfemale), and hatch success 
were also not affected by the particle size composition of 
substrates in lona-term tests with C. tentans (Siblev et 
a(., 1998; section-15). 

12.4.3.2 Organic Matter 

12.4.3.2.1 Based on 10-d tests, the content of organic 
matter in sediments does not appear to affect survival of 
C. tentans larvae in natural and formulated sediments, but 
may be important with respect to larval growth. Ankley et 
al. (1994a) found no relationship between sediment or- 
ganic content and survival or growth in 10-d bioassays 
with C. tentans in natural sediments. Suedel and Rodgers 
(1994) observed reduced survival in 10-d tests with a 
formulated sediment when organic matter was <0.91%; 
however, supplemental food was not supplied in this 
study, which may influence these results relative to the 
10-d test procedures described in this manual. Lacey et 
al. (1999) found that survival of C. tentans larvae was 
generally not affected in 10-d tests by either the quality or 
quantity of synthetic (alpha-cellulose) or naturally derived 
(peat, maple leaves) organic material spiked into a formu- 
lated sediment, although a slight reduction in survival 
below the acceptability criterion (70%) was observed in a 
natural sediment diluted with formulated sediment at an 
organic matter content of 6%. In terms of larval growth, 
Lacey et al. (1999) did not observe any systematic rela- 
tionship between the level of organic material (e.g., food 
quantity) and larval growth for each carbon source. Al-
though a significant reduction in growth was observed at 
the highestconcentration (10%iof the leaf treatment in 
the food quantity study, significantly higher larval growth 
was observed in this treatment when the different carbon 
sources were compared at about equal concentrations 
(effect of food quality). In the latter study, the following 
gradient of larval growth was established in relation to the 
source of oraanic carbon: eat <natural sediment c al~ha-
cellulose< Laves. ~ince'al l  of the treatments receivkd a 
supplemental source of food, these data suggest that 
both the quality and quantity of organic carbon in natural 
and formulated sediments may represent an important 
confounding factor for the growth endpoint in tests with 
C. tentans (Lacey et al., 1999). However, it is important 
to note that these data are based on 10-d tests; the 
applicability of these data to long-term testing has not 
been evaluated (Section 15). 
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Figure 12.1 Lifestage sensitivity of chironomlds. 



12.4.4 Isolating Organisms a t  the End o f  a Test 

12.4.4.1 Quantitative recovery of larvae at the end of a 
10-d sediment test should not-be a problem. The larvae 
are red and typically greater than 5 mm long. 

12.4.5 Influence o f  Indigenous Organisms 

12.4.5.1 The influence of indigenous organisms on the 
response of C. tentans in sediment tests has not been 
reported. Survival of a closely related species, C. riparius 
was not reduced in the presence of oligochaetes in sedi- 
ment samples (Reynoldson et at.. 1994). However, growth 
of C. riparius was reduced when high numbers of oli- 
gochaetes were placed in a sample. Therefore, it is 
important to determine the number and biomass of indig- 
enous organisms in field-collected sediment in order to 
better interpret growth data (Reynoldson et at., 1994; 
DeFoe and Ankley, 1998). Furthermore, presence of 
predators may also influence the response of test organ- 
isms in sediment (Ingersoll and Nelson, 1990). 

12.4.6. Sexual Dimorphism 

12.4.6.1 Differences in size between males and females 
of a closely related midge species (Chironomus riparius) 
had little effect on interpretation of growth-related effects 
in sediment tests ( ~ 3 %  probability of making a Type I 
error [nontoxic sample classified as toxic] due to sexual 
dimorphism; Day et al., 1994). Therefore, sexual dimor- 
phism will probably not be a confounding factor when 
interpreting growth results measured in sediment tests 
with C. tentans. 

12.4.7 Ammonia Toxicity 

12.4.7.1 Section 1.3.7.5 addresses interpretative guid- 
ance for evaluating toxicity associated with ammonia in 
sediment. 



Section 13 

Test Method 100.3 


Lumbriculus variegatus Bioaccumulation Test for Sediments 


13.1 	 Introduction 

13.1.1 Lumbriculus variegalus (Oligochaeta) have many 
desirable characteristics of an ideal sediment bioaccumu- 
lation testing organism including contact with sediment, 
ease of culture in the laboratory, and tolerance to valying 
ohvsico-chemical characteristics of sediment. The re- ,~ ,~~~ ~ 

sponse of L. variegatus in laboratory exposures has been 
confirmed with natural benthic populations. Many investi- 
oators have successfullv used L. variegatus in toxicity or 
~ioaccumulation tests. yoxicity studies have been con- 
ducted in water-only tests (Bailey and Liu, 1980; Hornig, 
1980; Ewell et al., 1986; Nebeker et al., 1989; Ankley et 
al., 1991a; Ankley etal., 1991b), in effluenttests (Hornig, 
1980), and in whole-sediment tests (Nebekeret al., 1989; 
Ankley et al., 1991a; Ankley et al., 1991b; Ankley et al., 
1992a; Call et al., 1991; Carlson et al., 1991; Phipps et 
at.. 1993: West et al., 1993). Several studies have re- 
ported the use of L. variegatus to examine bioaccumula- 
tion of chemicals from sediment (Schuvtema et al.. 1988: 
Nebeker et al., 1989; Ankley et al., i991b; Call et al., 
1991; Carlson et al., 1991; Ankley et al., 1993; Kukkonen 
and Landrum, 1994; and Brunson et al.. 1993, 1998). 
However, interlaboratory studies have not yet been con- 
ducted with L. variegatus. 

13.1.2 Additional research is needed on the standardiza- 
tion of bioaccumulation procedures with sediment. There- 
fore. Section 13.2 describes general guidance for con- 
ducting a 28-d sediment bioaccumulation test with 
L. variegatus. Methods outlined in Appendix A of USEPA 
(1994a) and in Section 13.1 .Iwere used for developing 
this general guidance. Results of tests using procedures 
different from the procedures described in Section 13.2 
may not be comparable, and these different procedures 
may alter bioavailability. Comparison of results obtained 
using modified versions of these procedures might pro- 
vide useful information concerning new concepts and 
procedures for conducting sediment tests with aquatic 
organisms. If tests are conducted with procedures differ- 
ent from the procedures described in this manual, addi- 
tional tests are required to determine comparability of 
results (Section 1.3). 

13.2 	 Procedure for Conducting Sediment 
Bioaccumulation Tests with 

~~ ~~ 

Lumbriculus variegatus 

13.2.1 Recommended test conditions for conducting a 
28-d sediment bioaccumulation test with L. vaflegatus are 
summarized in Table 13.1. Table 13.2 outlines proce- 
dures for conducting sediment toxicity tests with L. vane- 
oatus. A aeneral activitv schedule is outlined in Table 13.3. "~ 

~ e c i s i o Gconcerning ihe various aspects of experimen- 
tal design, such as the number of treatments, number of 
test chambersltreatment, and water-quality characteris- 
tics should be based on tne purpose of the test and the 
methods of data analvsis (Section 161. The number of 
replicates and conceniratidns tested depends in part on 
the significance level selected and the type of statistical 
analysis. When variability remains constant, the sensitiv- 
ity of a test increases as the number of replicates increases. 

13.2.2 The recommended 28-d sediment bioaccumula- 
tion test with L. variegatus can be conducted with adult 
oligochaetes at 23°C with a 16L:8D photoperiod at a 
illuminance of about 100 to 1000 lux (Table 13.1). Test 
chambers can be 4 to 6 L that contain 1 to 2 L of sediment 
and 1 to 4 L of overlvina water. The number of replicates1 
treatment dependd on the objective of the test. Five 
replicates are recommended for routine testing 
(Section 16). To minimize depletion of sediment contami- 
nants, the ratio of total organic carbon in sediment to dry 
weight of organisms should be about 50:l. A minimum of 
Iglreplicate with up to 5 glreplicate should be tested. 
Oligochaetes are not fed during the test. Each chamber 
receives 2 volume additionsld of overlying water. Appen- 
dix A and Brunson et al., (1998) describe water-renewal 
systems that can be used to deliver overlying water. 
Overlying water can be culture water, well water, surface 
water, site water, or reconstituted water. For site-specific 
evaluations, the characteristics of the overlying water 
should be as similar as possible to the site where sedi- 
ment is collected. Requirements for test acceptability are 
outlined in Table 13.4. 

13.2.2.1 Before starting a 28-d sediment bioaccumulation 
test with L. varieqatus, a toxicity screening test can be 
conducted for atieast 4 d using procedures outlined in 
Table 13.2 (Brunson et al.. 1993). The preliminary toxicity 
screening test is conducted at 2 k ~  photo-with a 1 6 ~ : s ~  
period at an illuminance of about 100 to 1000 lux. Test 
chambers are 300-mL high-form lipless beakers containing 
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Table 13.1 Recommended Test Condlllons for Conducting a 28-d Sediment Elloaccumulation Test wlth Lumbrlculus verlegatus 

Parameter 	 Conditions 

1. Test type: 	 Whole-sediment bioaccumulalion test with renewal of overlying water 

2. Temperature: 	 23 * 1'C 

3. Light quality: 	 Wide-spectrum fluorescent lights 

4. Illuminance: 	 About 100 to 1000 lux 

5. Photoperiod: 	 16L:BO 

6. Test chamber: 	 4- to 6-L aquaria with stainless steel screens or glass standpipes 

7. Sediment volume: 	 1 L o r  more depending on TOC 

8. Overlying water volume: 	 1 L or more depending on TOC 

9. 	 Renewal of overlying water: 2 voiume additionsld (Appendix A); continuous or intermittent (e.g.. one volume 
addition every 12 h) 

10. Age of test organisms: 	 Adults 

11. Loading of organlsms in chamber: 	 Ratio of total organic carbon in sediment to organism dry weight should be no less 

than 50:l. Minimum of 1 glreplicate. Preferably 5 glreplicate. 


12.Number of replicate chambersltreatment: Depends on the objective of the test. Five replicates are recommended for routine 
testing (see Section 16). 

13. Feeding: 	 None 

14. Aeration: 	 None, unless DO in overlying water drops below 2.5mglL 

15. Overlying water: 	 Culture water, well water, surface water, site water, or reconstituted water 

16. ~ e s tchamber cleaning: if screens become clogged during the test, gently brush the oulside of the screen 
(Appendix A). 

17. Overlying water qualily: Hardness, alkalinity, conductivity, pH, and ammonia at the beginning and end of a 
test. Temperature and dissolved oxygen daily. 

18. Test duration: 	 28d 

19. Endpoint: 	 Bioaccumulation 

20. Test acceptability: 	 Performance-based criteria specifications are outlined in Table 13.4 

100 mL of sediment and 175 mL of overlying water. Ten sediment can indicate separation of solid and liquid com- 
adult oi~gocnaetes/replicate are used to start a test. Four ponents. If a quantitative measure of homogeneity is 
replicates are recommended for toxicity screening tests. required, replicate subsamples should be taken from the 
~hgochaetesare not fed during the test. Each chamber sediment batch and analyzed for TOC, chemical concen- 
receives 2 volume additionsld of overlying water. Appen- trations, and particle size. 
dix A and Brunson et al. (1998) describe water-renewal 
systems that can be used to deliver overlying water. 13.3.1.2 Each test chamber should contain the same 
Overlying water should be similar to the water to be used amount of sediment, determined either by volume or by 
in the bioaccumulation test. Endpoints monitored at the weight. Overlying water is added to the chambers in a 
end of a toxicity test are number of organisms and manner that minimizes suspension of sediment. This can 
behavior. Numbers of L. variegatus in the toxicity screen- be accomplished by aently pouring water alona the sides 
ing test should not be signifiiiantly reduced in  the test of the chambers orby pour;ng wakr onto a babe (e.g.. a 
sediment relative to the control sediment. Test oraanisms circular oiece of Teflon@ with a handle attached\ olaced 
should burrow into test sediment. Avoidance of test sedi- above the sediment to dissipate the force of the'water. 
ment by L. variegatus may decrease bioaccumulation. Renewal of overlying water is started on Day -1. A test 

begins when the organisms are added to the test cham- 
13.3 General Procedures 	 bers (Day 0). 

13.3.1 Sediment into Test Chambers 13.3.2 Renewal of Overlying Water 

13.3.1.1 The day before the sediment test is started 
(Day - I )  each sediment be thoroughly homog- 

13.3.2.1 Renewal of overlying water is recommended 

enized and added to the test chambers (Section 8.3.1). 
during a test. At any particular time during the test, flow 

Sediment should be visually inspected to judge the extent rates through any two test chambers should not differ by 
more than 10%, ~ ~ ~	 d ~alkalinity and ammonia

of homogeneity. Excess water on the surface of the 



Table 13.2 Recommended Test Condltlonr for Conducting a Prellmlnary 4-d Sediment Toxiclty Screening Test wlth 
Lumbrlculus varlegalus 

Parameter 

1. Test type: 

2. Temperature: 

3. Light quallty: 

4. Illuminance: 

5. Photoperiod: 

6. Test chamber: 

7. Sediment volume: 

8. Overlying water volume: 

9. Renewal of overlying water: 

10. Age of test organisms: 

11. Number of organismslchamber: 

12. Number of replicate chambersltreatment: 

13. Feeding: 

14. Aeration: 

15. Overlying water: 

16. Test chamber cleaning: 

17. Overlying water quality: 

18. Test duration: 

19. Endpoints: 

20. Test acceptability: 

Conditions 

4-d whole-sediment toxicity test with renewal of overlying water 

23 * 1'C 

Wide-spectrum fluorescent lights 

About 100 to 1000 lux 

16L:ED 

300-mL high-form lipless beaker 

100 mL 

175 mL 

2 volume additionsld (Appendix A); continuous or intermittent (e.g., one volume 
addition every 12 h) 

Adults 

10 

4 minimum 

None 

None, unless DO in overlying water drops below 2.5 mglL 

Culture water, well water, surface water, site water, or reconstituted water 

if screens bewmeclogged during the test, gently brush theoutsideofthe screen. 

Hardness, alkalinity, conductivity, pH, and ammonia at the beginning and end of 
a test. Temperature and dissolved oxygen daily. 

4 d (minimum: up to 10 d) 

Number of organisms and behavior. There should be no significant reduction in 
number of organisms in a test sediment relative to the control. 

Performance-based criteria specifications are outlined in Table 13.4 

concentrations in the water above the sediment, within a toxic to the test organisms or may contribute to the 
treatment, should not vary by more than 50% during the toxicity of the contaminants in the sediment. Further- 
test. Mount and Brungs (1967) diluters have been modi- more, changes in water-quality characteristics such as 
fied for sediment testing, and other automated water- hardness may influence the toxicity of many inorganic 
delivery systems have also been used (Maki, 1977; (Gauss et al., 1985) and organic (Mayer and Ellersieck, 
lngersoli and Nelson, 1990; Benoit et al., 1993; Zumwalt 1986) contaminants. Although contaminant concentra- 
et al.. 1994: Brunson et al.. 1998: Wall et al., 1998; tions are reduced in the overlying water in water-renewal 
~ e ~ ~ a n e nand Maier, 1998). Each water-delivery~~stem tests, organisms in direct coniactwith sediment generally 
should be calibrated before a test is started to verify that 
the system is functioning properly. Renewal of overlying 
wate; is started on ~ a y  -1  before the addition o f t e a  
organisms on Day 0 (Appendix A). 

13.3.2.2 In water-renewal tests with one to four volume 
additions of overlying waterld, water-quality characteris- 
tics generally remain similar to the inflowing water (Ingersoll 
and Nelson, 1990; Ankley et al., 1993); however, in static 
tests, water quality may change profoundly during the 
exposure ( ~ h u b a  -et al:, 1978). or example, in btatic 
whole-sediment tests. the alkalinitv. hardness, and con- 
ductivity of overlying water more than doubledin several 
treatments durino a four-week exoosure llnoersoll and 

~.- ~~- " -~ ,~- - - - , ". . 
Nelson, 1990). Additionally, concentrations of metabolic 
products (e.g., ammonia) may also increase during static 
exposures, and these compounds can either be directly 

receive a substantial proportion of a contaminant dose 
directly from either the whole sediment or from the inter- 
stitial water. 

13.3.3 Acclimation 

13.3.3.1 Test organisms must be cultured and tested at 
23°C. Ideally, test organisms should be cultured in the 
same water that will be used in testing. However, acclima- 
tion of test organisms to the test water is not required. 

13.3.3.2 Culturing of organisms and toxicity assessment 
are typically conducted at 23°C. However, occas:onally 
there is a need to perform evaluations at temperatures 
different than that recommended. Under these circum- 
stances, it may be necessary to acclimate organisms to 
the desired test temperature to Prevent thermal shock 



Table 13.3 General Activlty Schedule for Conducllng a 28-d Sediment Bioaccumulatlon Test with Lumbrlculus varlegatus 

A. Conducting a 4 4  Toxicity Screening Test (conducted before the 284  bioaccumulation lest) 

-1 	 Isolate worms forconducung toxicity screening test. Add sediment into each test chamber, place chambers Into exposure system, 
and stall renewing overlying water. 

0 	 Measure total water quality (pH, temperature, dissolved oxygen, hardness, alkalinity, conductivity, ammonia). Transfer 10worms 
inlo each test chamber. Measure weight of a subset of 20 organisms used to start the tesl. Observe behavior of tesl organisms. 

Ilo 2 	 Measure temperature and dissolved oxygen. Observe behavior of test organisms. 

3 	 Same as Day 1. Measure total water quality. 

4 	 Measure temperature and dissolved oxygen. End the test by collecting the olgochaetes witn a sieve and determine weight ot 
survivors. Bioaccumulation tests should not be conducted with L variegatus ifa test sediment signRcantly reduces number of 
oligochaeles relative to the control sedment or 11oligochaetes avoid the sedment 

6. Conducting a 28-d Bioaccumuiation Test 

Day 	 AC~IVI~Y 

-1 	 isolate worms for conducting bioaccumulation test. Add sediment into each test chamber, place chambers into exposure system. 
and stall renewing overlying water. 

0 	 Measure total water quality (pH, temperature, dissolved oxygen. hardness, alkalinity. conductivity, ammonia). Transfer 
appropriateamountdwms (basedonweight) into each test chamber. Sampiea subset ofworrns used tosla~lthetestforresidue 
analyses. Observe behavior of test organisms. 

Ito6 	 Measure temperature and dissolved oxygen. Observe behavior of test organisms. 

7 	 Same as Day 1. Measure total water quality. 

81013 	 Same as Day 1 

14 	 Same as Day 7 

15 to 20 	 Same as Day 1 

21 	 Same as Day 7 

22 to 26 	 Same as Day 1 

27 	 Measure total water quality. 

28 	 Measure temperature and dissolved oxygen. End the uptake by collecting the worms with a sieve. Separate any indigenous 
organisms from L. variegatus. Determine the weight of survivors. Eliminate the gut contents of surviving worms in water for 6 
to 8 h. Longer purging periods (not to exceed 24 hours) may be used if all target analytes have Log K_w5 (Section 13.3.7.3). 

when movina immediatelv from the culture temDerature to weiahts should be measured on a subset of at least 100 
the test temperature ( A S ~ M ,  1999a). Acclimaiion can be organisms used to start the test. The ratio of total organic 
achieved by exposing organisms to a gradual change in carbon in sediment to dly weight of organisms at thestart 
temDerature; however, the rate of change should be rela- of the test should be no less than 50 : l .  
tiveiy s l o ~  to prevent thermal shock. A change in tem- 
perature of 1 Tevery 1 to 2 h has been used successfully 13.3.4.2 Oligochaetes added to each replicate should not 
in some studies (P.K. Sibley. University of Guelph. Guelph, be blotted to remove excess water (Section 10.5.6). 
Ontario, personal communication). Testing at tempera- Oligochaetes can be added to each replicate at about 
tures other than 23'C needs to be ~receded bv studies to 1.33 X of the target stocking weight (Brunson et al., 
determine expected performance unde i  alternate 1998). This additional 33% should account for the excess 
conditions. weight from water in the sample of nonbiotted oligocha- 

etes at the start of the test. 
13.3.4 Placing Organisms in Test Chambers 

13.3.5 Feeding
13.3.4.1 Isolate oligochaetes for starting a test as de- 
scribed in Section 10.5.6. A subset of L. variegatus at the 13.3.5.1 Lumbriculus variegatusshould not be fed during 
start of the test should be sampled to determine starting a bioaccumulation test. 
concentrations of chemicals of concern. Mean group 



Table 13.4 Test ~ c c e ~ t a b i i i t y  Requirements for a 28-d Sediment Bioaccumulation Test with Lumbrlculus variepalur 

A. it is recommended for wnducting a 28-d test with L. variegalus that the following performance criteria be met: 

1. 	 Numben of L. variegafus in a 4 4  toxiclly screening test should not be significantly reduced'in Ule test sediment relative to the 
control sediment. 

2. 	 Test organisms should burrow into test sediment. Avoidance of test sediment by L. variegafus may decrease bioaccumulation. 

3. 	 Hardness, alkalinity, and ammonia in the overlying water typically should not vary by more than 50% during the test, and dis- 
solved oxygen should be maintained above 2.5 mg/L in the overlying water. 

8. Performance-based criteria for culturing L. variegalus include the following: 

1. 	 it may be desirable for laboratories lo periodically perform 96-h water-only reference toxicity tests to assess the sensitivity of 
culture organisms (Section 9.16.2). Data from these reference-toxicity tests could be used to assess genetic strain or life-stage 
sensitivity of test organisms to select chemicals. 

2. 	 Laboratories should monitor the frequency with which the population is doubling in the culture (number of organisms) and record 
this information using control charts (doubling rate would need to be estimated on a subset of animals fr6m a mass culture). 
Records should also be kept on the frequency of restarting cuitures. if static cuitures are used, it may be desirable to measure 
water quality more frequently. 

3. 	 Food used to culture organisms should be analyzed before the start of a test for compounds to be evaluated in the bioaccumula- 
tion test. 

4. 	 Laboratories should record the following water-quality characteristics of the cultures at least quarterly and the day before the start 
of a sediment lest: pH, hardness, alkalinity, and ammonia. Dissolved oxygen in the cultures shouid be measured weekly. 
Temperature of the cultures should be recorded daily. 

5. 	 Laboratories should characterize and monitor background contamination and nutrient quality of food if problems are observed in 
culturing or testing organisms. 

6. 	 Physiological measurements such as lipid content might provide useful information regarding the health of the cultures. 

C. Additional requirements: 

1. 	 All organisms in a test must be from the same source. 

2. 	 Storage of sediments collected from the field should follow guidance outlined in Section 8.2. 

3. 	 All test chambers (and compartments) should be identical and should contain the same amount of sediment and overlying water. 

4. 	 Negative-control sediment andlor the appropriate solvent controls must be included in a test. The wncentration of solvent used 
must not affect test organisms adversely. 

5. 	 Test organisms must be cultured and tested at 23'C (+1'C). 

6. 	 The daily mean test temperature must be withln i l ° C  of 23%. The instantaneous temperature must always be within f3'C of 23% 

7. 	 Natural physico-chemical characteristics of test sediment collected from the fieid shouid be within the tolerance limits of the test 
organisms. 

13.3.6 	 Monitoring a Test necessary to composite water samples from individ~al 
re~licates.The ~ i ~ e t  should be checked to make sure no 

13.3.6.1 All chambers should be checked daily and okanisms are removed during sampling of overlying water. 
observations made to assess test organism behavior Water quality should be measured on each batch of water 
such as sediment avoidance. However, monitoring ef- prepared for the test. 
fects on burrowing activity of test organisms may be 
difficult because the test organisms are often not visible 13.3.6.2.2 Dissolved oxygen should be measured daily 
during the exposure. The operation of the exposure sys- and should be above 2.5 mg/L. If a probe is used to 
tem should be monitored daily. 	 measure dissolved oxygen in overlying water, it should be 

thoroughly inspected between samples to make sure that 
13.3.6.2 MeasurementofOverlying Water-quality 	 organisms are not attached and should be rinsed between 

Characteristics 	 samples to minimize cross contamination. Aeration can 
be used to maintain dissolved oxygen in the overlvina 

13.3.6.2.1 Conductivity, hardness, pH, alkalinity, and water above 2.5 mglL (i.e., about ?bubble/second inthe 
ammonia should be measured in all treatments at the overlying water). Dissolved oxygen and pH can be mea- 
beginning and end of a test. Overlying water should be sured directly in the overlying waterwith a probe. 
sampled just before water renewal from about 1 to 2 cm 
above the sediment surface using a pipet. It may be 



13.3.6.2.3 Temperature should be measured at least 
daily in at least one test chamber from each treatment. 
The temperature ofthe water bath or theexposurechamber 
should be continuously monitored. The daily mean test 
temperature must be within f1°C of 23°C. The instanta- 
neous temperature must always be within i3'C of 23°C. 

13.3.7 Ending a Test 

13.3.7.1 Sediment at the end of the test can be sieved 
through a fine-meshed screen sufficiently small to retain 
the oligochaetes (e.g., U.S. standard sieve #40 (425-pm 
mesh) or #60 (250-pm mesh). The sieved material should 
be quickly transferred to a shallow pan to keep oligocha- 
etes from moving through the screen. Immobile organ- 
isms should be considered dead. 

13.3.7.2 The sediment contribution to the body weight of 
Lumbriculus varieoatus is reoorted to be about 20% of the 
wet weight and tce contribition to chemical concentra- 
tions ranges from 0 to 11% in two laboratory studies 
(Kukkonen and Landrum, 1994; 1995). Analyses by 
Mount et al. (1998) suggest that under certain conditions 
substantially larger errors may occur if gut contents are 
included in samples for tissue analysis. Accordingly. 
after separating the organisms from the sediment, test 
animals are held in clean water to allow the worms to 
purge their guts of sediment. To initiate gut purging, live 
oligochaetes are transferred from the sieved material to a 
I-L beaker containing overlying water only. Oligochaetes 
should not be placed in clean sediment to eliminate gut 
contents. Clean sediment can add to the drv weiaht of the 
oligochaetes, which would result in a dilution of chemical 
concentrations on a dry weight basis. Further, purging in 
clean sediment is thought to accelerate depuration of 
chemical from tissues (Kukkonen and Landrum, 1994). 
The elimination beakers may need to be aerated to main- 
tain dissolved oxygen above 2.5 mglL. 

13.3.7.3 The first edition of this manual (USEPA, 1994a) 
specified a 24-h holding period for gut purging, based on 
the findings of Call et al. (1991) who reported that 
L. variegatus clear more than 90% of their gut contents in 
24 h. Kukkonen and Landrum (1995) reported L. variega- 
tus will purge out the intestinal contents in 10 h in water. 
and more recently, Mount et al. (1999) found that gut 
purging of L. variegattrs was essentially complete in 
only 6 h . Shorter purging periods may be preferable to 
reduce depuration of chemical from tissue during holding 
in clean water, particularly for compounds with log K, 
<5(Figure 13.1). Mounteta1.(1999)estimatedthataRera6-h 
purging period, compounds with log KO- ,> 3.85 would 
remain at >90% of their initial concentrations. but after 
24 h, Only compounds with log K-. > 5 would be at >90% 
of the initial concentration in 6ssG. For this reason, it is 
recommended that the Duraina period last 6 to 8 h. Lonaer . - - .  
purging periods (not to exceed 24 hours) may be us& if 
all target analytes have log K, > 5. 

13.3.7.4 Field-collected sediments may include indig- 
enous oligochaetes. The behavior and appearance of 
indigenous oligochaetes are usually different from L. var- 

iegatus. It may be desirable to test extra chambers 
without the addition of L. variegatus to check for the 
presence of indigenous oligochaetes in field-collected 
sediment (Phipps et a!., 1993). Bioaccumulation of chemi- 
cals bv indigenous oliaochaetes exposed in the same 
chamder with introduced L. variegatus in a 28-d test has 
been evaluated (B~nson  et al.. 1993). Peakconcentrations 
of select PAHs i n d  DDT in this study were similar in the 
indigenous oligochaetes and L. variegatus exposed in the 
same chamber for28 d. 

13.3.7.5 Care should be taken to isolate at least the 
minimum amount of tissue mass from each replicate 
chamber needed for analytical chemistry. 

13.3.8 Test Data 

13.3.8.1 Sensitivity of tissue analyses is dependent 
largely on the mass of tissue available and the sensitivitv 
of ih&nalytical procedure. To obtain meaningful resulk 
from bioaccumulation tests, it is essential that desired 
detection limits be established before testing, and that the 
test design allow for sufficient tissue mass. Tissue 
masses required for various analyses at selected lower 
limits of detection are listed in Table 13.5. Detection 
limits for individual PAHs in tissue are listed in Table 13.6. 
For most chemicals, a minimum mass of 1 glreplicate 
(wet weight) and preferably 5 glreplicate (wet weight) 
should be tested. Again, however, to insure results will be 
meaningful, required masses for analytes of interest to 
the study should be specificaliy evaluated before the 
study is designed. 

13.3.8.2 If an estimate of dry weight is needed. a 
subsample should be dried to a constant weight at about 
60 to 90°C. The sample is brought to room temperature in 
a desiccator and weighed to the nearest 0.01 mg. Lum- 
briculus variegatus typically contain about 1% lipid (wet 
weight). It may be desirable to determine ash-free dry 
weight (AFDW) of oligochaetes instead of dry weight. 
Measurement of AFDW is recommended over dry weight 
for C. tentans due to the contribution of sediment in the 
gut to the weight of midge (Section 12.3.8; Sibley et al., 
1997b). Additional data are needed to determine the 
contribution of sediment in the gut of L. variegatus to body 
weiaht before a definitive recommendation can be made 
to Geasure AFDW of oligochaetes routinely. 

13.3.8.3 Depending on specific study obiectives. total 
lipids can be measured on a s~bsampleof <he total tissue 
mass of each thawed replicate sample. Gardner et al. 
(1985) describe procedures for measuring lipids in 1 mg of 
tissue. Different methods of lioid analvsis can vield differ- - ~ -~ ~,- - ~, . ~ - ~ ~ -
ent i~su l t s  (Randall et al., 1991); The analytical method 
used for lipid analysis should be calibrated against the 
chloroform-methanol extraction method described bv Folch 
et al. (1957) and Bligh and Dyer (1959). 

13.3.8.3.1 A number of studies have demonstrated that 
lipids are the major storage site for organic chemicals in a 
variety of organisms (Roberts et al., 1977; Oliver and 
Niimi, 1983; de Boer, 1988). Because of the importance of 



Figure 13.1 	 Predicted depuratlon of nonionlc organic chemicals from tissue of Lumbrlculus varlegatus as a function of K-and 
duratlon of depuratlon, assumlng no contrlbutlon of sediment In the gut. Shaded area represents ?lo% of tlssue 
concentrallon at the beginning of the depuratlon period (Mount el  al., 1999). 
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Table 13.5 Grams of Lumbrlculus varleaatus Tissue (Wet -Table 13.6 Delectlon Limits (ng) of lndlvldual PAHs by 
Welghl) Required for Various Anslyles a1 HPLC-FD' 
Selected Lower LlmPs of Delectlon 

Anal* 	 Delection Limit (ng) 
1 .O 2.0 5.0 

Analyte Lower Limit of Detection (pglg) Benzo(a)pyrene 	 0.01 

PCBs 	 Pyrene 0.03 

PCB (total') 	 Benzo(k)fluoranthene 0.03 

PCB (congener2) Dibenz(a,h)anthracene 0.03 

Level of chlorination 
 Anthracene 	 0.10mono-trlchloro 


tetra-hexachloro Benz(aJan1hracene 0.10 


hepta-octachloro 	 Benzo(e)pyrene 0.10 

Benzo(b)fluoranthene 0.10nona-decachloro 

Organochlorine pesticides ' Benzo(g,h.i)perylene 0.10 

P.P' DDE 3-Methyleholanthrene 0.10 

' Obana el al.. 1981 P.P' - DDD 

p . ~ '- DDT 

0.p' - DDE 

0.p' DDD lipids, it may be desirable to normalize bioaccumulated 
concentrations of nonpolar organics to the tissue lipid 

0,p' DDT concentration. Lipid concentration is one of the factors 
Alpha-chlordane reauired in derivina the BSAF (Section 16). However. the 

difiiculty with usingthis approach is that each lipid method 
Gamma-chlordane generates different lipid concentrations (see Kates (1986) 
Dieldrin for discussion of lipid methodology). The differences in 

lipid wncenlralions directly translate lo a similar variation 
Endrln in the lipid-normalized chemical concentrations or BSAF. 
Heptachlorepoxide 0.050 0.010 

13.3.8.3.2 For comparison of lipid-normalized tissue 
Oxychlordane 0.050 O.O1o residues or BASFs, it is necessary to either promulgate a 
Mlrex 0.050 o.010 standard lipid technique or to intercalibrate the various 

Trans - nonachlor 0.050 O.O'O 
techniques. Standardization of a single method is difficult 
because the l i ~ i d  methodoloav is oflen intirnatelv tied in 

Toxaphene 0.600 with the extraciion procedure~6rchemical analysis. As an 
interim solution, the Bligh-Dyer lipid method (Bligh and 

PAHs J Dyer, 1959) is recommended as a temporaly "intercalibration 
PAHs standard (ASTM, 1999~). 

Dioxins 4 
13.3.8.3.3 The potential advantages of Bligh-Dyer in- 

TCDD (nglg) 0.020 clude its ability to extract neutral lipids not extracted by 
Inorganic many other solvent systems and the wide use of this 

Cadmium 0.005 method (or the same solvent system) in biological and 
toxicological studies (e.9.. Roberts et al., 1977; Oliver 

Copper 0.005 and Niimi, 1983; de Boer, 1988; Land~m.  1989). Because 
Lead the technique is independent of any palticular analytical 

extraction procedure, it will not change when the extrac- 
Zinc tion technique is changed. Additionally, the method can 

be modified for small tissue sample sizes as long as the 
' Schmln et al.. 1990 solvent ratios are maintained (Herbes and Allen. 1983: 

USEpA Isan? 	 Gardneret al., 1985). 
Vassll 

"SEP 
Schm~ 	 13.3.8.3.4 If the Bligh-Dyer method is not the primary 

lipid method used, the chosen lipid analysis method 
should be compared with Bligh-dyer for each tissue type. 
The chosen lipid method can then be converted to 
"Bligh-Dyer" equivalents and the lipid-normalized tissue 

2 



residues reported in "Bligh-Dyer equivalents!' In the in- 
terim, it is suggested that extra tissue of each species be 
frozen for future lipid analysis in the event that a different 
technique proves more advantageous (ASTM. 1999~). 

13.4 	 Interpretation of Results 

13.4.1 Section 16 describes general information for inter- 
pretation of test results. The following sections describe 
species-specific information that is useful in helping to 
interpret the results of sediment bioaccumulation tests 
with L. variegatus. 

13.4.2 	Duration of Exposure 

13.4.2.1 Because data from bioaccumulation tests often 
will be used in ecological or human health risk assess- 
ments, the procedures are designed to generate quantita- 
tive estimates of steady-state tissue residues. Eighty 
percent of steady state is used as the general criterion 
(ASTM, 1999~). Because results from a single or few 
species often will be extrapolated to other species, the 
procedures are designed to maximize exposure to 
sediment-associated chemicals so as not to systemati- 
cally underestimate residues in untested species. 

13.4.2.2 A kinetic study can be conducted to estimate 
steady-state concentrations instead of conducting a 28-d 
bioaccumulation test (e.g., sample on Day I,3,7,14,28; 
Brunson et al., 1993; USEPA-USACE, 1991). A kinetic 
test conducted under the same test conditions outlined 
above, can be used when 80% of steady state will not be 
obtained within 28 d or when more precise estimates of 
steady-state tissue residues are required. Exposures 
shorter than 28 d may be used to determine whether 
compounds are bioavailable (i.e., bioaccumulation 
potential). 

13.4.2.3 DDT reportedly reached 90% of steady state by 
Day 14 of a 56-d exposure with L. variegatus. However, 
low molecular weight PAHs (e.g., acenaphthylene, fluo- 
rene, phenanthrene) generally peaked at Day 3 and tended 
to decline to Day 56 (Brunson et al., 1993). In general, 
concentrations of high molecular weight PAHs (e.g., 
benzo[b]fluoranthene, benzo[e]pyrene, indeno-
I1.2.3-c.dlovrene) either Deaked at Dav 28 or continued to . . . 	 . .. . 
increase during the 56-dexposure. -

13.4.3 	Influence of Indigenous Organisms 

13.4.3.1 Field-collected sediments may include indig- 
enous oligochaetes. Phipps et al. (1993) kommend test- 
ino extra chambers without the addition of L. varieaatus to 
c<eck for the presence of indigenous oligochaktes in 
field-collected sediment. 

13.4.4 	Sediment Toxicity in Bioaccumulation 
Tests 

13.4.4.1 Toxicity or altered behavior of organisms in a 
sample may not preclude use of bioaccumulation data; 
however, information on adverse effects of a sample 
should be included in the report. 

13.4.4.2 Grain Size. 

13.4.4.2.1 Lumbriculus variegatus are tolerant of a wide 
range of substrates. Physiw-chemical characteristics (e.g., 
grain size) of sediment were not significantly correlated to 
the growth or reproduction of L. variegatus in 10-d toxicity 
tests (see Section 10.1.3.3; Ankley et al., 1994a). 

13.4.4.3 Sediment Organic Carbon 

13.4.4.3.1 Reduced growth of L. variegatus may result 
from exposure to sediments with low organic carbon con- 
centrations (G.T. Ankley, USEPA, Duluth. MN, personal 
communication). For this reason, reduced growth observed 
in bioaccumulation tests could be caused by either direct 
toxicitv or insufficient nutrition of the sediment. Testina 
additional replicate chambers with supplemental food couls 
be used to help make this distinction, although the effect 
of added food on accumulation of chemcals would need to 
be considered in the test interpretation. 

13.4.4.4 Ammonia Toxicity 

13.4.4.4.1 Section 1.3.7.5 addresses interpretative guid- 
ance for evaluating toxicity associated with ammonia in 
sediment. 



Section 14 

Test Method 100.4 


Hyalella azteca 42-d Test for Measuring the Effects of Sediment- 

associated Contaminants on Survival, Growth, and Reproduction 


14.1 Introduction 

14.1.1 Hyalella azteca are routinely used to assess the 
toxicity of chemicals in sediment (Section 11; Nebeker et 
al., 1984; Dillon and Gibson,1986; Burton et al., 1989; 
Burton et al., 1992; lngersoll and Nelson, 1990; Borgmann 
and Munawar, 1989; Ankley et al., 1994; Winger and 
Lazier, 1994; Suedel and Rodgers, 1994; Day et al., 1995; 
Kubitz et a1.,1996). Test duration and endpoints recom- 
mended in previously developed standard methods for 
sediment testing with H. azteca include 10-d survival 
(Section I I; USEPA; 1994a) and 10- to 28-d survival and 
growth (ASTM, 1999a; Environment Canada, 1998a). Short- 
term exposures which only measure effects on Survival 
can be used to identify high levels of contamination, but 
may not be able to identify marginally contaminated sedi- 
ments. The method described in this sectlon Can be used 
to evaluate potential effects of contaminated sediment On 
survival, growth, and reproduction of H. azteca in a 
42-d test. 

14.1.2 Section 14.2 describes general guidance for con- 
ducting a 42-d test with H. azteca that can be used to 
evaluate the effects of contaminants associated with 
sediments on survival, growth and reproduction. Refine- 
ments of these methods may be described in future 
editions of this manual after additional laboratories have 
successfullv used the method (Section 17.6). The 42-d 
test with ~ . a z t e c a  has not been adequately evaluated in 
water with elevated salinity (Section 1.3.2). 

14.1.3 The procedure outlined in Section 14.2 is based 
on ~r0cedureS described in lngersoll et al. (1998). The 
sediment exposure starts with 7- to 8-d-old amphipods. 
On Dav 28. am~hioods are isolated from the sediment 
andpla&d /n watei-only chambers where reproduction is 
measured on Day 35 and 42. Typically, amphipods are 
first in amplexus at about Day 21 to 28 with release of the 
first brood between Day 28 to 42. Endpoints measured 
include survival (Day 28.35 and 42), growth (as length or 
dry weight measured on Day 28 and 42), and reproduction 
(number of younglfemale produced from Day 28 to 42). 
The procedures described in Table 14.1 include measure- 
ment of a variety of lethal and sublethal endpoints; minor 
modifications of the basic methods can be used in cases 
where only a subset of these endpoints is of interest. 

14.1.3.1 Several designs were considered for measuring 
reproduction in sediment exposures based on the repro- 
ductive biology of H. azteca (Ingersoll et al., 1998). The 
first design considered was a continuation of the 28-d 
sediment exposures described in lngersoll et al. (1996) for 
an additional two weeks to determine the number of young 
produced in the first brood. The limitation of this design is 
the difficulty in quantitatively isolating young amphipods 
from sediment (Tomasovic et al., 1995). A second design 
considered was extension of the 28-d sediment exposure 
for an additional month or longer until several broods are 
released. These multiple broods could then be isolated 
from the sediment. The limitation of this second design is 
that specific effects on reproduction could not be diffeien- 
tiated from reduced survival of offspring and it would still 
be difficult to isolate the young amphipods from sediment. 
A third design considered, and the one described in this 
manual. was to exDose amDhi~ods in sediment until a few 
days before the reiease of ihekrst brood. The amphipods 
could then be sieved from the sediment and held in water 
to determine the number of young produced (Ingersoll et 
at., 1998). This test design allows a quantitative measure 
of reproduction. One limitation to this design is that 
amphipods might recover from effects of sediment expo- 
sure during this holding period in clean water (Landrum 
and Scavia. 1983: Kane Driscoll et al.. 1997): however. 
amphipods are exposed to sediment during chiica~ devel-
oomental staaes before release of the first brood in clean -r -
water. 

14.1.4 The method has been used to evaluate a forrnu- 
lated sediment and field-collected sediments with low to 
moderate concentrations of contaminants (Ingersoll el al., 
1998). Survival of amDhiD0ds in these sediments was 
typi&lly >85% afterthe28-d sediment exposures and the 
14-d holding period in water to measure reproduction 
(Ingersoll et al., 1998). The method outlined in 14.2 has 
also been evaluated in round-robin testing with 8 to 12 
laboratories (Section 17.6). Afterthe 28-d sediment expo- 
sures in a control sediment (West Bearskin), survival was 
>80% for >88% of the laboratories; length was >3.2 mml 
individual for >71% of the laboratories; and dry weight 
was >0.15 mglindividual for >66% of the laboratories. 
Reproduction from Day 28 to Day 42 was >2 young1 
female for >71% of the laboratories participating in the 
round-robin testing. Reproduction was more variable within 
and among laboratories; hence, more replicates might be 
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Table 14.1 	 Test Conditions for Conducting a 42-d Sediment Toxlclty Test with Hyalella azteea (modified from USEPA 1994a 
and ASTM 1999a). 

Parameter 	 Conditions 

1. Test type: 	 Whole-sediment toxicity test with renewal of overlying water 

2. Temperature: 

3. Light quality: 	 Wide-spectrum fluorescent lights 

4. Illuminance: 	 About 100 to 1000 lux 

5. Photoperlod: 	 16L:ED 

6. Test chamber: 	 300-mL high-form lipless beaker 

7. Sediment volume: 	 100 mL 

8. 	 Overlying water volume: 175 mL in the sediment exposure from Day 0 to Day 28 (175 to 275 mL in the water- 
only exposure from Day 28 to Day 42) 

9. 	 Renewal of overlying water: 2 volume additionsld (Appendix A); continuous or Intermittent (e.g.. one volume 
addition every 12 h) 

10. Age of organisms: 	 7- to 8-d old at the start of the test 

11. Number of organismsichamber: 	 10 

12. 	 Number of replicate chambersitreatment: 12 (4 for 284  survival and growth and 8 for 35- and 42-d survival. growth. and 
reproduction). Reproduction is more variable than growth or survival: hence, more 
replicates might be needed to establish statistical differences among treatments 
(See Section 14.2.3). 

13. Feeding: 	 YCT food, fed 1.0 mL (1800 mglL stock) daily to each test chamber. 

14. Aeration: 	 None, unless dissolved oxygen in overlying water drops below 2.5 mgiL. 

15. 	Overlying water: Culture water, well water, surface water or site water. Use of reconstituted water 
is not recommended. 

16. 	 Test chamber cleaning: If screens become clogged during a test, gently brush the outside of the screen 
(Appendix A). 

17. 	 Overlying water quality: Hardness, alkalinity, conductivity, and ammonia at the b inn ing  and end of a sediment 
exposure (Day 0 and 28). Temperature daily. Conductivity weekly. Dissolved oxygen 
(DO) and pH Ulree times/ week. Concentrations d DO shouldbemeasured more often 
if DO drops mwe Ihan 1 mgA since the previous measurement. 

18. Test duration: 	 42 d 

19. 	 Endpoints: 28-d survival and growth; 35':dsurvivai and reproduction; and42-d survival, growth. 
reproduction, and number of adult males and females on Day 42 

20. 	 Test acceptability: Minimum mean control survival of 80% on Day 28. Additional performance-based 
criteria specifications are outlined in Table 14.3 based on results of round-robin 
testing (Sections 14.1.4 and 17.6). 

needed to establish statistical differences among treat- 
ments with this endpoint. 

14.1.5 Growth of H. azteca in sediment tests often 
provides unique information that can be used to 
discriminate toxic effects of exposure to contaminants 
(Brasherand Ogle, 1993; Borgmann, 1994; Kemble et al., 
1994; lngersoll et al.. 1996; Kubitz et al.. 1996; Milani et 
al., 1996; Steevens and Benson, 1996). Either length or 
weight can be measured in sediment tests with H. azteca. 
However, additional statistical options are available if 
length is measured on individual amphipods, such as 
nested analysis of variance which can account for vari- 
ance in length between replicates (Steevens and Benson, 
1998). Ongoing water-only studies testing select 

contaminants will provide additional data on the relative 
sensitivity and variability of sublethal endpoints in toxicity 
tests with H. azteca (Ingersoil et al., 1998). 

14.1.6 Results of tests using procedures different from 
the procedures described in Section 14.2 may not be 
comparable, and these different procedures may alter 
contaminant bioavailability. Comparisons of results ob- 
tained using modified versions of these procedures might 
provide useful information concerning new concepts and 
procedures for conducting sediment tests with aquatic 
oraanisms. If tests are conducted with Drocedures differ- 
e; 	 from the procedures described in ihis manual, addi- 
tional tests are required to determine comparability of 
results (Section 1.3). 



14.2 Procedure for Conducting a Hyalella nance of about 100 to 1000 lux (Table 14.1). Test cham- 
azteca 42-d Test for Measuring the bers are 300-mL high-form lipless beakers containing 

100 mLof sediment and 175 mL of overlying water. Ten Effects of Sediment-associated amphipods ineach test chamber are fed 1.0 mL of YCT
Contaminants on Sunrival, Growth, daily (Appendix 6). Each test chamber receives 2 volume 
and Reproduction additionsld of overlying water. Water renewals may be 

manual or automated. Appendix A describes water-re- 
14.2,l Conditions for evaluating sublethal endpoints in a newal systems that can be used to deliver overlying 
sediment toxicity test with H. azteca are summarized in water. Overlying water should be a source of water that 
Table 14.1. A general activity schedule is outlined in has been demonstrated to support survival, growth, and 
Table 14.2. Deckions concerning the various aspects of reproduction of H. azteca in culture. McNulty et al. (1999) 
exoerimental desian. such as the number of treatments, and Kemble et al. (1999) observed poor survival of 
";&ber of test chsmbersltreatment, and water-quality H.azteca in tests conducted 14 to 28 d using a variety of 
characteristics should be based on the purpose of the test reconstituted waters including the reconstituted water 
and the methods of data analysis (Section 16). When (reformulated moderately hard reconstituted water) de- 
variability remains constant, the sensitivity of a test scribed in Smith et al. (1997) and described in the first 
increases as the number of replicates increase. edition of this manual (USEPA, 1994a). Borgmann (1996) 

described a reconstituted water that was used successfvlly 
14.2.2 The 42-d sediment toxicity test with H. azteca is to maintain H. azteca in culture; however, some laborato- 
conducted at 23% with a 16L:8D photoperiod at an illumi- ries have not had success when using this reconstituted 

Table 14.2 General Activity Schedule for Conducting a 42-d Sediment Toxiclty Test wlth Hyalella azteca 

Day 	 ~ c t i v l t y' 

Pre-Test 

-8 	 Separate known-age amphipods from the cultures an0 place in holding chambers Begin preparing food for the tea. The <24-h 
amphipods are fed 10 mL of YCT (1800 mg1L stock solJlion) and 10 mL of SelenaSfrum capricornutum (about 3 0 x 10'ce Islm-) 
on the nrsl day 01 isolation and 5 mL of both YCT and S capricornubm on the 3rd and 5th d afler isolation. 

-7 	 Remove adults and isolate <24-h-old amphipods (if procedures outlined in Section 10.3.4 are followed). 

-6 to -2 	 Feed and observe Isolated amphipods (Section 10.3). monitor water quality (e.g.. temperature and dissolved oxygen). 

-1 	 Feed and observe Isolated amphipods (Section 10.3), monitor water quality. Add sedimentintoeachtestchamber,piacechambers 
into exposure system, and start renewing overlying water. 

Sedimenl Test 

0 Measure total water qJallty (pH, temperat~re, d~ssolved oxygen, hardness, a kalln ly. condun~v~ty, ammonia) Transfer ten 7- lo 
8-d-old amph~pods into each test chamber Reease organisms under the surface of tne water Add 1 0 mL of YCT (1800 mglL 
slock) into each test chamber Archive 20 lest organisms for length determ nat on or archwe 80 test organ sms for ory we ght 
delerimination. Observe behavior of test organisms 

1 to 27 	 Add 1.0 mL of YCT to each test beaker. Measure temperature daily, conductivity weekly, and dissolved. oxygen (DO) and pH 
three timeslweek. Observe behavior of test organisms. 

28 	 Measure temperature, dissolved oxygen, pH, hardness, alkalinity, conductivity and ammonia. End the sediment-exposure porlion 
of the test by collecting the amphlpods with a #40-mesh sieve (425-vm mesh; U.S. standard size sieve). Use four replicates 
for growth measurements: count survivors and preserve organisms in sugar formalin for growth measurements. Use eight 
replicates for reproduction measurements: piace survivors in individual replicate water-only beakers and add 1.0 mL of YCT to 
each test beakerld and 2 volume additionsld (Appendix A) of overlying water. 

Reproduction Phase 

29 to 35 	 Feed daily (1.0 mL of YCT). Measure temperature daily, conductivity weekly, and DO and pH three times a week. Measure 
hardness and alkalinity weekly. Observe behavior of test organisms. 

35 	 Record the number of surviving adults and remove offspring. Return adults to their original Individual beakers and add food. 

36 to 41 	 Feed daily (1.0 mL of YCT). Measure temperature daily, conductivity weekly, and DO and pH three times a week. Measure 
hardness and alkalinity weekly. Observe behavior of test organisms. 

41 	 Measure total water quality (pH, temperature, dissolved oxygen, hardness, alkalinity, conductivity, ammonia) 

42 	 Record the number ofsurvivingadultsandoffspnng.SuN.vingadullamphipodson Day42 arepreservedinsugarformalhsolLlion. 
The numDerofaduit males in each beaker is determined from this archived sample. Tnis information is used localcdlatetne nJmber 
of yomg proddced per female per repicate from Day 28 lo Day 42. 
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water in the 42-d test (T.J. Norberg-King, USEPA, Duluth, 
MN, personal communication). For site-specific 
evaluations. the characteristics of the overlying water 
should be as similar as possible to the site where sedi- 
ment is collected. Requirements for test acceptability are 
summarized in Table 14.3. 

14.2.3 The number of replicates and concentrations 
tested depends in part on the significance level selected 
and the type of statistical analysis. A total of 12 repli- 
cates, each containing ten 7- to 8-d-old amphipods, are 
tested for each treatment. Starting the test with substan- 
tially younger or older organisms may compromise the 
reproductive endpoint. For the total of 12 replicates the 
assignment of beakers is as follows: 12 replicates are set 
up on Day -1 of which 4 replicates are used for 28-d 

growth and survival endpoints and the other 8 replicates 
are used for measurement of survival and reproduction on 
Day 35 and for measurement of survival, re~roduction, or 
growth on Day 42. 

14.3 General Procedures 

14.3.1 Sediment into Test Chambers 

14.3.1.1 The day before the sediment test is started 
(Day -1) each sediment should be thoroughly homog- 
enized and added to the test chambers (Section 8.3.1). 
Sediment should be visually inspected to judge the de- 
gree of homogeneity. Excess water on the surface of the 
sediment can indicate separation of solid and liquid com- 
ponents. If a quantitative measure of homogeneity is 

Table 14.3 Test Acceptability Requirements for a 42-d Sediment Toxiclty Test with Hyalella azteca 

A. It is recommended for wnducting the 42-d test with H azteca that the following performance criteria be met: 

1. 	 Age of H, azleca at the start of the test should be 7- to 8-d old. Starting a test with substantially younger or older organisms may 
compromise the reproductive endpoint. 

2. 	 Average survival of H. azfeca in the control sediment on Day 28 should be greater than or equal to 80%. 

Laboratories participating in round-robln testing (Section 17.6) reported after 28-d sedlment exposures in a control sediment 
(West Bearsdn), survival >80% for >86% of the laooratories: length w3.2 mm1indiv:dual for >71% of the iaborator;es; and dry 
weiaht 20.15 rnalindvio.al for >66% of the laboratories ReProd,ction from Day 28 to Day 42 was >2 younglfemale for >71% of 
theiaboratoriesparticipating in the round-robin testing. ~epioduction was morevariable within and among kboratories: hence, 
more replicates might be needed to establish statistical differences among treatments with this endpoint. 

4. 	 Hardness, alkalinity, and ammonia in the overlying water typically should not vary by more than 50% during the sediment 
exposure, and dissolved oxygen shouid be maintained above 2.5 mglL in the overlying water. 

6. Performance-based criteria for culturing H. azteca include the following: 

1. 	 It may be desirable for laboratories to periodically perform 96-h water-only reference-toxicity tests to assess the sensitivity of 
culture organisms (Section 9.16.2). Data from these reference-toxicity tests could be used to assess genetic strain or life-stage 
sensitivity of test organisms to select chemicals. 

2. 	 Laboratories should track parental s u ~ i v a i  in the cultures and record this information using control charts if known-age cultures 
are maintained. Records should also be kept on the frequency of restarting cultures and the age of brood organisms. 

3. 	 Laoorator es should record the fot1ow:ng water-q~ality characteristics of the cultures at least quarterly: pH, hardness, aikaiin.ty. 
and ammonia. Dissolved oxygen in the cullares should be measured weekly Temperature of the cultJres should oe recordeo 
oaily. If staUc cultures are .sed, it may be desirable to measure water quality more frequently. 

4. 	 Laboratories shouid characterize and monitor background contamination and nutrient quality of food if problems are observed in 
culturing or testing organisms. 

5. 	 Physiological measurements such as lipid content might provide useful information regarding the health of the cultures. 

C. Additional requirements: 

1. 	 All organisms in a test must be from the same source. 

2. 	 Storage of sediments collected from the field should follow guidance outlined in Section 8.2. 

3. 	 All test chamber8 (and compartments) shouid be identical and shouid contain the same amount of sediment and overlying water. 

4. 	 Negative-control sediment and appropriate solvent wntrols must be included in a test, The concentration of solvent used must not 
adversely affect test organisms. 

5. 	 Test organisms must be cultured and tested at 23°C (*l0C). 

6. 	 The mean of the dally test temperature must be within i1'C of 23'C. The instantaneous temperature must always be within i3'C 
of 23°C. 

7. 	 Natural physiw-chemical characteristics of test sediment collected from the field should be within the tolerance limits of the test 
organisms. 
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required, replicate subsamples should be taken from the 
sediment batch and analyzed for TOC, chemical wncen- 
trations, and particle size. 

14.3.1.2 Each test chamber should contain the same 
amount of sediment, determined either by volume or by 
weight. Overlying water is added to the chambers on 
Day -1 in a manner that minimizes suspension of sedi- 
ment. This can be accomplished by gently pouring water 
along the sides of the chambers or by pouring water onto 
a baffle (e.g., a circular piece of Teflon with a handle 
attached) placed above the sediment to dissipate the 
force of the water. Renewal of overlying water is started 
on Dav -1. A test beains when the oraanisms are added to -
the tedt chambers @ay 0). 

14.3.2 Renewal of Over ly ing Water 

14.3.2.1 Renewal of overlying water is required during a 
test. At any particular time during a test, flow rates 
through any two test chambers should not differ by more 
than 10%. Hardness, alkalinity and ammonia 
concentrations in the water above the sediment, within a 
treatment, typically should not vary by more than 50% 
during the test. Mount and Brungs (1967) diluters have 
been modified for sediment testing, and other automated 
water-delivery systems have also been used (Maki, 1977; 
lngersoll and Nelson, 199% Benoit et al., 1993; Zumwalt 
et al.. 1994; Brunson et al., 1998; Wall et al., 1998; 
Leppanen and Maier, 1998). The water-delivery system 
should be calibrated before a test is started to verify that 
the system is functioning properly. Renewal of overlying 
water is started on Day -1 before the addition of test 
organisms or food on Day 0. Appendix A describes 
water-renewal systems that can be used for conducting 
sediment tests. 

14.3.2.2 In water-renewal tests with one to four volume 
additions of overlying waterld, water-quality characteristics 
generally remain similar to the inflowing water (Ingersoll 
and Nelson, 1990; Ankley et al.. 1993); however. in static 
tests, water quality may change profoundly during the 
exposure (Shuba a t  al:, 1978). For example, in static 
whole-sediment tests, the alkalinity, hardness, and con- 
ductivity of overlying water more than doubled in several 
treatments during a four-week exposure (Ingersoll and 
Nelson, 1990). Additionally, concentrations of metabolic 
products (e.g., ammonia) may also increase during static 
exposures, and these compounds can either be directly 
toxic to the test organisms or may contribute to the 
toxicity of the contaminants in the sediment. Further- 
more, changes in water-quality characteristics such as 
hardness may influence the toxicity of many inorganic 
(Gauss et al., 1985) and organic (Mayer and Ellersieck, 
1986) contaminants. Although contaminant concentra- 
tions are reduced in the overlying water in water-renewal 
tests, organisms in direct contact with sediment generally 
receive a substantial proportion of a contaminant dose 
directly from either the whole sediment or from the 
pore water. 

14.3.3 Acclimation 

14.3.3.1 Test organisms must be cultured and tested at 
23°C. Ideally, test organisms should be cultured in the 
same water that will be used in testing. However, acclima- 
tion of test organisms to the test water is not required. 

14.3.3.2 Culturing of organisms and toxicity assessment 
are typically conductedat 23". owev vet occasionally 
there is a need to perform evaluations at temperatures 
different than that recommended. under these 
circumstances, it may be necessary to acclimate organ- 
isms to the desired test temperature to prevent thermal 
shock when moving immediately from the culture tem- 
perature to the test temperature (ASTM, 1999a). Accli- 
mation can be achieved by exposing organisms to a 
gradual change in temperature; however, the rateof change 
should be relatively slow to prevent thermal shock. A 
change in temperature of 1°C every 1 to 2 h has been 
used successfully in some studies (P.K. Sibley, Univer- 
sity of Guelph, Guelph, Ontario, personal communication; 
APHA, 1989). Testing at temperatures other than 23'C 
needs to be preceded by studies to determine expected 
performance under alternate conditions. 

14.3.4 Placing Organisms in Test Chambers 

14.3.4.1 Test organisms should be handled as little as 
possible. Amphipods should be introduced into the overlv- 
ing water beiow the air-water interface. Test organisms 
can be pipetted directly into overlying water. The size of 
the test organisms at the start of the test should be 
measured using the same measure (length or weight) that 
will be used to assess their size I the end of the test. For 
length, a minimum of 20 organisms should be measured. 
orw weight measurement,a larger sample size (e.g., 80) 
mav be desirable because of the relativelv small mass of 
thgorganisms. This information can beused to deter- 
mine consistency in the size of the organisms used to 
start a test. 

14.3.5 Feeding 

14.3.5.1 For each beaker, 1.0 mL of YCT is added from 
Day 0 to Day 42. Without addition of food, the test 
organisms may starve during exposures. However, the 
addition of the food may alter the availability of the 
contaminants in the sediment (Wiederholm et al., 1987; 
Harkey et al., 1994). Furthermore, if too much food is 
added to the test chamber, or if the mortality of test 
organisms is high, fungal or bacterial growth may develop 
on the sediment surface. Therefore, the amount of food 
added to the test chambers is kept to a minimum. 

14.3.5.2 Suspensions of food should be thoroughly mixed. 
before aliquots are taken. If excess food collects on the 
sediment, a fungal or bacterial growth may develop on the 
sediment surface, in which case feeding should be sus- 
pended for one or more days. A drop in dissolved oxygen 
below 2.5 mglL during a test may indicate that the food 
added is not being consumed. Feeding should be sus- 
pended for the amount of time necessary to increase the 
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dissolved oxygen concentration (ASTM, 1999a). If feed- 
ing is suspended in one treatment, it should be sus- 
pended in all treatments. Detailed records of feeding rates 
and the appearance of the sediment surface should be 
made daily. 

14.3.6 Monitoringa Test 

14.3.6.1 All chambers should be checked daily and 
0bse~ations made to assess test organism behavior 
such as sediment avoidance. However, monitoring ef- 
fects on burrowing activity of test organisms may be 
difficult because the test organisms are often not visible 
during the exposure. The operation of the exposure sys- 
tem should be monitored daily. 

14.3.6.2 	 Measurementof Overlying Water-quality 
Characteristics 

14.3.6.2.1 Conductivity, pH, DO, hardness, alkalinity, 
and ammonia should bemeasured in all treatments at the 
beginning and at the end of the sediment exposure portion 
of The tebt. Water-quality characteristics should also be 
measured at the beginning and end of the reproductive 
phase (Day 29 to Day 42). Conductivity should be mea- 
sured weekly, whereas pH and DO should be measured 
three timeslweek (Section 14.3.6.2.2). Overlying water 
should be sampled just before water renewal from about 
1 to 2 cm above the sediment surface using a pipet. It 
may be necessary to composite water samples from 
individual replicates. The pipet should be checked to 
make sure no organisms are removed during sampling of 
overlying water. 

14.3.6.2.2 Dissolved oxygen should be measured three 
timeslweek and should be at a minimum of 2.5 mg1L. If a 
probe is used to measure dissolved oxygen in overlying 
water. :tshould De thorouahlv inspected between samples - .  . 
to make sure that organisms are not attached and should 
be rinsed between samples to minimize cross contamina- 
tion. Aeration can be used to maintain dissolved oxygen 
in the overlying water above 2.5 mg/L (i.e., about 1 
bubblelsecond in the overlying water). Dissolved oxygen 
and pH can be measured directly in the overlying water 
with a probe. 

14.3.6.2.3 Temperature should be measured at least 
daily in at least one test chamber from each treatment. 
The temperature of the water bath or the exposure cham- 
ber should be continuously monitored. The daily mean 
test temperature must be within f 1°C of 23°C. The instan- 
taneous temperature must always be within f3"C of 23°C. 

14.3.7 Ending a Test 

14.3.7.1 Endpoints monitored include 28-d survival and 
growth of amphipods and 3 5 4  and 4 2 4  survival, growth, 
and reproduction (numberof young/female) of amphipods. 
Growth Or reproduction Of amphipods may be a Inore be used to remove the excess water from the organisms sensitive toxicity endpoint compared to survival (Burton 

and lngersoll. 1994; Kembie et al., 1994; lngersoll et al., beforemeasuringwet weight. 


14.3.7.2 On Day 28,4 of the replicate beakerslsediment 
are sieved with a #4O-mesh sieve (425-pm mesh; U.S. 
standard size sieve) to remove surviving amphipods for 
growth determinations. Any of the surviving amphipods in 
ihe water column or on thesurface of the sediment can be 
~ i ~ e t t e dfrom the beaker before sieving the sediment. The 
sediment in each beaker should be si&ed in two separate 
aliquots (i.e., most of the amphipods will probably be 
found in the surface aliauot), Immobile organisms isolated 
from the sediment surface or from sieveamaterial should 
be considered dead. Survivina am~hioods from these 
4 replicates can be preserved iiseparaie vials containing 
8% sugar formalin solution if length of amphipods is to be 
measured (Inaersoll and Nelson. 1990). The suaarforrna- 
lin solution isprepared by adding 120 g of &rose to 
80 mL of formalin which is then brought to a volume of 1 L 
using deionized water. This stock solution is mixed with 
an equal volume of deionized water when used to pre- 
serve organisms. NoToxm (Earth Safe Industries, Belle 
Mead, NJ) can be used as a substitute for formalin (Unger 
etal., 1993). 

14.3.7.3 A consistent amount of time should be taken to 
examine sieved material for recovery of test organisms 
(e.g., 5 minlreplicate). Laboratories should demonstrate 
that their personnel are able to recover an average of at 
least 90% of the organisms from whole sediment. For 
example, test organisms could be added to control or test 
sediments, and recovery could be determined after 1 h 
(Tomasovic et al., 1994). 

14.3.7.4 Growth of amphipods can be reported as either 
length or weiaht: however, additional statistical o~tions 
are-availableTf length is measured on individual organ- 
isms (Section 14.4.5.3). 

14.3.7.5 Amphipod body length (fO.l mm) can be mea- 
sured from the base of the first antenna to the ti^ of the 
third uropod along the curve of the dorsal surface'(fig~re 
11.1). Kemble et al. (1994) describe the use of a digitizing 
system and microscope to measure lengths of H.azteca. 
Kemble et al. (1994) also photographed inverteorates (at a 
magnification of 3.5X) and measured length using a com- 
puter-interfaced digitizing tablet. 

14.3.7.6 Dry weight of amphipods in each replicate can 
be determined on Day 28 and 42. If both weight and 
length are to be determined, weight should be measured 
after length on the preserved samples. Gaston et al. 
(1995) and Duke et al. (1996) have shown that biomass or 
length of several aquatic invertebrates did not signifi- 
cantlv chanae after two to four weeks of storage in 10% 
formalin. lfiest organisms are to be used for an evalua- 
tion of bioaccumulation. it is not advisable to drv the 
sample before conductin$ the residue analysis. lf cdnver- 
Sionfrom wet weight to dry weight is,necessary, aliquots 
of organisms can be weighed to establish wet to dry 
weight conversion factors, A consistent procedure should 
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14.3.7.7 Dry weight of amphipods can be determined as 
follows: (1) transferring the archived amphipods from a 
replicate out of the sugar formalin solution into a crystal- 
lizing dish; (2) rinsing amphipods with deionized water; 
13) transferrina these rinsed amohi~ods to a aeweiahed . -

and assumina all other adults are females tcf.. Fiaure 11.1). . . -
The number-of females is used to determine number of 
young/female/beaker from Day 28 to Day 42. Growth can 
also be measured for these adult arnphipods. . . 

,
aluminum pan; (4) drying these ~ai'iplesfor2'4 h at Gboc; 14.4 Interpretation of Results 
and 151 weiohino the Dan and dried amnhinods on a 
bain'c; to t i e  niarest'0.01 mg. ~ v e r a ~ e ' d G  14.4.1 ~~t~ ~ ~ ~ [ ~weight of 
individual amphipods in each replicate is calculated from 
these data. Due to the small size of the am~h i~ods ,  14.4.1.1 Endpoints measured in the 42-d H. azteca test 
caution should be taken during weighing (10 dried amphi- 
pods after a 28-d sediment exposure may weigh less than 
2.5 to 3.5 ma). Weiah pans need to be carefully handled 
using powdki-less-gloves and the balance should be 
calibrated with standard weights with each use. Use of 
small aluminum pans (e.g., 7 x 22 x 7 mm, Sigma 
Chemical Company, St. Louis, MO) will help reduce vari- 
ability in measurements of dry weight. Weigh boats can 
also be constructed from sheets of aluminum foil. 

14.3.7.8 The first edition of this manual (USEPA. 1994a) 
recommended dry weight as a measure of growth for both 
H azfeca and C. tentans. For C. tentans. this recommen- 
dation was changed in the current edition to ash-free dry 
weight (AFDW) instead of dry weight, with the intent of 
reducing bias introduced by gut contents (Sibley et al., 
1997a). However, this recommendation was not ex- 
tended to include H. azteca. Studies by Dawson et al. 
(personal communication. T.D. Dawson, Integrated Labo- 
ratory Systems, Duluth. MN) have indicated that the ash 
content of H, azteca is not greatly decreased by purging 
organisms in clean water before weighing, suggesting that 
sebiment does not comprise a largeporiion ofthe overall 
dw weiaht. In addition, usina AFDW further decreases an 
al~eadysmallmass, potentihy increasing measurement 
error. For this reason, dry weight continues to be the 
recommended endpoint for estimating growth of H.azteca 
via weight (growth can also be determined via length). 

14.3.7.9 On Day 28, the remaining 8 beakerslsediment 
are also sieved and the surviving amphipods in each 
sediment beaker are placed in 300-mL water-only beakers 
containing 150 to 275 mL of overlying water and a 5-cm x 
5-cm piece of Nitex screeh (Nylon Bolting cloth; 44% 
open area and 280-um aperture, Wildlife Supply Com- 
pany, Saginaw, MI; lngersoll et al., 1998). In a subse- 
auent studv, improved re~roduction of H. azteca was 
observed when the Nitex screen was replaced with a 3-cm 
x 3-cm niece of the nvlon "Coiled-web material" described 
in ~ e c i o n  10.3.4 f i r  use in culturing amphipods (T.J. 
Norberg-King. USEPA, personal communication). Each 
water-only beaker receives 1.0 mL of YCT stock solution 
and about two volume additions of water daily. 

14.3.7.10 Reproduction of amphipods is measured on 
Day 35 and Day 42 in the water-only beakers by removing 
and counting the adults and young in each beaker. On 
Day 35, the adults are then returned to the same water- 
only beakers. Adult amphipods surviving on Day 42 are 
preserved in sugar formalin. The number of adult females 
is determined by simply counting the adult males (mature 
male amphipods will have an enlarged second gnathopod) 

include survi"'al (Day 28,35, and 42), growth (as length or 
dry weight on Day 28 and 42), and reproduction (number 
of young/female produced from Day 28 to 42). Section 16 
d&scribes general information regarding staiistical analy- 
sis of these data, including both point estimates (i.e., 
LC50s) and hypothesis testing (i.e.. ANOVA). Thefollow- 
ing sections describe species-specific information that is 
useful in helping to interpret the results of 42-d sediment 
toxicity tests with H. azteca. 

14.4.2 Aae Sensitivitv~.~~ ~~~~ ~ "~ -~~~ ~ ~ 

14.4.2.1 The sensitivity of H, azteca appears to be 
relatively similar up to at least 24- to 26-d-old organisms 
(Collyard et al., 1994). For example, the toxicity of diazinon, 
Cu, Cd, and Zn was similar in 96-h water-only exposures 
starting with 0- to 2-d-old organisms through 24- to 26- 
-d-old organisms (Figure 11.2). The toxicity of alkylphenol 
ethoxylate (a surfactant) tended to increase with age. In 
general, this suggests that tests started with 7-d to 8-d-old 
amphipods would be representative of the sensitivity of 
H.azteca up to at least the adult life stage. 

14.4.3 Grain Size 

14.4.3.1 Hyalella azteca tolerate a wide range in sedi- 
ment grain size and organic matter in 10- to 28-d tests 
measuring effects on survival or growth (Ankiey et al., 
1994; Suedel and Rodgers, 1994; lngersoll et al., 1996; 
Kembie et al., 1999). Using the method outlined in Sec- 
tion 14.2, no significant correlations were observed be- 
tween the survival, growth, or reproduction of H. azteca 
and the physical characteristics of the sediment (grain 
size ranging from predominantly silt to predominantly 
sand), TOC (ranging from 0.3 to 9.6%), water content 
(ranging from 19 to 81%; lngersoll et al., 1998). Addition- 
ally, no significant correlations were observed between 
these biological endpoints and the water-quality charac- 
teristics (i.e., hardness, alkalinity, ammonia) of pore wa- 
ter or overlying water in the sediments evaluated by 
lngersoll et al. (1998). Weak trends were observed be- 
tween reproduction of amphipods and percent clay, per- 
cent silt, and percent sand. Additional study is needed to 
better evaluate potential relationships between reproduc- 
tion of H. azteca and these physical characteristics of the 
sediment. The weak relationship between the sediment 
grain size and reproduction may have been due to the fact 
that samples with higher amounts of sand also had higher 
concentrations of organic contaminants compared to other 
samples evaluated in lngersoll et al. (1998). 



14.4.3.2 Until additional studies have been conducted 
which substantiate this lack of a correlation between 
physical characteristics of sediment and the reproductive 
endpoints measured in the long-term sediment test with 
H. azteca. it would be desirable to test control or refer- 
ence sediments which are representative of the physical 
characteristics of field-collected sediments. Formulated - - -. 
sediments co;ld be used to bracket the ranges in physi- 
cal characteristics expected in the field-collected sedi- 
ments being evaluated (Section 7.2). Addition of YCT 
should provide a minimum amount of food needed to 
support adequate survival, growth, and reproduction of 
H. azteca in sediments low in organic matter. Without 
addition of food. H. azteca can s t h e  during exposures 
(McNulty et al., 1999) making it impossible to differentiate 
effects of contaminants from other sediment 
characteristics. 

14.4.4 	 Influence of Indigenous Organisms 

14.4.4.1 Survival of H. azteca in 28-d tests was not 
reduced in the presence of oligochaetes in sediment 
samples (Reynoldson et al., 1994). However, growth of 
amphipods was reduced when high numbers of oligo- 
chaetes were Dlaced in a sample. Therefore, it is impor- 
tant to determine the number and biomass of indigenous 
organisms in field-Collected sediments in order to better 
inter~retgrowth data (Reynoldson et al., 1994; DeFoe and 
~ n k c e ~ ,7998). ~urthermore, presence of predators may 
also influence response of test organisms in sediment 
(Ingersoll and Nelson, 1990). 

14.4.5 	Relationships between Growth and  
Reproductive Endpoints 

14.4.5.1 Natural or anthropogenic stressors that affect 
growth of invertebrates may also affect reproduction. 
because of a minimum size needed for reproduction 
(Rees and Crawley, 1989; Ernsting et al.. 1993; Moore 
and Dillon, 1993; Enserinket al., 1995; Moore and Farrar, 
1996: Siblev et al.. 1996. 1997a). lngersoll et al. (1998) 
reported a significant correlation between reproduction 
from Dav 28 to 42 and lenath of H.azteca on Dav 28 when 
data a;e plotted by tKe mean of each ireatment 
(Figure 14.la; Spearman rank correlation of 0.59, 
p=0.0001). Based on 28-d lengths, smaller amphipods 
(<3.5 mm) tended to have lower reproduction and larger 
amphipods (24.3 mm) tended to have higher reproduction; 
however, the range in reproduction was wide for amphi- 
pods 3.5 to 4.3 mm in length. Based on 42-d lengths, 
there was a weaker correlation between length and repro- 
duction (i.e.. reproduction and length measured in paired 
replicates; ~ i ~ u r e  14.lb, Spearman rank correlation of 
0.49, p=0.0001). Similarly, plotting data by individual 
replicates (data not shown) did not improve the relation- 
ship between 42-d length and reproduction compared to 
the plots by the mean of each treatment (Figure 14.lb; 
lngersoll et al., 1998). 

14.4.5.2 Weaker relationships were observed between 
reproduction and dry weight measured on Day 28 
(Figure 14.2a, Spearman rank correlation of 0.44, 

p = 0.0037, n = 42) or dry weight measured on Day 42 
(Figure 14.2b, Spearman rankcorrelation 0.34, p = 0.0262, 
n = 42). Round-robin studies (Section 17.6) have gener- 
ated additional data that will be used to further evaluate 
relationships between growth and reproduction of H. azteca 
in sediment tests using the procedures outlined in 
Section 14.2. 

14.4.5.3 A significant correlation was evident between 
length and dryweight of amphipods (Figure 14.3, Spearman 
rank of 0.80, p=0.0001) indicating that either length or 
weight could be measured in sediment tests with 
H. azteca. However, additional statistical options are 
available if length is measured on individual amphipods. 
such as nested ANOVA which can account for variance in 
length within replicates (Steevens and Benson, 1998). 
Analyses are ongoing to evaluate the ability of length vs. 
weight to discriminate befween contaminated and uncon- 
taminated samples in a database described in lngersoll et 
al. (1996). 

14.4.5.4 The relatively variable relationship between 
growth and reproduction probably reflects the fact that 
most of these comparisons were made within a fairly 
narrow ranae in lenath (3.5 to 5.0 mm: Fiaure 14.1) or dw 
weight (0.2: to 0.5&& Figure 14.2).'0tKer investgator; 
have reported a similar degree of variability in repmduc- 
tion of H. azteca within a narrow ranae of lenalh or weight. 
with stronger correlations 0 b S e ~ d  over wider ranges 
(Hargrave, 1970b; Strong, 1972; Wen, 1993; Moore and 
Farrar. 1996). The degree of correlation between growth 
and reproduction mayalso be dependent on the genetic 
strain of H.azleca evalualed (Strong. 1972; France, 1992). 

14.4.5.5 The proportion of males to females within a 
treatment or bv reolicate was not correlated to young 
production, bui may have contributed to a variaiion iii 
reproduction (Ingersoll et al., 1998). Wen (1993) reported 
that when two or three males were laced in a beaker with 
one female H. azteca, the frequency of successful am- 
plexus was reduced, possibly from aggression between 
the males. Future study is needed to determine if increas- 
ing the number of amphipodslbeaker would result in a 
more consistent proportion of males to females within a 
beaker and would reduce variability in reproduction. 

14.4.5.6 Reproduction was often more variable than 
growth (Ingersoll et al., 1998). The coefficient of variation 
(CV) was typically 4 0 %  for growth and >20% forrepro- 
duction. This difference in variation affects the statistical 
power of the comparisons and the number of replicates 
reoutred for a test. For cxamole, detection of a 20% 
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difference between treatment means at a statistical power 
of 0.8 would require about 4 replicates at a CV of 10% and 
14 replicates at a CV of 20% (Figure 16.5). Fewer repli- 
cates would be required if detection of larger differences 
among treatment means were of interest. Ongoing water- 
only studies testing select contaminants will hopefully 
provide additional data on the relative sensitivity and 
variability of sublethal endpoints in toxicity tests with 
H.azteca (Ingersoll et al., 1998). 
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Figure 14.1 	 Relatlonshlps between Hyalella azteca length and reproduction by (a) treatment means for 28-d length 
or (b) treatment means for 42-d length. 
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Figure 14.2 	 Relationships between Hyalella azteca dry weight and reproduction by (a) treatment means for 28-d dry weight 
or (b) treatment means for 42.d dry weight. 



Length (mm, by replicate) 

Flgure 14.3 Reiationshlp between HyaleNa azteca length and dry weight. Triangles are data for Day 28 and clrcles are data for 
Day 42 (Ingersoll et al., 19g8). 

14.4.5.7 The 8-replicate design recommended in this 
manual (Table 14.1) is a compromise between logistical 
constra:nts and statistical considerations. Laboratories 
exoerienced with this method have shown CVs of 25 to 
5@h (Ingersoll et al.. 1998), though some higher values 
were observed during the round-robin testing (Section 
17.6), in which most labs had not previously performed 
the test. 

14.4.5.8 As discussed above, the number of replicates 
can be adjusted according to the needs of a particular 
study. For example, Kubitz et al. (1996) recommended a 
two-step process for assessing growth in sediment tests 
with H. azteca. Using this process, a limited number of 
replicates would be tested in a screening step. Samples 
identified as possibly affecting reproduction could then be 
tested in a confirmatoly step with additional replicates. 
This two-step analysis conserves laboratory resources 
and increases statistical power when needed to discrimi- 
nate sublethal effects. A similar aDDrOaCh could be ao- 
plied to evaluate reproductive effecis of contaminantsin 
sediment where a limited number of replicates could be 
initially tested to evaluate potential effects. Samples 
identified as possibly toxic based on reproduction could 
then be reevaluated using an increased number of repli- 
cates. However, the use of sediments stored for extended 

periods of time may introduce variability in results be- 
tween the two studies (Section 8.2). 

14.4.6 Relative Endpoint Sensitivity 

14.4.6.1 Measurement of sublethal endpoints in sedi- 
ment tests with H. azteca can provide unique information 
that has been used to discriminate toxic effects of expo- 
sure to contaminants. Table 14.4 compares the relative 
sensitivity of survival and growth endpoints in 14- and 
28-d tests with H. azteca (Ingersoll et al., 1996, 1998). 
When 14-d and 28-d tests were conducted concurrently 
measurina both survival and arowth, both tests identified 
34% of the samples as toxicand 53% of the samples as 
not toxic (N=32). Both tests identified an additional 6% of 
the samples as toxic. Survival or growth endpoints identi- 
fied a similar percentage of samples as toxic in both the 
14- and 28-d tests. However. the maioritv of the samoles 
used to make these comparisons iere'highly contami-
nated. Additional exposures conducted wiih moderately 
contaminated sediment miaht exhibit a hiaher Dercentaae - . 
of sublethal effects in the 28-d test compared to tKe 
14-d test. 

14.4.6.2 When both survival and growth were measured 
in 14-d tests (N=25), only 4% of the samples reduced 



-- 

Table 14.4 Percentage of Palred Tests or Paired Endpoints Identifying Samples as Toxic in Hyalella azleca 10-d or 28-d Tests. 
See USEPA (1996a) and ingersoil e l  al. (1996) for a description of thls database. 

Comparisons 

Survival or growth: 14 dl28 d 

Survival: 14 dl28 d 

Growth: 14 dl28 d 

14 d: survivallgrowth 

28 d: survivallgrowth 

Toxltox' NoUnoP Toxlnot3 NoVtox4 N" 
(%) (%) (%) (%) 

34 53 6 6 32 

25 66 0 10 32 

8 64 12 16 25 

4 60 20 16 25 

16 52 14 18 44 

' Toxllox: samples toxic (significant reduction relative to the control pc0.05) with both tests (or both endpoints) 
NoVnot: samples not toxic with bolh tests (or both endpoints). 
Toxlnot: samples toxic to the first but not the second test (or endpoint). 
NoVtox: samples not toxic to the first but toxic to the second test (or endpoint). 
N: number of samples 

both survival and growth; however, 20% reduced survival 
only and 16% reduced growth only (60% did not reduce 
survival or growth). Hence, if survival was the only endpoint 
measured in 14-d tests, 16% of the toxic samples would 
be incorrectly classified. Similar percentages are also 
observed for the 28-d tests. When both survival and 
growth were measured in the 28-d test (N=44). 16% of the 
Samples reduced both survival and growth, 14% reduced 
survival only, 18% reduced growth only, and 52% did not 
reduce survival or growth. . 

14.4.6.3 The endpoint comparisons in Table 14.4 repre- 
sent only samples where both survival and growth could 
be measured.If a sample was extremely toxic, it would 
not be included in this comparison since growth could not 
be measured. ~oderately'contaminate~sedimentsthat 
did not severely reduce survival could have a reduced 
growth. For example, in 28-d tests with sediments from 
the Clark Fork River, growth was a more sensitive end- 
point compared to survival or maturation. Only 13% of the 
samples reduced survival and 20% of the samples re- 
duced maturation; however, growth was reduced in 53% 
of the samples (Kemble et al., 1994). 

14.4.6.4 Other investigators have reported measurement 
of growth in tests with H. azteca oflen provides unique 
information that can help discriminate toxic effects of 
exposure to contaminants in sediment (Kubitz et al., 
Milani et al., 1996; Steevens and Benson, 1998) or water 
(Brasher and Ogle, 1993; Borgmann, 1994). Similarly, in 
sediment tests with the midge C. tentans, sublethal end- 
points are often more sensitLe than survival as indicators 
of contaminant stress (Section 12 and 151. In contrast. 
Borgmann et al. (1989);eported that growth or reproduc: 
tiondid not add additional information beyond measure- 

ment of survival of H. azteca in water-only exposures with 
cadmium or pentachlorophenol. Similarly, Day et al. (1995) 
reported that weight did not add additional information 
beyond measurement of survival in 28-d tests with 
H. azteca. Ramirez-Romero (1997) reported that repro- 
duction of H. azteca was not affected by exposure to 
sublethal concentrations of fluoranthene in sediment when 
exposures were started with juvenile amphipods. Brasher 
and Ogle (1993) started exposures with adult amphipods 
and observed the sensitivitv of reproduction compared to 
survival of H. azteca was dependent on the dhemical 
tested (reproduction more sensitive to selenite and sur- 
vival more sensitive to selenate in water-only exposures). 
Long-term exposures starting with juvenile ampnipods 
would likely be more ao~rooriate to assess effects of 
contaminants on reprod;hion (i.e., Carr and Chapman, 
1992; Nebekeret al., 1992). 

14.4.7 Future Research 

14.4.7.1 Additional studies are needed to further evaluate 
the use of reconstituted water and ammonia on lona-term 
exposures with H. azteca. Section 1.3.8.5 addiesses 
interpretative guidance for evaluating toxicity associated 
with ammonia in sediment. Ongoing water-only toxicity 
tests with select chemicals (i.e., cadmium, DDD and 
fluoranthene) should generate data that can be used to 
better determine the relative sensitivity of survival, repro- 
duction, and growth endpoints in tests with H. azteca 
(Ingersoll et al., 1998). These water-only studies will also 
be used to evaluate potential recovery damphipods after 
transfer into clean water to measure reproduction. In 
addition to studies evaluating the relative sensitivity of 
endpoints, research is also needed to evaluate the ability 
of these laboratory endpoints to estimate resDonses of 
benthic organisms expdsed in the field to chbmicals in 
sediments (Canfield et al., 1996). 



Section 15 

Test Method 100.5 


Life-cycle Test for Measuring the Effects of Sediment-associated 

Contaminants on Chironomus tentans 


15.1 	 Introduction 

15.1.1 The midge Chironomus tentans has been used 
extensively in theshort-term assessment of chemicals in 
sediments (Wentsel et al., 1977; Nebeker et al., 1984; 
Giesy et ai., 1988; West et al., 1994), and standard 
methods have been developed for testing with this midge 
using 10-d exposures (Ingersoll et al., 1995; USEPA, 
1994a; ASTM, 1999a). Chironomus tentans is a good 
candidate for long-term toxicity testing because it nor- 
mally completes ik life cycle in a relatively short period of 

15.1.3 The method outlined in Section 15.2 has been 
evaluated in round-robin testing with 10 laboratories using 
two clean sediments (Section 17.6). In the preliminary 
round-robin with 1.5 mL of Tetrafinld as a food source, 
90% of labs met the survival criterion (>70%). 100% of 
labs met the growth criterion p0.48 mg AFDW), 70% of 
labs met the emergence criterion (>50%), 90% of labs 
met the reproduction criterion (>800 eggslfemale), and 
88% of labs met the percent hatch criterion (>80%). 
Reproduction was generally more variable than growth or 
survival within and among laboratories; hence, more repli- 

time (25 to 30 d at 23%). and a varietv of develo~mental cates might be needed to establish statistical signifi- 
(aro&h, survivorship) and reproduct6e (fecund&) end- 
h in ts  can be monitored. In addition, emergent adults can 
be readilv collected so it is possible to transfer organisms 
from thesediment test system to clean, overlying water 
for direct quantification of reproductive success. 

15.1.2 The long-term sediment toxicity test with the 
midge, Chironomus tentans, is a life-cycle test in which 
the effects of sediment exposure on survival, growth, 
emergence, and reproduction are assessed (Benoit et al., 
1997). Procedures for conducting the long-term test 
with C.tantansare described in ~ec i i on  15.2.- hetest is 
started with newlv hatched larvae (~24-h  old) and contin- 
ues through emeigence, reproductbn, and hatching of the 
F, generation. Survival is determined at 20 d and at the 
end of the test (about 50 to 65 d). Growth is determined at 
20 d, which corresponds to the 10-d endpoint in the 10-d 
C. tentans growth test started with 10-d-old larvae (Sec- 
tion 12). From Day 23 to the end of the test, emergence 
and reproduction are monitored daily. The number of 
eggs is determined for each egg case, which is incubated 
for 6 d to determine hatching success. Each treatment of 
the life-cycle test is ended separately when no additional 
emergence has been recorded for 7 consecutive days 
(the 7 4  criterion). When no emergence is recorded from a 
ireatment, ending of that treatment should be based on 
the control sediment using this 7-d criterion. Appendix C 
and Table 6.1 outline eqGpment and supplies needed to 
conduct this test. The orocedures described in Table 
15.1 include measurement of a variety of lethal and 
sublethal endpoints; minor modifications of the basic 
methods can be used in cases where only a subset of 
these endpoints is of interest. 

cance of ;mall decreases in reproduction. 

15.1.4 Growth and other sublethal endpoints in sediment 
tests with C. tentans often provide unique information that 
can be used to discriminate toxic effects of exposure to 
contaminants. See Section 15.4.6 for additional details. 

15.1.5 Results of tests using procedures different from 
the procedures described in Section 15.2 may not be 
comparable and these different procedures may alter 
contaminant bioavailability. Comparison of results ob- 
tained using modified versions of these procedures might 
provide useful information concerning new concepts and 
procedures for conducting sediment tests with aquatic 
organisms. If tests are conbucted with procedures differ- 
ent from the ~rocedures described in this manual, addi- 
tional tests are required to determine comparability of 
results (Section 1.3). 

15.2 	 Procedure for Conducting a Life- 
cycle Test for Measuring the Effects 
of Sediment-associated 
Contaminants on Chironomus 
tentans 

15.2.1 Conditions for conducting a long-term sediment 
toxicity test with C. tentans are summarized in Table 15.1. 
A general activity schedule is outlined in Table 15.2. 
Decisions concerning the various aspects of experimental 
design, such as the number oftreatments, number of test 
chambersltreatment, and water-quality characteristics 
should be based on the purpose of the test and the 
methods of data analysis (Section 16). When variability 



Table 15.1 Test Conditions for Conducting a Long-term Sedlment Toxicity Test with Chlronomus tentans 

Parameter 	 Conditions 

1. Test type: 	 Whole-sediment toxicity test with renewal of overlying water 

2. Temperature: 	 23 f l 'C  

3. Light quality: 	 Wide-spectrum fluorescent lights 

4. Illuminance: 	 About 100 to 1000 lux 

5. Photoperiod: 	 16L:8D 

6. Test chamber: 	 300-mL high-form lipless beaker 

7. Sediment volume: 	 100 mL 

8. Overlying water volume: 	 175 mL 

9. 	 Renewal of overlying water: 2 volume additionsld (Appendix A): continuous or intermittent (e.g., one volume 
addition every 12 h) 

10. Age of organisms: 	 c 24-h-old larvae 

11. Number of organismslchamber: 	 12 

12. Number of replicate chambersltreatment: 	 16 (12 at Day -1 and 4 for auxiliary males on Day 10) 

13. Feeding: 	 TetraCna goldfish food, fed 1.5 mL daily to each test chamber starting Day -1 
(1 0 mL contains 4.0 mg of dry solds) 

14. Aeration: 	 None, unless dissolved oxygen in overlying water drops below 2.5 mglL 

15. Overlying water: 	 Culture water, well water. surface water, site water, or reconstituted water 

16. Test chamber cleaning: 	 If screens become clogged during a test, gently brush the outside of the screen 
(Appendix A). 

17. Overlying water quality: 	 Hardness, alkalinity, conductivity, and ammonia at the beginning, on Day 20, and 
at the end of a test. Temperature daily (ideally continuously). Dissolved oxygen 
(DO) and pH three tlmeslweek. Conductivity weekly. Concentrations of DO should 
be measured more often if DO has declined by more than 1 mglL since previous 
measurement. 

18. Test duration: 	 About 50 lo 65 0; each trealment is ended separately when no addtional emergence 
has been recorded for seven consecutive days When no emergence is recorded 
from a treatment, termination of that treatment sho.ld be based on tne conlro 
sed:ment usng ths 7-d criterion. 

19. Endpoints: 	 20-d survival and weight: female and male emergence, adult mortality, the number 
of egg cases ovposited, the number of eggs produceo, and the n-mber of hatched 
eggs Potential sdblethal endpoinls are listed :nTable 15 4. 

20. 	 Test acceptability: Average size of C. fentans in the control sediment at 20 d must be at least 0.6 mgl 
surviving organism as dry weight or 0.48 mglsurviving organism as AFDW. 
Emergence should be greater than or equal to 50%. Experience has shown that 
pupae survival is typically >83% and adult survival is >96%. Time to death after 
emergence is <6.5.d for males and s5.1 d for females. The mean number of eggs1 
egg case should be greater than or equal to 800 and the percent hatch should be 
greater than or equal to 80%. See Sections 15.1.3 and 17.6 for a summary of 
performance in round-robin testing. 

remains constant, the sensitivity of a test increases as in culture. For site-specific evaluations, the characteris- 
the number of replicates increases. tics of the overlying water should be as similar as pos- 

sible to the site where sediment is collected. Require- 
15.2.2 The long-term sediment toxicity test with C. fen- ments for test acceptability are summarized in Table 
tans is conducted at 23°C with a 16L:8D photoperiod at an 15.3. 
illuminance of about 100 to 1000 lux (Table 15.1). Test 
chambers are 300-mL high-form lipless beakers contain- 15.2.3 The number of replicates and concentrations 
ing 100 mL of sediment and 175 mL of overlying water. tested depends in part on the significance level selected 
Each test chamber receives 2 volume additionsld of and the type of statistical analysis. For routine testing, a 
overlying water. Water renewals may be manual or auto- total of 16 replicates, each containing 12. ~24-h-old larvae 
mated. Appendix Adescribes water-renewal systems that are tested for each treatment. For the total of 16 repli- 
can be used to deliver overlying water. Overlying water cates the assignment of beakers is as follows: initially, 
should be a source of water that has been demonstrated 12 replicates are set up on Day -1 of which 4 replicates 
to support survival, growth, and reproduction of C. tentans are used for 20-d growth and survival endpoints and 6 
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Table 15.2 General Actlvlty Schedula for Conducting a Long-term Sedlment Toxlelty Test with Chlronornus fenfans 

Day 	 A C ~ I V I ~ ~  

Pre-Test 

-4 	 Start reproduction flask with cultured adults (1:3 ma1e:female ratio). For example for I 5  to 25 egg cases. 10 males and 30 females 
are typically collected. Egg cases typically range from 600 to 1500 eggslcase. 

-3 	 Collect egg cases (a mlnlmum of 6 to 8) and incubate at 23°C. 

-2 	 Check egg cases for viability and development. 

-1 	 1. Check egg cases for hatch and development. 

2. Add 100 mL of homogenized test sediment to each replicate beaker and place in corresponding treatment holding tank. Afler 
sediment has settled for at least 1 h, add 1.5 mL Tetrafin slurry (4glL solution) to each beaker. Overlying water renewal begins 
at this time. 

Sedlment Test 

0 	 1. Transfer all egg cases to a crystallizing dish containing control water. Discard larvae that have already left the egg cases 
in the Incubation dishes. Add 1.5 mL food to each test beaker with sediment before the larvae are added. Add 12 larvaet0,each 
replicate beaker (beakers are chosen by random block assignment). Let beakers sit (outside the test system) for 1 h following 
addition of lhe larvae. After this period, gently Immerse all beakers Into lhelr respective treatment holding tanks. 

2. Measure temperature, pH, hardness, alkalinity, dissolved oxygen, conductivity and ammonia at start of test. 

1-End 	 On a daily basis, add 1.5 mL food to each beaker. Measure temperature daily. Measure the pH and dissolved oxygen three 
times a week during the lest. Measure conductivity weekly. If the DO has declined more than 1 mglL since previous reading, 
increase frequency of DO measurements and aerate if DO continues to be less than 2.5 mglL. Measure hardness, alkalinity, 
conductivity, ammonia, temperature, pH, and dissolved oxygen at the end of the lest. 

6 	 For auxiliary male production, start reproduction flask with culture adults (e.g., 10 males and 30 females; 1:3 male to female ratio). 

7-10 	 Follow set-up schedule for auxiliary male beakers (4 replicatesltreatment) described above for Day -3 to Day 0. 

19 	 In preparation forweight determinations, ash weigh pans at 550% for 2 h. Note that the weigh pans should be ashed before use 
to eliminate weighing errors due to the pan oxidizing during ashing of samples. 

20 	 1. Randomly select four replicates from each treatment and sieve the sediment to recover larvae for growth and survival 
determinations. Pool all living larvae per replicate and dly the sample to a constant weight (e.g 60°C for 24 h). 

2. Install emergence traps on each of the remaining reproductive replicate beakers. 

3. Measure temperature, pH, hardness, alkalinity, dissolved oxygen, conductivity and ammonia. 

21 	 Tne sample wilh dried larvae 1s brought to room lemperature in a dessicator and weighed to the nearest 0.01 mg The dr.ed 
larvae In the pan are then ashed at 550PC for 2 h The pan w th the ashed larvae 1s lhen reweighed and the Iss-e mass of the 
larvae determ ned as the difference between lhe we ght of the orled larvae plus pan and the weight of the ashed larvae p l ~ s  pan 

Chmnlc Measurements 

23-End 	 On a daily basis, record emergence of males and females, pupal, and adult mortality, and time to death for previously collected 
adults. Each day, transfer adults from each replicate to a corresponding reproductionloviposition (WO) chamber. Transfer each 
primary egg case from the WO chamber to a corresponding petri dish to monitor incubation and hatch. Record each egg case 
oviposlted, number of eggs produced (using either the ring or direct count methods), and number of hatched eggs. If it is difficult 
lo estimate the number of eggs In an egg case, use a direct count to determine the number of eggs; however the hatchability data 
will not be obtained for this egg case. 

28 	 Place emergence traps on auxiliary male replicate beakers. 

33-End 	 Transfer males emerging from the auxll~ary male replicates lo ind~vldual Inverted pelrl d shes The auxl lary males are "sed for 
matang wlth females from corresponding treatments from wh~ch most of the males had already emerged or in wh~ch no males 
emerged. 

40-End 	 Afler 7 d of no recorded emergence in a given treatment, end the treatment by sieving the sediment to recover larvae, pupae. 
or pupal exuvlae. When no emergence occurs in a test treatment, that treatment can be ended once emergence in the control 
sediment has ended uslng the 7-d criterion. 

replicates for determination of emergence and reproduo are stocked with 12, ~24-h-old lawae 10 d following 
tion. It is typical for males to begin emerging 4 to 7 d initiation of the test. Midges in each test chamber are fed 
before females. Therefore, additional males, referred to 1.5 mL of a 4-glL Tetrafin@ susoension dailv. Endooints 
as a~xiliary males, need to be available during the prime monitored incLde 20-d s u ~ i v a i  and weight;emergence, 
female emergence period for each resoective chamber1 time to death ladultsl. re~roduction. , . and eoa hatchabiiitv. -- - -,
sediment. ~oprovide these males, 4 additional replicates 



Table 15.3 Test Acceptabliity Requirementa for a Long-term Sediment Toxlclty Test wlth Chlronomus tentans 

~ 

A. It is recommended for conducting a long-term test with C. fenlans that the following performance criteria be met: 

1. 	 Tests must be started with less than I-d- (-24-h) old larvae. Starting a test with substantially older organisms may compromise 
the emergence and reproductive endpoint. 

2. 	 Average survival of C. fenlans in the wntrol sediment should be greater than or equal to 70% on Day 20 and greater than 65% at 
the end of the test. 

3. 	 Average size of C. fenfans in the wntrol sediment at 20 d must be at least 0.6 mglsurviving organism as dry weight or 0.48 mgl 
surviving organism as AFDW. Emergence shouid be greater than or equal to 50%. Experience has shown that pupae survival is 
typically >83% and adult survival is >96%. Time to death after emergence is c6.5 d for males and <5.1 d for females. The mean 
number of eggstegg case should be greater than or equal to 800 and the percent hatch shouid be greater than or equal to 80%. 
See Sections 15.1.3 and 17.6 for a summary of performance in round-robin testing. 

4. 	 Hardness, alkalinity, and ammonia in the overlying water typically should not vary by more than 50% during the test, and dissolved 
oxygen should be maintained above 2.5 mg/L in the overlying water. 

8. Performance-based criteria for culturing C. fenfans include the following: 

1. 	 It may be desirable for laboratories to periodically perform 96-h water-only reference-toxlcity tests to assess the sensitivity of 
culture organisms (Section 9.16.2). ,Data from these reference-toxicity tests could be used to assess genetic strain or life-stage 
sensitivity of test organisms to select chemicals. 

2. 	 Laboratories shouid keep a record of time to first emergence for each culture and record this information using wntrol charts. 
Records shouid also be kept on the frequency of restarting cultures. 

3. 	 Laboratories should record the following water-quality characteristics of the cultures at least quarterly: pH, hardness, alkalinity. 
and ammonia. Dissolved oxygen in the cultures should be measured weekly. Temperature of the cultures should be recorded 
daily. If static cultures are used, it may be desirable to measure water quality more frequently. 

4. 	 Laboratories should characterize and monitor background contamination and nutrient quality of food if problems are observed in 
culturing or testing organisms. 

5. 	 Physiological measurements such as lipid content might provide useful information regarding the health of the cultures. 

C. Additional requirements: 

1. 	 All organisms in a test must be from the same source. 

2. 	 Storage of sediments collected from the field shouid follow guidance outlined in Section 8.2. 

3. 	 All test chambers (and compartments) should be identical and shouid contain the same amount of sediment and overlying water. 

4. 	 Negative-control sediment and appropriate solvent controls must be included in a test. The concentration of solvent used must not 
adversely affect test organisms. 

5. 	 Test organisms must be cultured and tested at 23'C (*I-C). 

6. 	 The daily mean test temperature must be within *I-C of 23%. The instantaneous temperature must always be within +3'C of 23% 

7. 	 Natural physico-chemical characteristics of test sediment collected from the field should be within the tolerance limits of the test 
organisms. 

15.3 General Procedures 	 15.3.2 Hatching of Eggs 

15.3.1 	Collection of Egg Cases 15.3.2.1 Hatching of eggs should be complete by about 
72 h. Hatched larvae remain with the egg case for about 

15.3.1 .IEgg cases are obtained from adult midges held 24 hand appear to use the gelatinous Eomponent of the 
in a sex ratio of 1:3 male:female. Ten males and eao case as an initial source of food (Sadler. 1935: Ball 
30 females will produce between 15 to 25 egg cases. a;; Baker, 1995). After the first 24-h'periodwith larvae 
Adults should be collected four days before starting a test hatched, transfer the egg cases from the incubation petri 
(Appendix C, Figure C.3). The day after collection of dish to another dish with clean test water. Larvae having 
adults, 6 to 8 of the larger "C"shaped egg cases are already left the egg case in the incubation petri dish are 
transferred to a petri dish with culture water and incubated discarded since their precise age and time away from the 
at 23" (Appendix C, Figure C.2). Hatching typically gelatinous food source is unknown. The action of trans- 
begins around 48 h and larvae typically leave the egg ferring the egg case stimulates the remaining larvae to 
case 24 h after the first hatch. The number of eggs in leave the egg case within a few hours. These are the 
each egg case will vary, but typically ranges from 600 to larvae that are used to start the test. 
1500 eggs. It should be noted that mating may have 
occurred in culture tanks before males and females are 
placed into flasks for collecting eggs. 



Table 15.4 Endpoints for a Long-term Sediment Toxicity Test with Chironomus tentans 

Lethal 

SIlrVlVpl Erpyrth 

Larvae (20 d) Larvae 

Larvae (End) 
Pupae 
Adults 

15.3.3 Sediment into Test  Chambers 

15.3.3.1 The day before the sediment test is started 
(Day -1) each sediment should be thoroughly homog- 
enized and added to the test chambers (Section 8.3.1). 
Sediment should be visually inspected to judge the extent 
of homogeneity. Excess water on the surface of the 
sediment can indicate separation of solid and liquid com- 
ponents. If a quantitative measure of homogeneity is 
reouired. re~licate subsam~lesshould be taken from the 
sediment batch and analyzed for TOC, chemical con- 
centrations, and particle size. 

15.3.3.2 Each test chamber should contain the same 
amount of sediment, determined either by volume or by 
weight. Overlying water is added to the chambers in a 
manner that minimizes suspension of sediment. This can 
be accom~lished bv aentlv pouring water along the sides 
of the chahbers orby poiring water onto a baffle (e.g., a 
circular piece of Teflon with a handle attached) placed 
above the sediment to dissipate the force of the water. 
Renewal of overlying water is started on Day -1. A test 
begins when the organisms are added to the test cham- 
bers (Day 0). 

15.3.4 Renewal of Overlying Water 

15.3.4.1 Renewal of overlying water is required during a 
test. Two volume additions of overlying water (continuous 
or intermittent) should be delivered to each test chamber 
daily. At any particular time during the test, flow rates 
through any two test chambers should not differ by more 
than 10%. Hardness, alkalinity and ammonia concentra- 
tions in the water above the sediment, within a treatment, 
typically should not vary by more than 50% during the 
test. Mount and Brungs (1967) diluters have been modi- 
fied for sediment testing, and other automated water- 
delivery systems have also been used (Maki, 1977; 
lngersoll and Nelson, 1990; Benoit et al.. 1993; Zumwalt 
et al.. 1994; Brunson et al.. 1998; Wall et al., 1998; 
Leppanen and Maier, 1998). Each water-delivery system 
should be calibrated before a test is started to verify that 
the system is functioning properly. Renewal of overlying 
water is started on Day -1 before the addition of test 
organisms on Day 0. Appendix A describes water-renewal 
systems that can be used for conducting sediment tests. 

Sublethal 

Emeraence 
Totallpercent 
Cumulative (Rate) 

Tlme to Flrst 
Time to Death 

RsDloductlon 
Sex Ratio 
Tlme to Ovlposltlon 

Mean EggslFemale 

Egg Casesflreatment 

Egg Hatchablllty 

15.3.4.2 In water-renewal tests with one to four volume 
additions of overlying waterld, water-quality characteris- 
tics aenerallv remain similar to the inflowing water (Inaersoll 
and-i el son; 1990; Ankley et al., 1993); however; iistatic 
tests, water quality may change profoundly during the 
exposure (Shuba et al., 1978). For example, in static 
whole-sediment tests, the alkalinity, hardness, and 
conductivity of overlying water more than doubled in 
several treatments during a four-week exposure (Ingersoll 
and Nelson. 1990). Additionally, concentrations of meta- 
bolic products (e.g.. ammonia) may also increase during 
static exposures, and these compounds can either be 
directly toxic to the test organisms or may contribute to 
the toxicity of the contaminants in the sediment. Further- 
more, changes in water-quality characteristics such as 
hardness may influence the toxicity of many inorganic 
(Gauss et al., 1985) and organic (Mayer and Ellersieck, 
1986) contaminants. Although contaminant concentra- 
tions are reduced in the overlvina water in water-renewal 
tests, organisms in direct coniaciwith sediment generally 
receive a substantial proportion of a contaminant dose 
directly from either the whole sediment or from the inter- 
stitial water. 

15.3.5 Acclimation 

15.3.5.1 Test organisms must be cultured and tested at 
23°C. Ideallv, test organisms should be cultured in the 
same waterihat will be used in testing. However, acciima- 
tion of test organisms to the test water is not required. 

15.3.5.2 Culturing of organisms and toxicity assessment 
are tv~icallv conducted at 23°C. However. occasionallv 
ther i js  a ieed to perform evaluations at temperature; 
different than that recommended. Under these circum- 
stances, it may be necessary to acclimate organisms to 
the desired test temperature to prevent thermal shock 
when moving immediately from the culture temperature to 
the test temperature (ASTM. 1999a). Acclimation can be 
achieved by exposing organisms to a gradual decline in 
temperature; however, the rate of decline should be rela- 
tively slow to prevent thermal shock. A decline in tem- 
perature of 1°C every 1 to 2 h has been used successfully 
in some studies (P.K. Sibley, University of Guelph, Guelph, 
Ontario, personal communication; APHA, 1989). Testing 
at temperatures other than 23°C needs to be preceded by 



studies to determine expected performance under alter- 
nate conditions. 

15.3.6 Placing Organisms In Test Chambers 

15.3.6.1 Test organisms should be handled as little as 
oossible. To start the test, larvae are collected with a 
~asteurpipet from the bottom of the incubation dish with 
the aid of a dissecting microscope. Test organisms are 
DiDetted directlv into 0verl~ing water and care should be 
exercised to reiease them under the surface of the Water. 
Transferrino the larvae to ex~osure ~ - ~ ~ - chambers within 4 h of ~ ~ 

emerging f;bm the egg cas; reportedly improves survival 
(Benoit et al., 1997). Laboratory personnel should prac- 
tice transferring first-instar midge larvae before tests with 
sediment are conducted. 

15.3.7 Feeding 

15.3.7.1 Each beaker receives a daily addition of 1.5 mL 
of Tetrafin@ (4 mglmL dry solids). Without addition of 
food, the test organisms may starve during exposures. 
However, the addition of the food may alter the availability 
of the contaminants in the sediment (Wiederholm et al., 
1987; Harkey et al., 1994). Furthermore. if too much food 
is added to the test chamber, or if the mortality of test 
organisms is high, fungal or bacterial growth may develop 
on the sediment surface. Therefore, the amount of food 
added to the test chambers is kept to a minimum. 

15.3.7.1 Suspensions of food should be thoroughly mixed 
before aliquots are taken. If excess food collects on the 
sediment, a fungal or bacterial growth may develop on the 
sediment surface, in which case feeding should be sus- 
ended for one or more days. A drop in dissolved oxygen 

below 2.5 mglL during a test may indicate that the-food 
added is not being consumed. Feeding should be sus- 
pended for the amount of time necessary to increase the 
dissolved oxygen concentration (ASTM. 1999a). If feed- 
ing is suspended in one treatment, it should be sus- 
pended in all treatments. Detailed records offeeding rates 
and the appearance of the sediment surface should be 
made daily. 

15.3.8 Monitoring a Test 

15.3.8.1 All chambers should be checked daily and 
observations made to assess test organism behavior 
such as sediment avoidance. However, monitoring ef- 
fects on burrowing activity of test organisms may be 
difficult because thk test organisms are often not visible 
durino the exposure. The operation of the exposure sys- 
tem skould be monitored daily. 

15.3.8.2 MeasurementofOverlying Water-quality 
Characteristics 

15.3.8.2.1 Conductivity, hardness, alkalinity, and ammo- 
nia should be measured in all treatments at the beginning 
of the test, on Day 20, and at the end of the test. 
Dissolved oxygen (DO) and pH measurements should be 
taken at the beginning of a test and at least three times a 
week until the end of the test. Conductivity should be 

measured weekly. Overlying water should be sampled 
just before water renewal from about 1 to 2 cm above the 
sediment surface using a pipet. It may be necessary to 
composite water samples from individual replicates. The 
pipet should be checked to make sure no organisms are 
removed during sampling of overlying water. Water quality 
should be measured on each batch of water prepared for . . 
the test. 

15.3.8.2.2 Routine chemistries on Dav Oshould be taken 
before organisms are placed in the iest beakers. Dis-
solved oxvoen and oH can be measured directlv in the . .-
overlying vater wit; a probe. However, for DO it is 
important to allow the probe time to equilibrate in the 
overlying water in an effort to accurately measure concen- 
trations of DO. If a probe is used for measurements in 
overlying water, it should be inspected between samples 
to make sure that oroanisms are not attached and should 
be rinsed between samples to minimize cross contamina- 
tion. 

15.3.8.2.3 Water-only exposures evaluating the tolerance 
of C. tentans larva to depressed DO have indicated that 
significant reductions in weight occurred afler 10-d expo- 
sure to 1.1 mglL DO, but not at 1.5 mglL (V. Mattson. 
USEPA, Duluth, MN, personal communication). This 
finding concurs with the observations during method de- 
velopment at the USEPA laboratory in Duluth that excur- 
sions of DO as low as 1.5 mg/L did not seem to have an 
effect on midge survival and development (P.K. Sibley. 
University of Guelph, Guelph, Ontario, personal commu- 
nication). Based on these findings, periodic depressions 
of DO below 2.5 mglL (but not below 1.5 mg/L) are not 
likely to adversely affect test results, and thus shouid not 
be a reason to discard test data. Nonetheless, tests 
should be managed toward a goal of DO >2.5 mg/L to 
insure satisfactory performance. If the DO level of the 

' 
waterfalls below 2.5 mglLfor any one treatment, aeration 
is encouraged and should be done in all repl:cates forthe 
duration of the test (i.e.. about 1 bubblelsecond in tne 
overlying water). occasional brushing of screens on 
outside of beakers will help maintain the exchange of 
water during renewals. 

15.3.8.2.4 Temperature shouid be measured at least 
daily in at least one test chamber from each treatment. 
The temperature of the water bath or the exposure cham- 
ber should be continuouslv monitored. The daily mean 
test temperature must be w:thin i1'C of 23°C. hei ins tan-
taneous temperat~re must always be within i3"C of 23°C. 

15.3.8.3 Monitoring Survival and Growth 

15.3.8.3.1 At 20 d, 4 of the initial 12 replicates are 
selected for use in growth and survival measurements. 
Using a #40 sieve (425-pm mesh) to remove larvae from 
sediment, collect the C. tentans and record data on record 
sheet (Appendix D). Any immobile organisms isolated 
from the sediment surface or from sieved material should 
be considered dead. Oflen C. tentans larvae tend to lose 
their coloration within 15 to 20 min of death and may 
become rigidly elongate. Surviving larvae are kept sepa- 
rated by replicate for weight measurements; if pupae are 



recovered ( 4 %  occurrence at recommended testing 
conditions), these organisms are included in survival data 
but not included in the growth data. A consistent amount 
of time should be taken to examine sieved material for 
recovery of test organisms (e.g., 5 minlrepiicate). 

15.3.8.3.2 The 10-d method for C. tentans in the first 
edition of this manual (USEPA, 1994a), as well as most 
previous research, has used dry weight as a measure of 
arowth. However. Siblev et al. (1997b) found that the 
grain size of sediments Influences the amount of sedi- 
ment that C. tentans larvae ingest and retain in their gut. 
As a result, in finer-grain sediments, a substantial portion 
of the measured d 6  weight may be comprised of sedi- 
ment rather than tissue. While this may not represent a 
strong bias in tests with identical grain size distributions 
in all treatments, most field assessments are likely to 
have varying grain size among sites. This will likely 
create differences in dry weight among treatments that 
are not reflective of true somatic growth. For this reason. 
weight of midges should be measured as ash-free dry 
weight (AFDW) instead of dry weight. AFDW will more 
directly reflect actual differences in tissue weight by 
reducing the influence of sediment in the gut. If test 
organisms are to be used for an evaluation of bioaccumu- 
lation, it is not advisable to drv the sample before con- 
ducting the residue analysis. lf fflnversion from wet weight 
to dry weight is necessary, aliquots of organisms can be 
weighed to establish wet to dry weight conversion factors. 
A consistent procedure should be used to remove the 
excess water from the organisms before measuring wet 
weight. 

15.3.8.3.3 The AFDW of midges should be determined 
for the growth endpoint. All living larvae per replicate are 
combined and dried to a constant weight (e.g., 60°C for 
24 h). Note that the weigh boats should be ashed before 
use to eliminate weighing errors due to the pan oxidizing 
during ashing. The sample is brought to room temper& 
ture in a desiccator and weighed to the nearest 0.01 ma to 
obtain mean weights per sthiving organism per replicate. 
The dried larvae in the pan are then ashed at 550°C for 
2 h. The pan with the ashed larvae is then reweighed and 
the tissue mass of the larvae is determined as the differ- 
ence between the weight ofthe dried larvae plus pan and 
the weight of the ashed larvae plus pan. For rare in- 
stances in which preservation is required, an 8% sugar 
formalin solution can be used to preserve samples 
(USEPA, 1994a), but the effects of preservation on the 
weight and lengths of the midges have not been suffi- 
ciently studied. The sugar formalin solution is prepared 
by adding 120 g of sucrose to 80 mL of formalin which is 
then brought to a volume of 1 L using deionized water. 
This stock solution is mixed with an equal volume of 
deionized water when used to preserve organisms. 
NoTox@ (Earth Safe Industries. Belle Mead, NJ) can be 
used as a substitute for formalin (Unger et al., 1993). 

15.3.8.4 Monitoring Emergence 

15.3.8.4.1 Emergence traps are placed on the reproduc- 
tive replicates on Day 20 (emergence traps for the auxil- 
iary beakers are added at the corresponding 20-d time 
interval for those replicates; Appendix C, Figures C.l and 
(2.4). At 23 'C, emergence in control sediments typically 
begins on or about Day 23 and continues for about 
2 weeks. However, in contaminated sediments, the 
emergence period may be extended by several weeks. 

15.3.8.4.2 Two categories are recorded for emergence: 
complete emeraence and partial emeraence. Comolete 
emergence occurs when an organism h&s shed the pupal 
exuviae completely and escapes the surface tension of 
the water. If complete emeraence has occurred but the 
adult has not escaped the sirface tension of the water. 
the adult will die within 24 h. Therefore. 24 h should 
elapse before this death is recorded. Partiai emergence 
occurs when an adult has only partially shed the pupal 
exuviae. These adults will also die, an event which can 
be recorded after 24 h. Pupae at the sediment surface or 
the air-water interface may emerge successfully during 
the 24-h period. However, cannibalism of sediment bound 
pupae by larvae may also occur. Data are recorded on 
data sheets provided as shown in example data sheet 
(Appendix D). 

15.3.8.4.3 Between Day 23 and the end of the test, 
emergence of males and females, pupal and adult mortal- 
ity, and time to death for adults is recorded daily for the 
reproductive replicates. On Dav 30 (20-d-old oraanisms). 
emergence traps are placed on the auxiliary bGakers Lo 
collect the additional males for use with females emerging 
from the reproduction replicates (Table 15.2; Appendix C, 
Figures C.l and C.4). Data are recorded on data sheets 
provided as shown in the example data sheet (Appendix 
D). 

15.3.8.5 Collecting Adults for Reproduction 

15.3.8.5.1 Adults are collected daily from individual traps 
using the aspirator and collector dish (Appendix C, 
Figure C.2). With the collector dish nearby, the emer- 
gence trap is quickly moved from the beaker onto the 
dish. With the syringe plunger fully drawn, the glass 
collector tube is inserted through the screened access 
hole of the collector dish and the adults gently aspirated 
into the syringe barrel. Aspirated adults can easily be 
seen through the translucent plastic of the syringe. The 
detachable portion of the aspirator unit is then replaced 
with a reproductionloviposit (RIO) chamber. This ex- 
change can be facilitated by placing the thumb of the 
hand holding the syringe overthe barrel entry port until the 
RIO chamber is in place. With the RIO chamber in place, 
and the plunger on a solid surface, the barrel of the 
syringe is pushed gently downward which forces the 
adults to move up into the RIO unit. Adults remaining on 
the transfer apparatus may be prodded into the RIO 
chamber by gently tapping the syringe. The transfer 
process is completed by quickly moving the RIO chamber 
to a petri dish containing clean water. At ail times during 



the transfer process, it is important to ensure that the 
adults are stationary to minimize the possibility of es- 
cape. 

15.3.8.5.2 At about Day 33 to the end of the test, the 
auxiliary males may be needed to support reproduction in 
females. Males that emerge from the auxiliary male 
re~licatesare transferred to individual inverted petri dishes 
(60 x 15 mm dishes without water and with air holes drilled 
in top of the dish; see Appendix C for a listing of equip- 
ment.) Each male may be used for mating with females 
from corresponding treatments for up to 5 d. Males may 
be used for breeding with more than one new emergent 
female. Males from a different replicate within the same 
sediment treatment may be paired with females of repli- 
cates where no males have emerged. Data can be re- 
corded on data sheets provided in Appendix D. 

15.3.8.6 Monitoring Reproduction 

15.3.8.6.1 Each WO unit is checked daily for dead adults 
and egg cases. Dead organisms are removed. In situa- 
tions where many adults are contained within an WO 
chamber, it may be necessary to assume that a dead 
adult is the oldest male or female in that replicate for the 
purpose of recording time to death. To remove dead 
adults and egg cases from the WO chamber, one side of 
the chamber is carefully lifted just enough to permit the 
insertion of a transfer pipet or tweezers. 

15.3.8.6.2 For each emerged female, at least one male, 
obtained from the corres~onding reproductive replicate. 
from another replicate of thattreatment, or from the 
auxiliary male beakers, is transferred into the WO unit 
using an aspirator. Females generally remain sexually 
receptive up to 3 d if they have not already mated. Benoit 
et al. (1997) have shown that over 90% of females will 
oviposit within 1 d of fertilization; however, a few will 
require as long as 72 h to oviposit. A female will lay a 
single primary egg case, usually in the early morning 
(Sadler, 1935). A second, generally smaller egg case 
may be laid; however these second egg cases are prone 
to fungus and the viability of embryos is typically poor. 
These second egg cases do not need to be counted, or 
recorded, and the numbers of eggs are not included in the 
egg counts because eggs in second egg cases typically 
have lower viability. 

15.3.8.7 Counting Eggs, EggCase Incubation, and  
~ a t c h~etermination 

15.3.8.7.1 egg cases from the WO chamber are 
transferred to a separate and corresponding Petri dish 
(60 x 15 mm with about 15 mL of water) to monltor 
incubation and hatch. The number of eggs should be 
estimated in each egg case by using a "ring method as 
follows: (1) for each eaa case, the mean number of eggs 
in five rings is detert%Tned; (2) these rings should-be 
selected at about equal distances along the length of the 
egg case; (3) the number of eggslring multiplied by the 
number of number of rings in the egg case will provide an 
estimate of the total number of eggs. This can be done in 

about 5 min or less for each egg case. Accuracy of 
estimating versus a direct counimethod is very close, 
rouohlv 95% (Benoit et al.. 1997). The rina method is best -
suicdio the'^ shaped egg cases. 

15.3.8.7.2 When the integrity of an egg case precludes 
estimation by the ring method (egg case is convoluted or 
distorted), the eggs should be counted directly. Each egg 
case is laced into a 5-cm alass culture tube containing 
about 2 m~ of 2 Nsulfuric acid (H,SO,)and left overnighi 
The acid dissolves the aelatinous matrix surroundina the 
eggs but does not affgct the structural integrity OF the 
eggs themselves. After digestion, the eggs are collected 
with a Pasteur pipet and spread across a microscope 
slide for counting under a dissecting microscope. Count- 
ing can be simplked by drawing a grid on the underside of 
the slide. The direct count method requires a minimum of 
10 min to complete and does not permit determination of 
hatching success. 

15.3.8.7.3 Following estimated egg counts, each egg 
case is transferred to a 60- x 15-mm plastic petri dish 
containing 15 mL overlying water and incubated at 23°C 
until hatching is complete. Although the time required to 
initiate hatching at this temperature is about 2 d, the 
period of time required to bring about complete hatch may 
be as long as 6 d. Therefore, hatching success is 
determined after 6 d of incubation. Hatching success is 
determined by subtracting the number of unhatched eggs 
remainina after the 6 d ~e r iod  from the number of esas 
ohainallyestimated for ihat egg case. Unhatched egis 
either remain in the gelatinousegg case or are distributed 
on the bottom of the petri dish. 

15.3.8.7.4 Depending on the objectives of the study, 
reproductive output in C. tentans may be expressed as: 
(1) number of eggslfemale or (2) number of offspring1 
female. The former approach estimates reproductive 
output (fecundity) in terms of the number of eggs depos- 
ited by a femaleisecondary egg cases are not incluoed) 
and does not take into account survival of hatched eggs. 
This approach has been shown to adequately discrimi- 
nate contaminant (Sibley et al., 1996) and noncontaminant 
(Siblev et al.. 1997a) stressors. Since this approach does 
;lot r&uire honitorhg egg masses for hatchability, the 
time and labor involved in conductina the life-cvcle test is 
reduced. However, studies that &quire esiimates of 
demographic parameters, or include population modeling. 
will need to determine the number of viable offspring Per 
female (Sibley et al., 1997a). This will require determina- 
tion of larval-hatch (see Section 15.3.8.7.3). Although 
larval hatch is listed as a potential endpoint by itself in 
this manual (Table 1 5 . q  the sensitivity of this endpoint 
has not been fully assessed, 

15.3.9 Ending a Test 

15.3.9.1 ~h~ point at which the life-cycle test is ended 
depends upon the sediments being evaluated. In clean 
sediments, the test typically requires 40 to 50 d from 
initial setup to completion. However, test duration w~ll 
increase in the presence of environmental stressors which 
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act to reduce growth and delay emergence (Sibley et al., sures (Ankley et al., 1994; Suedel and Rodgers, 1994; 
1997a). Where a stmna aradient of sediment contamina- Sibley et al., 1997b, 1998). Ankley et al. (1994a) found 
tion exists, emergencGttems between treatments will that growth of C. tentanslarvae was weakly conelated 
liknlv become asvnchronous. in which case each treat- with sediment arain size comoosition. but not oraanic , 
&t needs to be ended seoarateiy. For this reason, carbon, in 10-d rests using 50 niturai sediments fro& the 
emergence is used as a guide to decide when to end a Great Lakes. However, Sibley et al. (1997b) found that 
test. the wrrelation between arain size and larval arowth disao- 

peared afler accountingfor inorganic mateial contained 
15.3.9.2 For treatments in which emergence has oc- within larval guts and wncludedthat growth of C. tentans 
curred. the treatment (not the entire test) is ended when was not related to grain size composition in either natural 
no further emergence i's recorded over a period of 7 d (the sediments or sand substrates. Avoiding confounding 
7-d criterion). At this time, all beakers of the treatment influences of gut contents on weight is the impetus for 
are sieved through a #40-mesh screen (425 urn) to re- recommending ash-free dry weight (instead of dry weight) 
cover remaining larvae, pupae, or pupal castes: When no as the index~of growth in the 10-day and long-term 
emeroence is recorded in a treatment at anv time durina C. tentans tests. Failinn to do so could lead to erroneous 
thetest, that treatment can be ended once emergence in conclusions regardingthe toxicity of the test sediment 
the control sediment has ended using the 7-6 criterion. (Sibley e i  al., 1997b). Procedures for correcting for gut 

contents are described in Section 15.3.8.3. Emergence, 
15.4 Interpretationof Results 	 reproduction (mean eggsifemale), and hatch success 

were also not affected by the particle size composition of 
15.4.1 Data Analysis 	 substrates in long-term tests with C. tentans (Sibley et . 

al., IYYB).
15.4.1.1 Endpoints measured in the C. tentans test 
include survival, growth, emergence and reproduction. 75.4.3.2 ~ ~ ~ ~ ~ j ~ ~ 
Section 16 describes general information regarding 
statistical analysis of these data, including both point 15.4.3.2.1 Based on 10-d tests, the content of organic 
estimates (i.e.. LC50s) and hypothesis testing (i.e., matter in sediments does not appear to affect survival of 
ANOVA). A he following sections describe species-specific C. tentans larvae in natural and formulated sediments, but 
information that is useful in heloina to interoret the results may be important with respect to larval growth. Ankley et - ~~ 

of long-term sediment toxicity'te$s with 6. tentans. 	 al. (1994a) found no relationship between sedimentor- 
aanic content and survival or arowth in 10-d bioassavs 

15.4.2 	Age Sensitivity hith C. tentans in natural sediments. Suedel and ~ o d ~ e k  
(1994) observed reduced survival in 10-d tests with a 

15.4.2.1 Midges are perceived to be relatively insensitive formulated sediment when organic matter was <0.91%; 
organisms in toxicity assessments (Ingersoil, 1995). This however, supplemental food was not supplied in this 
conclusion is based on the practiceof measuring survival study, which may influence these results relative to the 
of fourth-instar larvae In short-term water-only exposures. 10-d test procedures described in this manual. Lacey et 
a procedure that may underestimate the sensitivity of al. (1999) found that survival of C. tentans larvae was 
midges to toxicants. The first and second instars of aenerallv not affected in 10-d tests bv either the aualitv or 
chironomids are more sensitive to contaminants than the quantitybf synthetic (alpha-cellulosej or naturally deriied 
third or fourth instars. For examole, first-instar C. tentans (oeat. maole leaves) oraanic material soiked into a formu- 
larvae were 6 to 27 times more sensitive than fourth-instar iated'sediment, altho$h a sliaht reduction in survival 
larvae to acute copper exposure (Nebeker et al., 1984b; below the acceptability criterion(70%) was observed in a 
Gauss et al.. 1985; Figure 12.1) and first-instar C. r i~arius natural sediment diluted with formulated sediment at an 
larvae were 127 times more sensitive than secondGnstar organic matter content of 6%. In terms of larval growth, 
larvae to acute cadmium exoosure IWilliams et al.. 1986b: Lacey et al. (1999) did not observe any systematic rela- 
Figure 12.1). in long-term'tests viith first-instar larvae; tionship between the level of organic material (e.g., food 
niibges were often as sensitive as daphnids to inorganic quantity) and larval growth for each carbon source. Ai-
and oraanic C O ~ D O U ~ ~ S  though a significant reduction in growth was observed at (Inaersoll et al.. 1990). Sediment 
tests should be Garted with-uniform age and size midges the highest concentration (10%) of the leaf treatment in 
because of the dramatic differences in sensitivity of the food quantity study, significantly higher larval growth 
midges by age. was observed in this treatment when the different carbon 

sources were compared at about equal concentrations 
15.4.3 	Physical Characteristics of Sediment (effect of food quality). In the latter study, the following 

gradient of larval growth was established in relation to the 
15.4.3.1 Grain Size 	 source of organic carbon: peat c natural sediment 

15.4.3.1.ILarvae of C. tentans appear to be tolerant of a 	 < alpha-cellulose < leaves. Since all of the treatments 
received a supplemental source of food, these data sug- wide range of particle size conditions in substrates. Sev- gest that both the quality and quantity of organic carbon in eral studies have shown that survival is not affected by 	 natural and formulated sediments may represent an im- particle size in natural sediments, sand substrates, or 	 portant confounding factor for the growth endpoint in tests formulated sediments in both 10-d and long-term expo- 	
with C. tenfans (Lacey et al., 1999). However, it is 



important to note that these data are based on 10-d tests; 
the applicability of these data to long-term testing has not 
been evaluated. 

15.4.4 Isolat ing Organisms at  the End of a Test 

15.4.4.1 Quantitative recovery of larvae at the end of a 
sediment test should not be a problem. The larvae are red 
and typically greater than 5 mm long and are readily 
retained on the #40-mesh sieve. 

15.4.5 Influence of Indigenous Organisms 

15.4.5.1 The influence of indigenous organisms on the 
response of C. tentans in sediment tests has not been 
reported. Survival of a closely related species, C. riparius 
was not reduced in the presence of oligochaetes in sedi- 
ment samples (Reynoldson et al., 1994). However, growth 
of C. rioarius was reduced when hiah numbers of 01;- 
gochaetes were placed in a sampik. Therefore, it is 
important to determine the number and biomass of indig- 
enous organisms in field-collected sediment in order to 
better interpret growth data (Reynoldson et al.. 1994; 
DeFoe and Anklev. 1998). Furthermore. the Dresence of 

may a~s'd influence the response of test organ- 
isms in sediment (Ingersoll and Nelson, 1990). 

15.4.6 	Relationship Between Endpoints 

15.4.6.1 Relationship Between Growth and 
Emergence Endpoints 

15.4.6.1.IAn important stage in the life cycle of C. tentans 
is the emergence adultsfrom pupalforms. Emergence 
has been used in many studies as an indicator of con- 
taminant stress (Wentsel et al., 1978; Pascoe et al.3 
1989; Sibley eta].. 1996). The use of emergence as an 
endpoint in this context is based upon the understanding 
that larval growth and emergence are intimately related 
such that environmental factors that affect larval develop- 
merit may affect emergence success. Implicit in the 
relationship between growth and emergence is the notion 
of a weight threshold that needs to be attained by larvae in 
order for emergence to take place (Hilsenhoff,1966; Liber 
et al., 1996; Sibley et al., 1997a). For example, based on 
evaluations conducted in clean control sediment, Liber et 
al. (1996) and Sibley et al. (1997a) showed that a mini- 
mum tissue mass threshold of approximately 0.6 mg dry 
weight or 0.48 mg ash-free dry weight was required before 
Pupation and emergence could take Place (Figure 15.1). 
Further, Sibley et al. (19974 found that maximum emer- 
gence (e.g., >60%) in this sediment occurred only after 
larvae had attained a tissue mass of about 0.8 mg dry 
weight. This value corresponds closely tothat suggested 
by Ankley et al. (1994a) as an acceptability criterion for 
growth in control sediments in 10-d tests with C. tentans. 

15.4.6.2 	Relationship Between Growth and 
Reproduction Endpoints 

15.4.6.2.1 Natural or anthropogenic stressors that affect 
growth of invertebrates may also affect reproduction. 
because of a minimum threshold body mass needed for 
reproduction (Rees and Crawley, 1989; Ernsting et al., 
1993; Moore and Dillon, 1993; Sibley et al., 1996,1997a). 
Sibley et al. (1996.1997a) reported a significant relation- 
ship between growth (dry weight) of larval C. tentans and 
reproductive output (mean number of eggs) of adults in 
relation to both food and contaminant (zinc) stressors 
(Figure 15.2). The form that this relationship may take 
depends upon the range of stress to which the larvae are 
exposed and may be linear or sigmoidal. The latter 
relationship is typically characterized by an upper maxi- 
mum determined by competitive factors (i.e.. food and 
space availability) and a lower minimum determined pri- 
marilv bv emergence thresholds (See Section 15.4.6.1: 
sibley e i  al., 1957a). 

15.4.6.2.2 Embryo viability (percent hatch of eggs) has 
been shown to evaluate the toxicity for waterborne 
chemicals (Williams et a1.,1986b; Pascoe et a1.,1989). 
However, percent hatch has not been used extensively as 
an endpoint to assess toxicity in contaminated sedi- 
ments. Sibley et al. (1996) found that the viability of 
embryos was not affected at any of the zinc treatments 
for which egg masses were produced; >87% of all eggs 
eventually hatched. Additional information regarding the 
measurement of embryo viability in round-robin testing is 
presented in Section 17.6. 

15.4.6.2.3 In contrast to H.azteca (Section 14.4), length 
is not commonly utilized as a growth endpoint inC. tentans, 
However, length may represent a useful alternative to 
weight. For example, recent studies (P.K. Sibley, "niver- 
,ity o f~ue lph,  Guelph, ontarlo, data) found 
a significant relationship (r2=0.99; <0.001) between ash- 
free dry weight and length in larvae of C, tentans rearedin 
clean control sediment (Figure 15.3). This suggests that 
either weight or length could be used to assess growth 
in C. tentans. However, the relationship between length 
and emergence or reproductive endpoints has not been 
evaluated, 

,5,4.6,3 	Relationship Between Growthand 
Population Endpoints 

15.4.6.3.1 Few studies have attempted to quantitatively 
define the relationship between larval growth and popula- 
tion-level processes. However, an accurate understand- 
ing of the ecological relevance of growth as an endpoint in 
sediment toxicity tests can only be achieved in terms of 
its effect, if any, on population-level processes. Sibley et 
,I. (1997a) found a significant relationship between larval 
growth and the intrinsic rate of population increase in 
C. tentans in relation to a food stressor (Figure 15.4). 
When applied in a theoretical population model, it was 
further demonstrated that changes in larval growth result- 
ing from the stressor gradient were significantly correlated 
to the predicted number of offspring recruited to subse- 
quent generations. 
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15.4.6.4 Relative Endooint Variabilitv.-...-.. ..-.-...- -..-r -...- .-..-..- .... 

15.4.6.4.1 Based on coefficient of variation (CV) deter-
mined from a control sediment (West Bearskin), the fol-
lowing variability has been documented for the various 
endpoints in the C. tentans life-cycle test (Sibley et al.. 
1996; Benoitet al., 1997): Survival(<20%), growth as dry 
weight (<Is%), emergence (<30%), reproductionas mean 
eggslfemale (<20%), percent hatch (<lo%). Additional 
information regarding the variation in these endpoints in 
round-robintesting is presentedin Section 17.6. 

15.4.6.5 Relative Endaoint Sensitivifv 

15.4.6.5.1 Measurement of sublethal endpoints (e.g., 
growth)can often provide uniqueinformationinaddition to 
measuringsurvival. A comparisonof lethaland sublethal 
endpoints relativeto toxicity identification is presentedin 
Table 14.4 for H. azteca. However, few studies have 
comparedthe relativesensitivity of the various endpoints 
in the C. tentans life cycle or in 10-d tests. Sibley et al. 
(1997a) found that larval C, tentansexposed to a gradient 
of food stress did not experience significant effects on 
survival, yet did experience a significant reduction in 
growth and reproduction. Further, the proportionof larvae 
hatching in this study was high (>80%) and not 
systematically related to treatment, suggesting that per-
cent hatch may be a relatively insensitive endpoint to 
sediment-associated contaminants. This is consistent 
with the findings of another study usingzinc-spikedsedi-
ments; no effect on embryo viability was observed for 
those treatments in which egg masses were produced 

(Siblev et at. 1996). Althouahthe resoonsesobserved in 
ihe feeding studywere not i u e  to a contaminant stressor 
per se, the sublethalendpointswere clearly better able to 
discriminatethe Dresenceof the stressor than was lethal-
ity. Ankley a n d ' ~ e ~ o e(1998) studied a variety of con-
taminated sediments and found that the sensitivity of 
C. tentans 10-d tests is greatly increased by measure-
mentof growth in addition to survival. Growth of midge in 
these 10-d sediment tests was foundto be a more sensi-
tive endpoint than survivalof Hyalellaezteca. 

15.4.7 Future Research 

15.4.7.1 Additional studies using known concentration 
gradients in sediment, should be conducted to better 
differentiate the relative sensitivity between lethal and 
sublethal endpoints and betweensublethal endpoints in 
the long-termC. tentans test. Additional studies also are 
neededto further evaluate the influenceof ammonia on 
long-term exposures with C. tentans. Section 1.3.8.5 
addresses interpretativeguidance for evaluatingtoxicity 
associated with ammonia in sediment. Planned water-
only toxicity tests with select chemicals (i.e., cadmium, 
DDD, and fluoranthene)should generate data that can be 
used to better determine the relative sensitivity of sur-
vival, reproduction, and growth endpoints in tests with C. 
tenfans. In addition to studies evaluating the relative 
sensitivity of endpoints, research is also neededto evalu-
ate the ability of these laboratory endpoints to estimate 
responses of benthic organisms exposed in the field to 
chemicals in sediments. 



Section 16 

Data Recording, Data Analysis and Calculations, and Reporting 


16.1 Data Recording 
16.1.IQuality assurance project plans with data quality 
objectives and operating procedures be 
developed before starting a test, procedures be 
developed by each laboratory to verify archive data 
(USEPA, 1994e). 

16.1.2 ~ f i l ~should be maintained for each sediment test 
or group of tests on closely related samples (Section 9). 
-rhis file should contain a record of the sample 
chain-of-custody; a copy of the sample log sheet; the 
original bench sheets for the test organism responses 
during the sediment test@); chemical analysis data on the 
sample(s); control data sheets for reference toxicants; 
detailed records of the test organisms used in the test(s), 
such as species, source, age, date of receipt, and other 
pertinent information relating to their history and health; 
information on the calibration of equipment and instru- 
rnents: test conditions used; and results of reference- 
toxicity tests. Original data sheets should be signed and 
dated by the laboratory personnel performing thetests. A 
record of the electronic files of data should also be 
included in the file. 

16.1.3 Example data sheets are included in Appendix D. 

16.2 Data Analysis 

16.2.1 Statistical methods are used to make inferences 
about populations, based on samples from those popula- 
tions. In most sediment toxicity and bioaccumulation 
tests, test organisms are exposed to chemicals in sedi- 
ment to estimate the response of the population of labora- 
tory organisms. The organism response to these sedi- 
ments is usuallycompared with the response to a control 
or reference sediment, or in some analyses of bioaccu- 
mulation test data, with a fixed standard such as a Food 
and Drug Administration (FDA) action level. In any toxic- 
ity or bioaccumulation test, summary statistics such as 
means and standard errors for response variables (e.g., 
survival, chemical concentrations in tissue) should be 
provided for each treatment (e.9.. pore-water concentra- 
tion, sediment). 

16.2.1.1 Types ofData. 

16.2.1.1.1 Two types of data can be obtained from 
sediment toxicity or bioaccurnulation tests. The most 
common endpoint in toxicity testing is mortality, which is 
a dichotomous or categorical type of data. Other endpoints 
measured in sublethal evaluations include growth and 
re~roduction (Sections 14 and 15) or tissue concentra- 
tidns (e.g., in sediment bioaccumuiation tests conducted 
with oligochaetes (Section 13) or with polychaetes and 
mollusks; USEPA, 199413). Growth, reproduction, and 
bioaccumulation endpoints are representative of continu- 
OUS data. 

16.2.1.2 Sediment Testing Scenarios 

16,2.1,2,1 Sediment tests are conducted to determine 
whether in sediment are harmful to or are 
bioaccumulated in benthic organisms, Sediment tests are 
commonly usedin studies designed to (,) evaluatedredged 
material, (2) assess site in the environ-
ment (e,g,, to rank areas for cleanup), and (3) determine 
effects of specific or of con-
taminants, through the use of sediment-spiking tech-
niques. Each of these broad study designs has specific 
statistical design and analytical considerations, which are 
detailed below. 

16.2.1.2.2 Dredged Material Evaluation. In these 
studies, each site is compared individually with a refer- 
encesediment, The statistical proceduresappropriate for 
these studies are generally pairwise comparisons. Addi-
tional information on toxicity testing of dredged material 
and analysis of data from dredged material evaluations is 
available in USEPA-USACE(1998a), 

16.2.1.2.3 Site Assessment of Field 
Surveysof sediment toxicity or bioaccumuiation are 
included in more comprehensive analyses of biological, 
chemical, geological, and hydrographjc data, Statistical 
correlation can be improved and costs may be reduced if 
subsamples are taken simultaneously for sediment toxic-
ity or bioaccumulation tests, chemical analyses, and 
benthic community structure determinations. There are 
several statistical approaches to field assessments, each 
with a s~ecific DurDose. If the obiective is to compare the 
response or residue level at ail sites individually to a 
control sediment, then the pairwise comparison approach 
described below is appropriate. If the objective is to 
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compare among all sites in the study area, then a multiple 
combarison that employs an experiment-wise 
error rate is aoorooriate. If the obiective is to comoare 
among bf sites, then orthogonal contrasts are a 
useful data analysis technique. 

16.2.1.2.4 Sediment-spiking Experiments. Sediments 
spiked with known concentrations of chemicals can be 
used to establish cause-and-effect relationships between 
chemicals and biological responses, ~ ~of toxicity~ 
tests with test materials spiked into sediments at different 
concentrations may be reported interms of an LC50, 
EC50, IC50, NOEC, or LOEC. Results of bioaccumulation 
tests with either field or spiked samples may be reported 
in terms of a BSAF (biota sediment accumulation factor; 
ASTM, $999~).  The statistical approach outlined above 
for spiked-sediment toxicity tests also applies to the 
analysis of data from sediment dilution experiments or 
water-only reference-toxicity tests. 

16.2.2 Experimental Design 

16.2.2.1 The guidance outlined below on the analysis of 
sediment toxicity and bioaccumulation test data is adapted 
from a variety of sources including ASTM (fgggc), USEPA 
(1991a), USEPA (1994a), USEPA (1gg4b), and 
USEPA-USACE (1998~). The obiectives of a sediment 

~ ~ ~\~ --.- ~- ,~~~- -~,~ -~~ - - ~~ ~ 

toxicitv or bioaccumulation test are to auantifv contami- 
nant effects on or accumulation in test organisms ex- 
oosed to natural or soiked sediments ordredaed materials ~~~~~ ~ ~~, ~ - - - ~~~ ~ ~~ ~ ~ 

and to determine ihether these effects a6 statistkally 
different from those occurring in a control or reference 
sediment. Each experiment consists of at least two treat- 
ments: the control and one or more test treatment(s). The 
test treatment(s) consist(s) of the contaminated or poten- 
tially contaminated sediment(s). A control sediment is 
always required to ensure that no contamination is intro- 
duced during the experiment setup and that test organ- 
isms are healthy. A control sediment is used to judge the 
acceptability of the test (Tables 11.3, 12.3, 13.4, 14.3, 
15.3). Some designs also require a reference sediment 
that represents an environmental condition or potential 
treatment effect of interest. Controls are used to evaluate 
the acceptability of the test and might include a control 
sediment, a sand substrate (for C. tentans; Section 12.2. 
15.2), or water-only exposures (for H. azteca; Section 
14.3.7.8). Test i~g a reference sediment provides a 
site-specific basis for evaluating toxicity of the test sedi- 
ments. Comparisons of test sediments to multiple refer- 
ence or control sediments representative of the physical 
characteristics of the test sediment (i.e., grain size, or- 
ganic carbon) may be useful in these evaluations 
(section 2.1 2). 

16.2.2.2 Experimental Unit 

16.2.2.2.1 During toxicity testing, each test chamber to 
which a single application of treatment is applied is an 
experimental unit. During bioaccumulation testing, how- 
ever, the test organism may be the experimental unit if 
individual members of the test species are evaluated and 
they are large enough to Provide sufficient biomass for 

chemical analysis. The important concept is that the 
treatment (sediment) is applied to each experimental unit 
as a discrete unit. Exoerimental units should be indeoen- 
dent and should not differ systematically. 

16.2.2.3 Re~l icat ion 

16.2.2.3.1 Replication is the assignment of a treatment to 
more than one experimental unit. The variation among 
replicates is a measure of the within-treatment variation ~ l t ~ 
and provides an estimate of within-treatment error for 
assessing the significance of observed differences be- 
tween treatments. 

16.224 MhimumDetectableDifferencefMDD) 
16,2,2,4,1 As the between treat-
ments which the test is required or designed to detect 
decreases, the number of replicates required to meet a 
given significance level and power increases. Because no 
consensus currently exists on what constitutes a biologi- 
cally acceptable MDD, the aporopriate statistical mini- 

mum signihcant difference should be a data quality objec- 
tive (DQO) established by the individual user (e.g., pro- 
gram considerations) based on their data requirements, 
the logistics and economics of test design, and the 
ultimate use of the sediment toxicity or bioaccumulation 

results. 

i6.2.2.5 Minimum Number Of Rep'icates 

16.2.2.5.1 Eight replicates are recommended for 10-d 
freshwater sediment toxicity testing (Section 11 and 12) 
and five replicates are recommended for 10-d marine 
testing (USEPA, 1994b). However, four replicates per 
treatment are the absolute minimum number of replicates 
for a 10-d sediment toxicity test. A minimum of five 
replicates per treatment is recommended for bioaccumu- 
lation testing (Section 13). It is always prudent to include 
as many replicates in the test design as are economically 
and logistically possible. USEPA 10-d sediment toxicity 
testing methods recommend the use of 10 organisms per 
replicate for freshwater testing or 20 organisms per repli- 
cate for 10-d marine testing. An increase in the number of 
organisms per replicate in all treatments is allowable only 
if (1) test performance criteria for the recommended num- 
ber of replicates are achieved and (2) it can be demon- 
strated that no change occurs in contaminant availability 
due to the increased organism loading. See Tables 14.1 
and 15.1 for a description of the number of replicates and 
test organismslreplicate recommended for long-term test- 
ing of Hyalella azteca or Chironomus tentans. 

16.2.2.6 Randomization 

16.2.2.6.1 Randomization is the unbiased assignment of 
treatments within a test system and to the exposure 
chambers ensuringthat no treatment isfavored and that 
observations are independent, it is also important to 

randomly select the organisms (but not the number of 
organisms) for assignment to the control and test 
treatments (e,g,, a bias inthe results may occur if all of 
the largest animals are placed in the same treatment), 
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(21randomize the allocation of sediment 1e.a.. do not take ,-, - -- -

all the sediment in the top of a jar for the control and the 
bottom for spiking), and (3) randomize the location of 
exposure units. 

16.2,2.7 Pseudorepllcation 

16.2.2.7.1 The appropriate assignment of treatments to . .  . 
the replicate exposure chambers is critical to the avoid- 
ance of a common error in design and analysis termed 
'pseudoreplication" (Hurlbert, 198;1). Pseudoreplication oc- 
curs when inferential statistics are used to test for treat- 
ment effects even though the treatments are not repli- 
cated or the replicates are not statistically independent 
(Hurlbert. 1984). The simplest form of pseudoreplication 
i's the treatment of subsa'mples of the.experimental unit 
as true reolicates. For examole. two aauaria are oreoared. ~~ - , ~~~~~~ 

one with control sediment and the i h e r  with iesi sedi: 
ment, and 10 organisms are placed in each aquarium. 
Even if each oroanism is analvzed individuallv. the 10 
organisms only Feplicate the biological response and do 
not replicate the treatment (i.e., sediment type). In this 
case, the experimental unit is the 10 organisms and each 
organism is a subsample. A less obvious form of pseudo- 
replication is the potential systematic error due to the 
physical segregation of exposure chambers by treatment. 
For example, if all the control exposure chambers are 
placed in one area of a room and all the test exposure 
chambers are in another, spatial effects (e.g.. different 
lighting, temperature) could bias the results for one set of 
treatments. Random physical intermixing of the exposure 
chambers or randomization of treatment location may be 
necessary to avoid this type of pseudoreplication. Pseu- 
dore~licati~ncan be avoided or reduced by properly iden- 
tifying the experimental unit, providing replicate experi- 
mental units for each treatment, and applying the treat- 
ments to each experimental unit in a manner that includes 
random pnysicalintermixing (interspersion) and indepen- 
dence. However. avoiding ~seudoreplication completely 
may be difficult or impossible given resource constraints. 

16.2.2.8 Optimum Design of Experiments 

16.2.2.8.1 An optimum design is one which obtains the 
most precise answer for the least effort. It maximizes or 
minimizes one of many optimality criteria, which are 
formal, mathematical expressions of certain properties of 
the model that are fit to the data. Optimum design of 
experiments using specific approaches described in 
Atkinson and Donev (1992) has not been formally applied 
to sediment testing; however, it might be desirable to use 
the approaches in experiments. The choice of optimality 
criteriondependson theobjective ofthetest, and compos- 
itecriteria can be used when atest hasmore thanonegoal. 
A design is optimum only for a specific model, so it is 
necessary to know beforehand which models might be 
used (Atkinson and Donev, 1992). 

16.2.2.9 ~ o m ~ o s i t i k- ~ a m ~ l e s  

16.2.2.9.1 Decisions regarding compositing of samples 
depend on the objective of the test. Compositing is used 
primarily in bioaccumulation experiments when the biom- 
ass of an individual organism is insufficient for chemical 
analysis. Compositing consists of combining samples 
(e.g., organisms, sediment) and chemically analyzing the 
mixture rather than the individual samples. The chemical 
analysis of the mixture provides an estimate of the aver- 
age concentration of the individual samples making up 
the composite. Compositing also may be used when the 
cost of analysis is high. Each organism or sediment 
sample added to the composite should be of equal size 
(i.e., wet weight) and the composite should be completely 
homogenized before taking a sample for chemical analy- 
sis. If comoositing is performed in this manner, the value 
obtained fiom the anilysis of the composite is the same 
as the average obtained from analyzing each individual 
sample (within any sampling and analylical errors). If true 
replicate compo$tes (not subsamplk composites) are 
made, the variance of the replicates will be less than the 
variance of the individual samples, providing a more 
precise estimate of the mean value. This increases the 
power of a test between means of composites over a test 
between means of individuals or samples for a given 
number of samples analyzed. If compositing reduces the 
actual number of replicates, however, the power of the 
test will also be reduced. If composites are made of 
individuals or samples varying in size, the value of the 
composite and the mean of the individual organisms or 
sediment samples are no longer equivalent. The variance 
of the replicate composites will increase, decreasing the 
power of any test between means. In extreme cases, the 
variance of-the composites can exceed the population 
variance (Tetra Tech, 1986). Therefore, it is important to 
keep the individuals or sediment samples comprising the 
composite equivalent in size. If sample sizes vary, con- 
sult the tables in Schaeffer and Janardan (1978) to deter- 
mine if replicate composite variances will be higher than 
individual sample variances, which would make compos- 
iting inappropriate. 

16.23 Hypothesis Testing and Power 

16.2.3.1 The purpose of a toxicity or bioaccumulation 
test is to determine if the biological response to a treat- 
ment sample differs from the response to a control sample. 
Figure 16.1 presents the possible outcomes and deci- 
sions that can be reached in a statistical test of such a 
hypothesis. The null hypothesis is that no difference 
exists among the mean control and treatment responses. 
The alternat~ve hvoothesis of areatest interest in sedi- 
ment tests is thai'the treatments are toxic, or contain 
concentrations of bioaccumulatable compounds, relative 
to the control or reference sediment. 

16.2.3.2 Statistical tests of hypotheses can be designed 
to control for the chances of making incorrect decisions. 
In Figure 16.1, alpha (a) represents the probability of 
making a Type Istatistical error. AType I statistical error 
in this testing situation results from the false conclusion 
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Treatment response (TR). Alpha (a)represenlsthe probability of 
making a Type I statistical error (false positive): beta (P) 
represents the probability of making a Type II statistical error 
(false negative). 

Flgure 16.1 Treatment response for a Type Iand Type IIerror. 

that the treated sample is toxic or contains chemical 
residues not found in the control or reference sample. 
Beta (p) represents the probability of making a Type II 
statistical error, or the likelihood that one erroneously 
concludes there are no differences among the mean 
responses in the treatment, control or reference samples. 
Traditionallv. acce~table values for a have ranaed from 
0.1 to 0.0l'hith 0.05 or 5% used most commoily. This 
choice should depend upon the consequences of making 
a T V D ~  I error. Historicallv, having chosen a, environmen-
tal researchers have ignb;ed p ahd the associated power 
ofthe test (I-p). 

16.2.3.3 Fairweather (1991) presents a review of the need 
for, and the practical implications of, conducting power 
analyses in environmental monitoring studies. This re- 
view also includes a comprehensive bibliography of re- 
cent publications on the need for, and use of, power 
analyses in environmental study design and data analy- 
sis. The consequences of a Type II statistical error in 
environmental studies should never be ignored and may, 
in fact, be one of the most important criteria to consider in 
exoerimental desians and data analvses that include 
statistical hypotheis testing. To paraphrase Fairweather 
(1991). hecom commitment oitime, energy and people to a 
false oositive (a TvDe Ierror) will onlv continue until the . .. 
mistake is discovered. In contrast, ihe cost of a false 
negative (a Type II error) will have both short- and long-term 
costs (e.g., ensuing environmental degradation and the 
eventual cost of its rectification)." 

16.2.3.4 The critical components of the experimental 
design associated with the testing of hypotheses outlined 
above are (1) the required MDD between the treatment 
and control oireferenk responses, (2) the variance among 
treatment and control reolicate exoerimental units. (3) the 
number of replicate units for the treatment and'dontrol 
samples. (4) the number of animals exposed within a 
replicate exposure chamber, and (5) the selected prob- 
abilities of Type I(a) and Type I1(P) errors. 

16.2.3.5 Sample size or number of replicates may be 
fixed due to cost or space considerations or may be 
varied to achieve a priori probabilities of a and p. The 

MDD should be established ahead of time based upon 
biological and program considerations. The investigator 
has little control of the variance among replicate expo- 
sure chambers. However, this variance component can 
be minimized by selecting test organisms that are as 
biologically similar as possible and maintaining test con- 
ditions within prescribed quality control (QC) limits. 

16.2.3.6 The MDD is expressed as a percentage change 
from the mean control response. To test the equality of 
the control and treatment resoonses. a two-samole ttest 
with its associated assumptions is the appropriate para- 
metric analysis. If the desired MDD, the number of repli- 
cates per treatment, the number of organisms per repli- 
cate ahd an estimate of typical amongreplicate variabil- 
itv. such as the coefficient of variation lCVl from a control 
&mple, are available, it is possible io dse a graphical 
approach as in Figure 16.2 to determine how likely it is 
that a 20% reduction will be detected in the treatment 
response relative to the control response. The CV is 
defined as 100% x (standard deviation divided by the 
mean). In a test design with 8 replicates per treatment 
and with an a level of 0.05, high power (i.e., >0.8) to 
detect a 20% reduction from the control mean occurs 
only if the CV is 15% or less (Figure 16.2). The choice of 
these variables also affects the power of the test. If 5 
replicates are used per treatment (Figure 16.3). the CV 
needs to be 10% or lower to detect a 20% reduction in 
response relative to the control mean with a power of 90%. 

16.2.3.7 Relaxing the a level of a statistical test in- 
creases the pow& of the test. Figure 16.4 duplicates 
Figure 16.2 exceot that a is 0.10 instead of 0.05. Selec- 
ti& of the appropriate a level of a test is a function of the 
costs associated with making Type I and II statistical 
errors. Evaluation of Figure 16.2 illustrates that with a CV 
of 15% and an alevel of 0.05, there is an 60% probability 
(oower) of detectina a 20% reduction in the mean treat- 
ment response relGive to the control mean. However, if 
a is set at 0.10 (Figure 16.4) and the CV remains at 15%, 
then there is a 90% probabilitv (power) of detecting a 20% 
reduction relative tothe controlmean: The latter example 
would be oreferable if an environmentallv conservative 
analysis a'nd interpretation of the data is desirable. 

16.2.3.8 Increasing the number of replicates per treat- 
ment will increase the power to detect a 20% reduction in 
treatment response relative to the control mean 
(Figure 16.5). Note, however, that for less than 8 repli-
cates per treatment it is difficult to have high power 
(i.e., >0.80) unless the CV is less than 15%. If space or 
cost limit the number of replicates to fewer than 8 per 
treatment, then it may be necessary to find ways to 
reduce the among replicate variability and consequently 
the CV. Options that are available to increase the power 
of the test include selecting more uniform organisms to 
reduce biological variability or increasing the a level of 
the test. For CVs in the range of 30% to 40%, even 
8 replicates per treatment is inadequate to detect small 
reductions (~20%) in response relative to the control 
mean. 
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Figure 16.2 	 Power of the test vs, percent reduction in treatment response relative to the control mean at various CVs 
(8 replicates, alpha = 0.05 [one-tailed]). 
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Figure 16.3 	 Power of the test vs. percent reduction in treatment response relative to the control mean at various CVs 
(5 replicates, alpha = 0.05 [one-tailed]). 
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Figure 16.4 	 Power of the test vs. percent reduction in treatment response relative to the control mean at various CVs 
(8 replicates, alpha = 0.10 [one-tailed]). 

No. o f  Replicates (n) 

Figure 16.5 	 Effect of CV and number of repllcates on the power to detect a 20% decrease In treatment response relative to the 
control mean (alpha = 0.05 [one-tailed]). 



16.2.3.9 The effect of the choice of aand P on number of 
replicates for various CVs, assuming the combined total 
probability of Type Iand Type IIstatistical errors is fixed 
at 0.25. is illustrated in Fiaure 16.6. An a of 0.10 therefore 
establishes a p of 0.15, i n  Figure 16.6, if a = p = 0.125, 
the number of replicates required to detect a difference of 
20% relative to the control is at a minimum. As a or P 
decrease, the number of replicates required to detect the 
same 20% difference relative to the control increases. 
However, the curves are relatively flat over the range of 
0.05 to 0.20, and their shape will change dramatically if 
the combined total a+ P is changed. Limiting the total of 
a + I3 to 0.10 ~reat ly increases the number of replicates 
necessary to i e t e d  a preselected percentage reduction 
in mean treatment response relative to the control mean. 

16.2.4 Comparing Means 

16.2.4.1 Figure 16.7 outlines a decision tree for analysis 
of survival, growth, or reproduction data subjected to 
hypothesis testing. In the tests described herein, samples 
or observations refer to replicates of treatments. Sample 
size n is the number of replicates (i.e.. exposure cham- 
bers) in an individual treatment, not the number of organ- 
isms in an exposure chamber. Overall sample size N is 
the comb~ned total number of replicates in all treatments. 
The statistical methods discussed in this section are 
described in general statistics texts such as Steel and 
Torrie (1980), Sokal and Rohlf (1981), Dixon and Massey 
(1983), Zar (1984), and Snedecorand Cochran (1989). It 
is recommended that users of this manual have at least 

one of these texts and associated statistical tables on 
hand. A nonparametric statistics text such as Conover 
(1960) might also be helpful. 

16.2.4.2 Mean 

16.2.4.2.1 The sample mean (Y) is the average value, or 
Xx,/n where 

n = number of obse~ations (replicates) 

x, = ith observation 

Zx, = every x summed = x, + x, + x, + . . .+ xn 

16.2.4.3 StandardDeviation 

16.2.4.3.1 The sample standard deviation (s) is a mea- 
sure of the variation of the data around the mean and is 

equivalent to 0 . The sample variance, sZ, is given by 

the following "machine" or "calculation" formula: 

Alpha (Beta = 0.25 - Alpha) 

Figure 16.6 Effect of alpha and beta on the number of replicates at various CVs (assuming combined alpha + beta = 0.25). 
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Section 15 

Test Method 100.5 


Life-cycle Test for Measuring the Effects of Sediment-associated 

Contaminants on Chironomus tentans 


15.1 	 Introduction 15.1.3 The method outlined in Section 15.2 has been 
evaluated in round-robin testing with 10 laboratories using 

15.1.1 The midge Chironomus tentans has been used two clean sediments (Section 17.6). In the preliminary 
extensively in the short-term assessment of chemicals in round-robin with 1.5 mL of Tetrafinld as a food source. 
sediments (Wentsei et al.. 1977; Nebeker et al., 1984; 90% of labs met the survival criterion (>70%). 100% of 
Giesy et al., 1988; West et al., 1994), and standard labs met the growth criterion (20.48 mg AFDW), 70% of 
methods have been developed for testing with this midge labs met the emergence criterion (>50%), 90% of labs 
using 10-d exposures (Ingersoll et al.. 1995; USEPA, met the reproduction criterion (>a00 eggsifemale). and 
1994a; ASTM, 1999a). Chironomus tentans is a good 88% of labs met the percent hatch criterion (~30%). 
candidate for long-term toxicity testing because it nor- Reproduction was generally more variable than growth or 
mallv cornoletes its life cvcle in a relativelv short Oeriod of survival within and amona laboratories; hence, more reoli- 
timg(25 to 30 d at 2 3 ' ~ j ,  and a variety oidevelopmental cates might be needeci to establish statistical signifi- 
(growth, su~ivorship) and reproductive (fecundity) end- cance of small decreases in reproduction. 
ooints can be monitored. In addition, emergent adults can 
be readily collected so it is possible to trangfer organisms 15.1.4 Growth and other sublethal endpoints in sediment 
from the sediment test svstem to clean. overlvina water tests with C. tentans oflen orovide uniaue information that 
for direct quantification of reproductive success. - can be used to discriminate toxic effects of exposure to 

contaminants. See Section 15.4.6 for additional details. 
15.1.2 The long-term sediment toxicity test with the 
midge. Chironomus tentans, is a life-cycle test in which 15.1.5 Results of tests using procedures different from 
the effects of sediment exposure on survival, growth, the procedures described in Section 15.2 may not be 
emergence, and reproduction are assessed (Benoit et al., comparable and these different procedures may alter 
1997). Procedures for conducting the long-term test contaminant bioavailability. Comparison of results ob- 
with C. tentans are described in Section 15.2. The test is tained using modified versions of these procedures might 
started with newly hatched larvae (<24-h old) and contin- provide useful information concerning new concepts and 
ues through emergence, reproduction, and hatching of the procedures for conducting sedimeni tests with aquatic 
F. 0enerat:on. Survival is determined at 20 d and at the organisms. If tests are conducted with orocedures differ- 
e i i o f  the test (about 50 to 65 d). Growth is determined at eni from the procedures described in ihis manual, addi- 
20 d, which corresponds to the 10-d endpoint in the 10-d tional tests are required to determine comparability of 
C. tentans growth test started with 10-d-old larvae (Sec- results (Section 1.3). 
tion 12). From Day 23 to the end of the test, emergence 
and reproduction are monitored daily. The number of 15.2 Procedure for Conducting a Life- 
eggs is determined for each egg case, which is incubated cycle Test for Measuring the Effects 
for 6 d to determine hatching success. Each treatment of of Sediment-associated the life-cycle test is ended separately when no additional 
emergence has been recorded for 7 consecutive days Contaminants on Chironomus 
(the 7-d criterion). When no emeraence is recorded from a fenfans 
ireatment, endiig of that treatment should be based on 
the control sediment using this 7-d criterion, Appendix C 15.2.1 Conditions for conducting a long-term sediment 
and Table 6.1 outline eauioment and suoolies needed to toxicity test with C. tentansare summarized in Table 15.1. 
conduct this test. ~he '~rocedures A general activity schedule is outlined in Table 15.2. dekribed in Table 
15.1 include measurement of a variety of lethal and Decisions concerning the various aspects of experimental 
sublethal endpoints; minor modifications of the basic design, such as the numberoftreatments, number of test 
methods can be used in cases where only a subset of chambersltreatment, and water-quality characteristics 
these endpoints is of interest. should be based on the purpose of the test and the 

methods of data analysis (Section 16). When variability 



Table 15.1 Test Condltlons for Conducting a Long-term Sediment Toxlclty Test wlth Chlmnomus tentans 

Parameter 	 Conditions 

1. Test type: 	 Whole-sediment toxicity test with renewal of overlying water 

2. Temperature: 	 23 i1'C 

3. Light quality: 	 Wide-spectrum fluorescent lights 

4. Illuminance: 	 About 100 to 1000 lux 

5. Photoperiod: 	 16L:ED 

6. Test chamber: 	 300-rnL high-form lipless beaker 

7. Sediment volume: 	 100 mL 

8. Overlying water volume: 	 175 mL 

9. 	 Renewal of overlying water: 2 volume additionsld (Appendix A): continuous or intermillent (e.g.. one volume 
addition every 12 h) 

10. Age of organisms: 	 < 24-h-old larvae 

11. Number of organismslchamber: 	 12 

12. Number of replicate chambersltreatment: 	 16 (12 at Day -1 and 4 for auxiliary males on Day 10) 

13. Feeding: 	 Tetrafin@ goldfish food, fed 1.5 mL daily to each test chamber starling Day -1 
(1.0 mL contains 4.0 mg of dry solids) 

14. Aeration: 	 None, unless dissolved oxygen in overlying water drops below 2.5 mglL 

15. Overlying water: 	 Culture water, well water, surface water, site water, or reconstituted water 

16. Test chamber cleaning: 	 If screens become clogged during a test, gently brush the outslde of the screen 
(Appendix A). 

17. Overlying water quality: 	 Hardness, alkalinity, conductivity, and ammonia at the beginning, on Day 20, and 
at the end of a lest. Temperature daily (ideally Continuously). Dissolved oxygen 
(DO) and pH three timeslweek. Conductivity weekly. Concentrations of DO should 
be measured more oflen if DO has declined by more than 1 mglL since previous 
measurement. 

18. Test duration: 	 About50 lo 65 d; eachtreatmentis ended separately when no additional emergence 
has been recorded for seven consecutive days. When no emergence is recorded. 
from a treatment. termination of that treatment should be based on the control 
sediment using this 7-d criterion 

19. Endpoints: 	 20-d survival and weight; female and male emergence, adult mortality, the number 
of egg cases oviposited, the number of eggs produced, and the number of hatched 
eggs. Potential sublethal endpoints are listed in Table 15.4. 

20. 	 Test acceptability: Average size of C. tentans in the control sediment at 20 d must be at least 0.6 mgl 
surviving organism as dry weight or 0.48 mglsurviving organism as AFDW. 
Emergence should be greater than or equal to 50%. Experience has shown that 
pupae survival is typically >83% and adult survival is >96%. Time to death afler 
emergence is 4 . 5  d for males and <5.1 d for females. The mean number of eggs1 
egg case should be greater than or equal to 800 and the percent hatch should be 
greater than or equal to 80%. See Sedions 15.1.3 and 17.6 for a summary of 
performance in round-robin testing. 

remains constant, the sensitivity of a test increases as in culture. For site-specific evaluations, the characteris- 
the number of replicates increases. tics of the overlying water should be as similar as pos- 

sible to the site where sediment is collected. Require-
15.2.2 The long-term sediment toxicity test with C. ten- ments for test acceptability are summarized in Table 
tans is conducted at 23°C with a 16L:8D photoperiod at an 15.3. 
illuminance of about 100 to 1000 lux (Table 15.1). Test 
chambers are 300-mL high-form lipless beakers contain- 15.2.3 The number of replicates and concentrations 
ing 100 mL of sediment and 175 mL of overlying water. tested depends in part on the significance level selected 
Each test chamber receives 2 volume additionsld of and the tvDe of statistical analvsis. For routine testina. a 
overlying water. Water renewals may be manual or auto- total of 16 replicates, each conthing 12, <24-h-old laGae 
mated. ADDendixA describes water-renewal svstems that are tested for each treatment. For the total of 16 reoli- 
can be u&d to deliver overlying water. OveGying water cates the assignment of beakers is as follows: initi;ily, 
should be a source of water that has been demonstrated 12 replicates are set up on Day -1 of which 4 replicates 
to support survival, growth, and reproduction of C. tentans are used for 20-d growth and survival endpoints and 8 

0.7 
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Table 15.2 General Actlvlty Schedule for Conductlng a Long-term Sediment Toxlclty Teat with Chlronomus tentans 

Day 	 Activlty 

Pre-Test 

-4 	 Start reproduction flask with cultured adults (13 maie:female ratio). For example for 15 to 25 egg cases. 10 males and 30 females 
are typically collected. Egg cases typically range from 600 to 1500 eggstcase. 

-3 	 Collect egg cases (a minimum of 8 to 8) and incubate at 23°C 

-2 	 Check egg cases for viability and development. 

-1 	 1. Check egg cases for hatch and development. 

2. Add 100 mL of homogenized test sediment to each replicate beaker and place in wrresponding treatment holding tank. After 
sediment has settled for at least 1 h, add 1.5 mL Tetrafin slurry (4glL solution) to each beaker. Overlying water renewal begins 
at this time. 

Sediment Test 

0 	 1. Transfer all egg cases to a crystallizing dish containing control water. Discard larvae that have already left the egg cases 
in the Incubation dishes. Add 1.5 mL food to each test beaker with sediment before the larvae are added. Add 12 larvae to each 
replicate beaker (beakers are chosen by random block assignment). Let beakers sit (outside the test system) for 1 h following 
addition of the larvae. After this period, gently immerse all beakers into their respective treatment holding tanks. 

2. Measure temperature, pH, hardness, alkalinity, dissolved oxygen, conductivity and ammonia at start of test 

I-End 	 On a daily basis, add 1.5 mL food to each beaker. Measure temperature daily. Measure the pH and dissolved oxygen three 
times a week during the test. Measure wnductivity weekly. If the DO has declined more than 1 mglL since previous reading. 
increase frequency of DO measurements and aerate if DO continues to be less than 2.5 mglL. Measure hardness, alkalinity. 
conductivity, ammonia, temperature, pH, and dissolved oxygen at the end of the test. 

6 	 For auxiiiarymaie production, start reproduction nask with culture adults (e.g., 10 males and 30 females; 1:3 male to female ratio). 

7-10 	 Follow set-up schedule for auxiliary male beakers (4 replicatesttreatment) described above for Day -3 to Day 0. 

19 	 In preparation for weight determinations, ash weigh pans at 550'C for 2 h. Note that the weigh pans should be ashed before use 
to eliminate weighing errors due to the pan oxidizing during ashing of samples. 

20 	 1. Randomly select four replicates from each treatment and sieve the sediment to recover larvae for growth and survival 
determinations. Pool all living iarvae per replicate and dry the sample to a constant weight (e.g.. 60°C for 24 h). 

2. Install emergence traps on each of the remaining reproductive replicate beakers. 

3. Measure temperature, pH, hardness, alkalinity, dissolved oxygen, wnductivity and ammonia 

21 	 The sample with dried larvae is brought to room temperature in a dessicator and weighed to the nearest 0.01 mg . The dried 
larvae in the pan are then ashed at 550°C for 2 h. The pan with the ashed larvae is then reweighed and the tissue mass of the 
larvae determined as the difference between the weight of the dried larvae plus pan and the weight of the ashed larvae plus pan. 

Chronic Measurements 

23-End 	 On a daily basis, record emergence of males and females, pupal, and adult mortality, and time to death for previously collected 
adults. Each day, transfer adults from each replicate to a corresponding reproductiontoviposition(NO) chamber. Transfer each 
primary egg case from the N O  chamber to a wrresponding petri dish to monitor incubation and hatch. Record each egg case 
oviposited, number of eggs produced (using either the ring or direct count methods), and number of hatched eggs. if it is difficult 
to estimate the number of eggs in an egg case, use a direct wunt todetermine the number of eggs; howeverthe hatchability data 
will not be obtained for this egg case. 

28 	 Place emergence traps on auxiliary male replicate beakers. 

33.End 	 Transfer ma es emerg ng from the a,xll.ary male rep1 cates to ~ndividual inverted petri dashes The aux llary males are used for 
matng w.th females from corresponding treatments from wnich most of the males had already emerged or in whlch no males 
emerged. 

40-End 	 After 7 d of no recorded emergence in a given treatment, end the treatment by sieving the sediment to recover larvae, pupae, 
or pupal exuviae. When no emergence occurs in a test treatment, that treatment can be ended once dmergence in the control 
sediment has ended using the 7-d criterion. 

replicates for determination of emergence and reproduc- 
tion. It is typical for males to begin emerging 4 to 7 d 
before females. Therefore, additional males, referred to 
as auxiliary males, need to be available during the prime 
female emergence period for each respective chamber1 
sediment. To provide these males, 4 additional replicates 

are stocked with 12, <24-h-old larvae 10 d following 
initiation of the test. Midges in each test chamber are fed 
1.5 mL of a 4-glL Tetrafine suspension daily. Endpoints 
monitored include 20-d survival and weight, emergence, 
time to death (adults), reproduction, and egg hatchability. 



Table 15.3 Test Acceptability Requirements for a Long-term Sedlment Toxicity Test with Chlronomus tentans 

A. It is recommended for conducting a long-ten lest with ~..tenlans that the following performance criteria be met: 

1. 	 Tests must be started with less than I-d- (<24-h) old larvae. Starting a test with substantially older organisms may compromise 
the emergence and reproductive endpoint. 

2. 	 Average survival of C. tenfans in the control sediment should be greater than or equal to 70% on Day 20 and greater than 65% at 
the end of the test. 

3. 	 Average size of C. fentans in the control sediment at 20 d must be at least 0.6 mglsurviving organism as dry weight or 0.48 mgl 
surviving organism as AFDW. Emergence should be greater than or equal to 50%. Experience has shown that pupae sulvival is 
typically >83% and adult survival is >96%. Time to death after emergence is 4 . 5  d for males and <5.1 d for females. The mean 
number of eggslegg case should be greater than or equal to 800 and the percent hatch should be greater than or equal to 60%. 
See Sections 15.1.3 and 17.6 for a summaty of performance In round-robin testing. 

4. 	 Hardness, alkalinity, and ammonia in the overlying water typically should not vary by more than 50% during the test, and dissolved 
oxygen should be maintained above 2.5 mglL in the overlying water. 

6. Performance-based criteria for culturing C. tentans include the following: 

1. 	 It may be desirable for laboratories to periodically perform 96-h water-only reference-toxicity tests to assess the sensitivity of 
culture organisms (Section 9.16.2). Data from these reference-toxicity tests could be used to assess genetic strain or life-stage 
sensitivity of test organisms to select chemicals. 

2. 	 Laboratories should keep a record of time to first emergence for each culture and record this information using control charts. 
Records shouid also be kept on the frequency of restarting cultures. 

3. 	 Laboratories shouid record the following water-quality characteristics of the cultures at least quarterly: pH, hardness, alkalinity, 
and ammonia. Dissolved oxygen in the cultures shouid be measured weekly. Temperature of the cultures shouid be recorded 
daily. If static cultures are used, it may be desirable to measure water quality more frequently. 

4. 	 Laboratories should characterize and monitor background contamination and nutrient quality of food if problems are observed in 
culturing or testing organisms. 

5. 	 Physiological measurements such as lipid content might provide useful information regarding the health of the cultures. 

C. Additional requirements: 

1. 	All organisms in a test must be from the same source. 

2. 	 Storage of sediments collected from the field should follow guidance outlined in Section 8.2. 

3. 	 Ail test chambers (and compartments) should be identical and should contain the same amount of sediment and overlying water. 

4. 	 Negative-control sediment and appropriate solvent controls must be included in a test. The concentration of solvent used must not 
adversely affect test organisms. 

5. 	 Test organisms must be cultured and tested at 23°C (*IoC). 

6. 	 The daily mean test temperature must be within t1'C of 23OC. The instantaneous temperature must always be within 43'C of 23%. 

7. 	 Natural physico-chemical characteristics of test sediment collected from the field should be within the tolerance limits of the test 
organisms. 

15.3 General Procedures 	 15.3.2 Hatching of Eggs 

15.3.1 Collection of Egg Cases 15.3.2.1 Hatching of eggs should be complete by about 
72 h. Hatched larvae remain with the egg case for about 

15.3.1.1 Egg cases are obtained from adult midges held 24 h and appear to use the gelatinous component of the 
in a sex ratio of 1:3 male:female. Ten males and egg case as an initial source of food (Sadler. 1935; Ball 
30 females will produce between 15 to 25 egg cases. and Baker, 1995). After the first 24-h period with larvae 
Adults should be collected four days before starting a test hatched, transfer the egg cases from the incubation petri 
(Appendix C, Figure C.3). The day after collection of dish to another dish with clean test water. Larvae having 
adults, 6 to 8 of the larger "C" shaped egg cases are already left the egg case in the incubation petri dish are 
transferred to a petri dish with culture water and incubated discarded since their precise age and time away from the 
at 23°C (Appendix C, Figure C.2). Hatching typically gelatinous food source is unknown. The action of trans- 
begins around 48 h and iarvae tybically lea& the egg ferring the egg case stimulates the remaining larvae to 
case 24 h afler the first hatch. The number of eggs in leave the egg case within a few hours. These are the 
each egg case will vary, but typically ranges from 600 to larvae that are used to start the test. 
1500 eggs. It should be noted that mating may have 
occurred in culture tanks before males and females are 
placed into flasks for collecting eggs. 



Table 15.4 Endpolnts for a Long-term Sediment Toxicity Test with Chironomus tentans 

Lethal 

SllodYal Erevrth 
Larvae (20 d) Larvae 

Larvae (End) 

Pupae 
Adults 

15.3.3 Sediment into Test  Chambers 

15.3.3.1 The day before the sediment test is started 
(Day -1) each sediment should be thoroughly homog- 
enized and added to the test chambers (Section 8.3.1). 
Sediment should be visually inspected to judge the extent 
of homogeneity. Excess water on the surface of the 
sediment can indicate separation of solid and liquid com- 
ponents. If a quantitative measure of homogeneity is 
required, replicate subsamples should be taken from the 
sediment batch and analyzed for TOC, chemical con- 
centrations, and particle size. 

15.3.3.2 Each test chamber should contain the same 
amount of sediment, determined either by volume or by 
weight. Overlying water is added to the chambers in a 
manner that minimizes suspension of sediment. This can 
be accomplished by gently pouring water along the sides 
of the chambers or by pouring wateronto a baffle (e.g., a 
circular piece of Teflon with a handle attached) placed 
above the sediment to dissipate the force of the water. 
Renewal of overlying water is started on Day -1. A test 
begins when the organisms are added to the test cham- 
bers (Dav 01 . . ,  
15.3.4 Renewal of Over ly ing Water 

15.3.4.1 Renewal of overlying water is required during a 
test. Two volume additions of overlying water (continuous 
or intermittent) should be delivered to each test chamber 
daily. At any particular time during the test, flow rates 
through any two test chambers should not differ by more 
than 10%. Hardness, alkalinity and ammonia concentra- 
tions in the water above the sediment, within a treatment. 
typically should not vary by more than 50% during the 
test. Mount and Brungs (1967) diluters have been modi- 
fied for sediment testing, and other automated water- 
delivery systems have also been used (Maki, 1977; 
lngersoll and Nelson, 1990; Benoit et al., 1993; Zumwalt 
et al., 1994; Brunson et al.. 1998; Wall et al., 1998; 
Leppanen and Maier, 1998). Each water-delivery system 
should be calibrated before a test is started to verify that 
the system is functioning properly. Renewal of overlying 
water is started on Day -1 before the addition of test 
organisms on Day 0.Appendix A describes water-renewal 
systems that can be used for conducting sediment tests. 

Sublethal 

Emeroence ReDIoductlon 
Totallpercent Sex Ratio 

Cumulative (Rate) Time to Ovlposition 
Tlme to First Mean EggslFemale 

Time to Death Egg Casesrrreatment 

Egg Hatchability 

15.3.4.2 In water-renewal tests with one to four volume 
additions of overlying waterld, water-quality characteris- 
tics generally remain similar to the inflowing water (Ingersoll 
and Nelson, 1990; Ankley et al., 1993); however, in static 
tests, water quality may change profoundly during the 
exposure (Shuba et al., 1978). For example, in static 
whole-sediment tests, the alkalinity, hardness, and 
conductivity of overlying water more than doubled in 
several treatments during a four-week exposure (Ingersoll 
and Nelson. 1990). Additionally, concentrations of meta- 
bolic products (e.g., ammonia) may also increase during 
static exDosures, and these C O ~ D O U ~ ~ Scan either be 
directly toxic to the test organisms or may contribute to 
the toxicity of the contaminants in the sediment. Further- 
more, changes in water-quality characteristics such as 
hardness may influence the toxicity of many inorganic 
(Gauss et at., 1985) and organic (Mayer and Ellersieck, 
1986) contaminants. Although contaminant concentra- 
tions are reduced in the overlying water in water-renewal 
tests, organisms in direct contact with sediment generally 
receive a substantial proportion of a contaminqnt dose 
directly from either the whole sediment or from the inter- 
stitial water. 

15.3.5 Accl imat ion 

15.3.5.1 Test organisms must be cultured and tested at 
23°C. Ideally, test organisms should be cultured in the 
same water that will be used in testing. However, acclima- 
tion of test organisms to the test water is not required. 

15.3.5.2 Culturing of organisms and toxicity assessment 
are typically conducted at 23°C. However, occasionally 
there is a need to perform evaluations at temperatures 
different than that recommended. Under these circum- 
stances, it may be necessary to acclimate organisms to 
the desired test temDerature to Drevent thermal shock 
when moving immediately from the culture temperature to 
the test temperature (ASTM, 1999a). Acclimation can be 
achieved bv ex~osing organisms to a gradual decline in . . 
temperature; howeve;, tKe rate of decline should be rela- 
tively slow to prevent thermal shock. A decline in tem- 
Derature of 1'C everv 1 to 2 h has been used successfully 
/n some studies ( ~ . ~ : ~ i b l e ~ .  University of Guelph, ~uelph.  
Ontario. oersonal communicat:on: APHA. 1989). Testing 
at tempiiatures other than 23'C needs tobe preceded b; 



studies to determine expected performance under alter- 
nate conditions. 

15.3.6 Placing Organisms in Test Chambers 

15.3.6.1 Test oraanisms should be handled as little as 
possible. To sta: the test, larvae are collected, with a 
Pasteur pipet from the bottom of the incubat~on dish with 
the aid of a dissecting microscope. Test organisms are 
pipetted directly into overlying water and Care should be 
exercised to release them under the surface Of the Water. 
Transferring the larvae to exposure chambers within 4 h of 
emerging from the egg case reportedly improves survival 
(Benoit et al., 1997). Laboratory personnel should prac- 
tice transferring first-instar midge larvae before tests with 
sediment are conducted. 

15.3.7 Feeding 

15.3.7.1 Each beaker receives a daily addition of 1.5 mL 
of Tetrafin@ (4 mglmL dry solids). Without addition of 
food, the test organisms may starve during exposures. 
However, the addition of the food may alter the availability 
of the contaminants in the sediment (Wiederholm et al., 
1987: Harltey et al.. 1994). Furthermore, if too much food 
is added to ihe test chamber, or if the mortality of test 
organisms is high, fungal or bacterial growth may develop 
on the sediment surface. Therefore, the amount of food 
added to the test chambers is kept to a minimum. 

15.3.7.1 Suspensions of food should be thoroughly mixed 
before aliquots are taken. If excess food collects on the 
sediment, a fungal or bacterial growth may develop on the 
sediment surface, in which case feeding should be sus- 
oended fof one or more davs. A drop in dissolved oxygen 
below 2.5 mglL during a test may indicate that the-f6od 
added is not being consumed. Feeding should be sus- 
pended for the amount of time necessary to increase the 
dissolved oxygen concentration (ASTM. 1999a). If feed- 
ing is suspended in one treatment, it should be sus- 
pended in all treatments. Detailed records of feeding rates 
and the appearance of the sediment surface should be 
made daily. 

15.3.8 Monitoring a Test 

15.3.8.1 All chambers should be checked daily and 
observations made to assess test organism behavior 
such as sediment avoidance. However, monitoring ef- 
fects on burrowing activity of test organisms may be 
difficult because the test organisms are oflen not visible 
during the exposure. The operation of the exposure sys- 
tem should be monitored daily. 

15.3.8.2 Measurement o f  Overlying Water-quality 
Characteristics 

15.3.8.2.1 Conductivity, hardness, alkalinity, and ammo- 
nia should be measured in all treatments at the beginning 
of the test, on Day 20. and at the end of the test. 
Dissolved oxygen (DO) and pH measurements should be 
taken at the beginning of a test and at least three times a 
week until the end of the test. Conductivity should be 

measured weekly. Overlying water should be sampled 
just before water renewal from about Ito 2 cm above the 
sediment surface using a pipet. It may be necessary to 
composite watersamplesfrom individual replicates. The 
pipet should be checked to make sure no organisms are 
removed durina samolina of overlvino water. Wateraualitv 
should be me&uredoniach ba<ch~fwaterprepa~edfdr 
the test. 

15.3.8.2.2 Routine chemistries on Day 0should be taken 
before oraanisms are olaced in the test beakers. Dis-
solved oxygen and p ~ ' c a n  be measured directly in the 
overlying water with a probe. However, for DO it is 
important to allow the probe time to equilibrate in the 
overlying water in an effort to accurately measure concen- 
trationsof DO. If a probe is used for measurements in 
overlvina water, it should be inspected between samples 
to makesure that organisms are not attached and should 
be rinsed between samples to minimize cross contamina- 
tion. 

15.3.8.2.3 Water-only exposures evaluating the tolerance 
of C. tentans larva to depressed DO have indicated that 
significant reductions in weight occurred after 10-d expo- 
sure to 1.1 mglL DO, but not at 1.5 mglL (V. Mattson, 
USEPA, Duluth, MN, personal communication). This 
finding concurs with the observations during method de- 
velopment at the USEPA laboratory in Duluth that excur- 
sions of DO as low as 1.5 mglL did not seem to have an 
effect on midge survival and development (P.K. Sibley, 
University of Guelph, Guelph, Ontario, personal commu- 
nication): Based on these findings, periodic depressions 
of DO below 2.5 mg/L (but not below 1.5 mglL) are not 
likely to adversely aifect test results, and thusshould not 
be a reason to discard test data. Nonetheless, tests 
should be managed toward a goal of DO >2.5 mglL to 
insure satisfactory performance. If the DO level of the 
water fails below 2.5 mglLfor any one treatment, aeration 
is encouraged and should be done in all replicates for the 
duration of the test (i.e.. about 1 bubblelsecond in the 
overlying water). Occasional brushing of screens on 
outside of beakers will help maintain the exchange of 
water during renewals. 

15.3.8.2.4 Temperature should be measured at least 
daily in at least one test chamber from each treatment. 
The temperature of the water bath or the exposure cham- 
ber should be continuously monitored. The daily mean 
test temperature must be with~n i l 0 C  of 23°C. The instan- 
taneoustemperature must always be within i3% of 23°C. 

15.3.8.3 Monitoring Survivaland Growth 

15.3.8.3.1 At 20 d, 4 of the initial 12 replicates are 
selected for use in growth and survival measurements. 
Using a #40 sieve (425-1.1m mesh) to remove larvae from 
sediment. collect the C. tentansand record data on record 
sheet ( ~ p ~ e n d i x  D). Any immobile organisms isolated 
from the sediment surface or from sieved material should 
be considered dead. Often C. tentans larvae tend to lose 
their coloration within 15 to 20 min of death and may 
become rigidly elongate. Surviving larvae are kept sepa- 
rated by replicate for weight measurements; if pupae are 



- - recovered 1 4 %  occurrence at recommended testing 
conditions),ihese organisms are included in survival data 
but not included in the growth data. A consistent amount 
of time should be taken to examine sieved material for 
recovery of test organisms (e.g., 5 minlreplicate). 

15.3.8.3.2 The 10-d method for C. tentans in the first 
edition of this manual (USEPA, 1994a), as well as most 
previous research, has used dry weight as a measure of 
arowth. However, Sibley et al. (1997b) found that the 
grain size of sediments influences the amount of sedi- 
ment that C. tentans larvae ingest and retain in their gut. 
As a result, in finer-grain sediments, a substantial poriion 
of the measured dry weight may be comprised of sedi- 
ment rather than tissue. While this may not represent a 
strong bias in tests with identical grain size distributions 
in all treatments, most field assessments are likely to 
have varying grain size among sites. This will likely 
create differences in dry weight among treatments that 
are not reflective of true somatic growth. For this reason, 
weight of midges should be measured as ash-free dry 
weight (AFDW) instead of dry weight. AFDW will more 
directly reflect actual differences in tissue weight by 
reducing the influence of sediment in the gut. If test 
organisms are to be used for an evaluation of bioaccumu- 
lation, it is not advisable to dry the sample before con- 
ducting the residue analysis. If conversion from wet weight 
to dw weiaht is necessaw, aliauots of organisms can be 
weiihed tGestablish wet io dry weight wiversion factors. 
A consistent procedure should be used to remove the 
excess water from the organisms before measuring wet 
weight. 

15.3.8.3.3 The AFDW of midges should be determined 
for the growth endpoint. All living larvae per replicate are 
combined and dried to a constant weight (e.g., 60°C for 
24 h). Note that the weigh boats should be ashed before 
use to eliminate weighing errors due to the pan oxidizing 
during ashing. The sample is brought to room tempera- 
ture in a desiccator and weighed to the nearest 0.01 mg to 
obtain mean weights per s~h iv ing organism per replicate. 
The dried larvae in the Dan are then ashed at 550°C for 
2 h. The pan with the ashed larvae is then reweighed and 
the tissue mass of the larvae is determined as the differ- 
ence between the weight of the dried larvae ~ l u s  Dan and . . 
the weight of the ashkd larvae plus pan. For rare in- 
stances in which preservation is required, an 8% sugar 
formalin solution can be used to preserve samples 
(USEPA, 1994a), but the effects of preservation on the 
weight and lengths of the midges have not been sufti- 
ciently studied. The sugar formalin solution is prepared 
by adding 120 g of sucrose to 80 mL of formalin which is 
then brought to a volume of 1 L using deionized water. 
This stock solution is mixed with an equal volume of 
deionized water when used to preserve organisms. 
NoToxB (Earth Safe Industries, Belle Mead, NJ) can be 
used as a substitute for formalin (Unger et al., 1993). 

15.3.8.4 MonitorinsEmemence 

15.3.8.4.1 Emergence traps are placed on the reproduc- 
!ive replicates On Day 20 (emergence traps for the auxil- 
lary beakers are added at the corresponding 20-d time 
interval for those re~licates; A~Dendix C, Fiaures C.l and 
C.4). At 23 OC, emergence iicontrol sedimknts typically 
begins on or about Day 23 and continues for about 
2 weeks. However, in contaminated sediments, the 
emergence period may beextended by several weeks. 

15.3.8.4.2 Two categories are recorded for emergence: 
complete emergence and partial emergence. Complete 
emeraence occurs when an organism has shed the DuDal 
exuv&e completely and escapes the surface tension of 
the water. If complete emergence has occurred but the 
adult has not escaped the surface tension of the water. 
the adult will die within 24 h. Therefore, 24 h should 
elapse before this death is recorded. Partial emergence 
occurs when an adult has only partially shed the pupal 
exuviae. These adults will also die, an event which can 
be recorded after 24 h. P u ~ a e  at the sediment surface or 
the air-water interface may emerge successfully during 
the 24-h period. However, cannibalism of sediment bound 
DuDae bv larvae mav also occur. Data are recorded on 
data sheets provided as shown in example data sheet 
(Appendix D). 

15.3.8.4.3 Between Day 23 and the end of the test, 
emergence of males and females, pupal and adult mortal- 
ity, and time to,death for adults is recorded,daily for the 
reproductive replicates. On Day 30 (20-d-old organisms), 
emeraence traos are Dlaced on the auxiliaw beakers to 
w l le2 the addiiional males for use with femaies emerging 
from the reproduction replicates (Table 15.2; Appendix C, 
Fiaures C.1 and C.4). Data are recorded on data sheets 
provided as shown in the example data sheet (Appendix 
D). 

15.3.8.5 Collecting Adults for Reproduction 

15.3.8.5.1 Adults are collected daily from individual traps 
using the aspirator and collector dish (Appendix C, 
Figure C.2). With the collector dish nearby, the emer- 
gence trap is quickly moved from the beaker onto the 
dish. With the syringe plunger fully drawn, the glass 
collector tube is inserted through the screened access 
hole of the collector dish and the adults gently aspirated 
into the syringe barrel. Aspirated adults can easily be 
seen through the translucent plastic of the syringe. The 
detachable portion of the aspirator unit is then replaced 
with a reproductionloviposit (RIO) chamber. This ex- 
change can be facilitated by placing the thumb of the 
hand holding the syringe over the barrel entry port until the 
WO chamber is in place. With the RIO chamber in place, 
and the plunger on a solid surface, the barrel of the 
syringe is pushed gently downward which forces the 
adults to move up into the WO unit. Adults remaining on 
the transfer apparatus may be prodded into the WO 
chamber by gently tapping the syringe. The transfer 
process is completed by quickly moving the WO chamber 
to a petri dish containing clean water. At all times during 
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the transfer process, it Is important to ensure that the 
adults are stationary to minimize the possibility of es- 
cape. 

15.3.8.5.2 At about Day 33 to the end of the test, the 
auxiliary males may be needed to support reproduction in 
females. Males that emerge from the auxiliary male 
replicates are transferred to individual inverted petri dishes 
(60 x 15 mm dishes without water and with air holes drilled 
in top of the dish; see Appendix C for a listing of equip- 
ment.) Each male may be used for mating with females 
from corresponding treatments for up to 5 d. Males may 
be used for breeding with more than one new emergent 
female. Males from a different replicate within the same 
sediment treatment may be paired with females of repli- 
cates where no males have emerged. Data can be re- 
corded on data sheets provided in Appendix D. 

15.3.8.6 Monitoring Reproduction 

15.3.8.6.1 Each RIO unit is checked daily for dead adults 
and egg cases. Dead organisms are removed. In situa- 
tions where many adults are contained within an R/O 
chamber, it may be necessary to assume that a dead 
adult is the oldest male or female in that replicate for the 
purpose of recording time to death. To remove dead 
adults and egg cases from the WO chamber, one side of 
the chamber is carefully lifled just enough to permit the 
insertion of a transfer pipet or tweezers. 

15.3.8.6.2 For each emerged female, at least one male, 
obtained from the corresponding reproductive replicate, 
from another replicate of that treatment, or from the 
auxiliary male beakers, is transferred into the WO unit 
using an aspirator. Females generally remain sexually 
receptive up to 3 d if they have not already mated. Benoit 
et al. (1997) have shown that over 90% of females will 
oviposit within 1 d of fertilization; however, a few will 
require as long as 72 h to oviposit. A female will lay a 
single primary egg case, usually in the early morning 
(Sadler, 1935). A second, generally smaller egg case 
may be laid; however these second egg cases are prone 
to fungus and the viability of embryos is typically poor. 
~hesesecondegg cases do not need to be counted, or 
recorded. and the numbers of eggs are not included in the 
egg counts because eggs in second egg cases typically 
have lower viability. 

15.3.8.7 	Counting Eggs, Egg Caseincubation, and 
Hatch Determination 

15.3.8.7.1 Primaryegg cases from the WO chamber are 
transferred to a separate and corresponding petri dish 
(60 x 15 mm with about 15 mL of water) to monitor 
incubation and hatch. The number of eggs should be 
estimated in each egg case by using a "ring method" as 
follows: (1) for each egg case, the mean number of eggs 
in five rings is determined; (2) these rings should be 
selected at about equal distances along the length of the 
egg case; (3) the number of eggslring multiplied by the 
number of number of rings in the egg case will provide an 
estimate of the total number of eggs. This can be done in 

about 5 min or less for each egg case. Accuracy of 
estimating versus a direct wunt method is very close, 
roughly 95% (Benoit et al., 1997). The ring method is best 
suited to the 'C"shaped egg cases. 

15.3.8.7.2 When the integrity of an egg case precludes 
estimation bv the ring method (egg case is convoluted or 
distorted), the eggs &ould be doizted directly. Each egg 
case is placed into a 5-cm glass culture tube containing 
about 2 mL of 2 Nsulfuric acid (H,SO.) and lefl overnight. 
The acid dissolves the gelatinoui m&x surroundingthe 
eaas but does not affect the structural integrity of the 
eggs themselves. Afler digestion, the eggs are wllected 
with a Pasteur pipet and spread across a microscope 
slide for countinn under a dissecting microscope. Count- 
ing can be simpI%ed by drawing a gsd on the underside of 
the slide. The direct count method reauires a minimum of 
10 min to complete and does not permit determination of 
hatching success. 

15.3.8.7.3 Following estimated egg counts, each egg 
case is transferred to a 60- x 15-mm plastic petri dish 
containing 15 mL overlying water and incubated at 23°C 
until hatching is complete. Although the time required to 
initiate hatching at this temperature is about 2 d, the 
period oftime required to bring about complete hatch may 
be as long as 6 d. Therefore, hatching success is 
determined afler 6 d of incubation. Hatching success is 
determined by subtracting the number of unhatched eggs 
remaining after the 6 d period from the number of eggs 
originally estimated for that egg case. Unhatched eggs 
either remain in the gelatinous egg case or are distributed 
on the bottom of the petri dish. 

15.3.8.7.4 Depending on the objectives of the study, 
reproductive output in C. tentans may be expressed as: 
(1) number of eggslfemale or (2) number of offspring1 
female. The former approach estimates reproductive 
output (fecundity) in terms of the number of eggs depos- 
ited by a female (secondary egg cases are not included) 
and does not take into account survival of hatched eggs. 
This auuroach has been shown to adequately discrimi- 
nate contaminant (Sibley et al., 1996) and nonwntaminant 
(Siblevet al.. 1997a) stressors. Since this auuroach does 
;lot re$uire monitoring egg masses for hatchability, the 
time and labor involved in conducting the life-cycle test is 
reduced. However, studies that reauire estimates of 
demographic parameters, or include population modeling, 
will need to determine the number of viable offsurina Der 
female (Sibley et al., 1997a). This will require determina- 
tion of larval hatch (see Section 15.3.8.7.3). Although 
larval hatch is listed as a potential endpoint by itself in 
this manual (Table 15.4), the sensitivity of this endpoint 
has not been fully assessed. 

15.3.9 Ending a Test 

15.3.9.1 The point at which the life-cycle test is ended 
depends upon the sediments being evaluated. In clean 
sediments, the test typically requires 40 to 50 d from 
initial setup to completion. However, test duration will 
increase in the presence of environmental stressors which 
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act to reduce growth and delay emergence (Sibley et al., 
1997a). Where a strong gradient of sediment contamina- 
tion exists. emeraence Datterns between treatments will 
likely become a&nchronous, in which case each treat- 
me6  needs to be ended separately. For this reason, 
emeraence is used as a auide to decide when to end a 
test. 

15.3.9.2 For treatments in which emergence has oc- 
curred, the treatment (not the entire test)is ended when 
no further emeraence is recorded over a oeriod of 7 d (the 
7-d criterion). i t  this time, all beakers of the treatment 
are sieved through a #40-mesh screen (425 pm) to re- 
cover remaining larvae, pupae, or pupal castes. When no 
emergence is recorded in a treatment at any time during 
the test, that treatment can be ended once emergence in 
the control sediment has ended using the 7-d criterion. 

15.4 Interpretationof Results 

15.4.1 Data Analysis 

15.4.1.1 Endpoints measured in the C. tentans test 
include survival, growth, emergence and reproduction. 
Section 16 describes general information regarding 
statistical analysis of these data, including both point 
estimates (i.e, LC50s) and hypothesis resting '(i.e., 

sures (Ankley et al.. 1994: Suedel and Rodgers. 1994: 
Sibley et al., 199713. 1998). Ankley et al. (1994a) found 
that arowth of C. tentans larvae was weaklv correlated 
with ;ediment grain size composition, but not organic 
carbon, in 10-d tests using 50 natural sediments from the 
Great Lakes. However. Siblev et al. (1997b) found that 
the correlation between grain she and larval giowth disap- 
peared after accounting for inorganic material contained 
within larval guts and concluded that growth of C. tentans 
was not related to grain size composiiion in either natural 
sediments or sand substrates. Avoidina confoundina 
influences of gut contents on weight is t6e impetus f& 
recommending ash-free dry weight (instead of dry weight) 
as the index of growth in the 10-day and long-term 
C. tentans tests. Failing to do so could lead to erroneous 
conclusions regarding the toxicity of the test sediment 
(Sibley et al., 1997b). Procedures for correcting for aut 
contents are described in Section 15.3.8.3. ~ m e r ~ e n c e ,  
reproduction (mean eggslfemale), and hatch success 
were also not affected by the particle size composition of 
substrates in long-term tests with C. tentans (Sibley et 
al., 1998). 

15.4.3.2 OrganicMatter 

15.4.3.2.1 Based on 10-d tests, the content of organic 
matter in sediments does not appear to affect survival of 

ANOVAI. The foliowino sections describe soecies-s~ecific C. lentans larvae in natural and formulated sediments, b ~ t  
informa6on that is usek~l in helping to interpret the iesults 
of long-term sediment toxicity tests with C. tentans. 

15.4.2 Age Sensit ivi ty 

15.4.2.1 Midges are perceived to be relatively insensitive 
organisms in toxicity assessments (Ingersoll, 1995). This 
conclusion is based on the practice of measuring survival 
of fourth-instar larvae in short-term water-only exposures. 
a procedure that may underestimate the sensitivity of 
midges to toxicants. The first and second instars of 
chironomids are more sensitive to contaminants than the 
third or fourth instars. For example, first-instar C.tentans 
larvae were 6 to27 times more sensitive than fourth-instar 
larvae to acute copper exposure (Nebeker et al., 1984b; 
Gauss et al., 1985; Figure 12.1) and first-instar C. riparius 
larvae were 127 times more sensitive than second-instar 
larvae to acute cadmium exposure (Williams et al., 1986b; 
Figure 12.1). In long-termtests with first-instar larvae, 
midges were often as sensitive as daphnids to inorganic 
and organic compounds (Ingersoll et al., 1990). Sediment 
tests should be started with uniform age and size midges 
because of the dramatic differences in sensitivity of 
midges by age. 

15.4.3 Physical Characteristics of Sediment 

15.4.3.1 Grain Size 

15.4.3.1 .ILarvae of C. tentans appear to be tolerant of a 
wide range of particle size conditions in substrates. Sev- 
eral studies have shown that survival is not affected by 
particle size in natural sediments, sand substrates, or 
formulated sediments in both 10-d and long-term expo- 

may be important with respect to larval growth. Ankley et 
al. (1994a) found no relationship between sediment or- 
ganic content and survival or growth in 10-d bioassays 
with C. tentans in natural sediments. Suedel and Rodgers 
(1994) observed reduced survival in 10-d tests with a 
formulated sediment when organic matter was ~0.91%; 
however, supplemental food was not supplied in this 
study, which may influence these results relative to the 
10-d test procedures described in this manual. Lacey et 
al. (1999) found that survival of C. tentans larvae was 
generally not affected in 10-d tests by either the quality or 
quantityof synthetic (alpha-cellulosej or naturally derGed 
(peat, maple leaves) organic material spiked into a formu- 
iatedsediment, alfho&h a slight reduction in survival 
below the acceptability criterion (70%) was observed in a 
natural sediment diluted with formulated sediment at an 
organic matter content of 6%. In terms of larval growth, 
Lacev et al. (19991 did not observe anv svstematic rela- 
tionship between ihe level of organic nqaterial (e.g., food 
quantity) and larval growth for each carbon source. Al- 
though a significant reduction in growth was observed at 
the highest concentration (10%) of the leaf treatment in 
the food quantity study, significantly higher larval growth 
was observed in this treatment when the different carbon 
sources were compared at about equal concentrations 
(effect of food quality). In the latter study, the following 
gradient of larval growth was established in relation to the 
source of organic carbon: peat < natural sediment 
c alpha-cellulose < leaves. Since all of the treatments 
received a supplemental source of food, these data sug- 
gest that both the quality and quantity of organic carbon in 
natural and formulated sediments may represent an im- 
portant confounding factor for the growth endpoint in tests 
with C. tentans (Lacey et al., 1999). However, it is 



important to note that these data are based on 1 0 4  tests; 
the applicability of these data to long-term testing has not 
been evaluated. 

15.4.4 Isolating Organisms at  the End  of a Test 

15.4.4.1 Quantitative recovery of larvae at the end of a 
sediment test should not be a problem. The larvae are red 
and typically greater than 5 mm long and are readily 
retained on the i40-mesh sieve. 

15.4.5 Influence of Indigenous Organisms 

15.4.5.1 The influence of indigenous organisms on the 
response of C. tentans in sediment tests has not been 
reported. Survival of a closely related species, C,riparius 
was not reduced in the presence of oligochaetes in sedi- 
ment samples (~e~noldson et al.. 1994). However, growth 
of C. r i~ariuswas reduced when hiah numbers of oli- 
aochaeies were placed in a sampk. Therefore, it is 
inportant to determine the number and biomass of indig- 
enous organisms in field-collected sediment in order to 
better inGrpret growth data (Reynoldson et al., 1994; 
DeFoe and Ankley, 1996). Furthermore, the presence of 
predators may also influence the response of test organ- 
isms in sediment (Ingersoll and Nelson, 1990). 

15.4.6 Relationship Between Endpoints 

15.4.6.1 Relationship Between Growth and 
Emergence Endpoints 

15.4.6.1 .IAn impoltant stage in the life cycle of C. tentans 
is the emergence of adults from pupal forms. Emergence 
has been used in many studies as an indicator of con- 
taminant stress (Wentsel et al., 1978; Pascoe et al., 
1989; Sibley et al., 1996). The use of emergence as an 
endpoint in this context is based upon the understanding 
that larval growth and emergence are intimately related 
such that environmental factors that affect larval develop- 
ment may also affect emergence success. Implicit in the 
relationship between growth and emergence is the notion 
of a weight threshold that needs to be attained by larvae in 
order for emergence to take place (Hilsenhoff,l966; Liber 
et al., 1996; Sibley et al., 1997a). For example, based on 
evaluations conducted in clean control sediment, Liber et 
al. (1996) and Sibley et al. (1997a) showed that a mini- 
mum tissue mass threshold of approximately 0.6 mg dry 
weight or 0.48 mg ash-free dry weight was required before 
Pupation and emergence could take Place (Figure 15.1). 
Further, Sibley et al. (1997a) found that maximum emer- 
gence (e.g., '60%) in this sediment occurred only after 
larvae had attained a tissue mass of about 0.8 mg dry 
weight. Thisvalue corresponds closely tothat suggested 
by Ankley et al. (1994a) as an acceptability criterion for 
growth in control sediments in 10-d tests with C. tentans. 

15.4.6.2 	 Relationship Between Growth and . 
Reproduction Endpoints 

15.4.6.2.1 Natural or anthropogenic stressors that affect 
growth of invertebrates may also affect reproduction, 
because of a minimum threshold body mass needed for 
reproduction (Rees and Crawley, 1989; Ernsting et al., 
1993; Moore and Dillon, 1993; Sibley et al., 1996,1997a). 
Sibley et al. (1996,1997a) reported a significant relation- 
ship between growth (dry weight) of larval C. tentans and 
reproductive output (mean number of eggs) of adults in 
relation to both food and contaminant (zinc) stressors 
(Figure 15.2). The form that this relationship may take 
depends upon the range of stress to which the larvae are 
exposed and may be linear or sigmoidal. The latter 
relationship is typically characterized by an upper maxi- 
mum determined by competitive factors (i.e., food and 
space availability) and a lower m~nimum determined pri- 
marilv bv emergence thresholds (See Sect~on 15.4.6.1: 
~ib l&eial . ,  1957a). 

15.4.6.2.2 Embrvo viabilitv bercent hatch of eggs) has 
been shown toeevaluate. the toxicity for wa'ierborne 
chemicals (Williams et a1.,1966b; Pascoe et a1.,1989). 
However, percent hatch has not been used extensively as 
an endpoint to assess toxicity in contaminated sedi- 
ments. Sibley et al. (1996) found that the viability of 
embryos was not affected at any of the zinc treatments 
for which egg masses were produced; >87% of ail eggs 
eventually hatched. Additional information regarding the 
measurement of embryo viability in round-robin testing is 
presented in Section 17.6. 

15.4.6.2.3 In contrast to H.azteca (Section 14.4), length 
is not commonly utilized as a growth endpoint in C. tentans. 
However, length may represent a useful alternative to 
weight. For example, recent studies (P.K. Sibley, Univer- 
sity of Guelph, Guelph. Ontario, unpublished data) found 
a significant relationship (P=0.99; p <0.001) between ash- 
free dry weight and length in larvae of C. tentans reared in 
clean control sediment (Figure 15.3). This suggests that 
either weight or length could be used to assess growth 
in C. tentans. However, the relationship between length 
and emergence or reproductive endpoints has not been 
evaluated. 

15.4.6.3 Relationship Between Growth and 
Population Endpoints 

15.4.6.3.1 Few studies have attempted to quantitatively 
define the relationship between larval growth and popula- 
tion-level processes. However, an accurate understand- 
ing of the ecological relevance of growth as an endpoint in 
sediment toxicity tests can only be achieved in terms of 
its effect, if any, on population-level processes. Sibley et 

(1 9 ~ 7 ~ )  found a significant relationship between larval 
growth and the intrinsic rate of population increase in 
C. tentans in relation to a food stressor (Figure 15.4). 
When applied in a theoretical population model, it was 
further demonstrated that changes in larval growth result- 
ing from the stressor gradient were significantly correlated 
to the predicted number of offspring recruited to subse- 
quent generations. 
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15.4.6.4 Relative Endpoint Varlabllity 

15.4.6.4.1 Based on coefficient of variation (CV) deter-
mined from a control sediment (West Bearskin), the fol- 
lowing variability has been documented for the various 
endpoints in the C. tentans life-cycle test (Sibley et al., 
1996; Benoit et al., 1997): Survival (<20%), growth as dry 
weight (c15%), emergence (<30%), reproduction as mean 
eaaslfemale (~20%). aercent hatch (<lo%). Additional 
in'iormation regarding ihe variation intheseendpoints in 
round-robin testing is presented in Section 17.6. 

15.4.6.5 Relative Endpoint Sensitivity 

15.4.6.5.1 Measurement of sublethal endpoints (e.g., 
growth) can often provide unique information in addition to 
measuring survival. A comparison of lethal and sublethal 
endpoints relative to toxicity identification is presented in 
Table 14.4 for H, azteca. However. few studies have 
compared the relative sensitivity of the various endpoints 
in the C, tentans life cycle or in 10-d tests. Sibley et al. 
(1997a) found that larval C. tentans exposed to a gradient 
of food stress did not experience significant effects on 
survival, yet did experience a significant reduction in 
growth and reproduction. Further, the proportion of larvae 
hatching in this study was high (280%) and not 
systematically related to treatment, suggesting that per- 
cent hatch may be a relatively insensitive endpoint to 
sediment-associated contaminants. This is consistent 
with the findings of another study using zinc-spiked sedi- 
ments; no effect on embryo viability was observed for 
those treatments in which egg masses were produced 

(Sibley et al. 1996). Although the responses observed in 
the feeding study were not due to a contaminant stressor 
per se, the sublethal endpoints were clearly better able to 
discriminate the presence of the stressor than was lethal- 
ity. Ankley and DeFoe (1998) studied a variety of con- 
taminated sediments and found that the sensitivity of 
C. tentans 10-d tests is greatly increased by measure- 
ment of growth in addition to survival. Growth of midge in 
these 10-d sediment tests was found to be a more sensi- 
tive endpoint than survival of Hyalella azteca. 

15.4.7 Future Research 

15.4.7.1 Additional studies using known concentration 
gradients in sediment, should be conducted to better 
differentiate the relative sensitivity between lethal and 
sublethal endpoints and between sublethal endpoints in 
the long-term C. tentans test. Additional studies also are 
needed to further evaluate the influence of ammonia on 
long-term exposures with C. tentans. Section 1.3.8.5 
addresses interpretative guidance for evaluating toxicity 
associated with ammonia in sediment. Planned water- 
only toxicity tests with select chemicals (i.e., cadmium, 
DDD, and fluoranthene) should generate data that can be 
used to better determine the relative sensitivity of sur- 
vival, reproduction, and growth endpoints in tests with C. 
tentans. In addition to studies evaluating the relative 
sensitivity of endpoints, research is also needed to evalu- 
ate the ability of these laboratory endpoints to estimate 
responses of benthic organisms exposed in the field to 
chemicals in sediments. 
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Section 16 

Data Recording, Data Analysis and Calculations, and Reporting 


16.1 Data Recording 

16.1.1 Quality assurance project plans with data quality 
objectives and operating procedures should be 
developed before starting a test, procedures be 
developed by each laboratory to verify and archive data 
(USEPA, 1994e). 

16.1.2 ~ f i l ~should be maintained for each sediment test 
or group of tests on closely related samples (Section 9). 
This f ~ l e  should contain a record of the sample 
c.ain-of-custody; a copy of the sample log sheet; the 
original bench sheets for the test organism responses 
during the sediment test(s); chemical analysis data on the 
sample(s); control data sheets for reference toxicants; 
detailed records of the test organisms used in the test(s), 
such as species, source, age, date of receipt, and other 
pertinent information relating to their history and health; 
information on the calibration of equipment and instru- 
ments; test conditions used; and results of reference- 
toxicity tests. Original data sheets should be signed and 
dated by the laboratory Personnel performing the tests. A 
record of the electronic files of data should also be 
included in the tile. 

16.1.3 Example data sheets are included in ~ppendix D. 

16.2 Data Analysis 

16.2.1 Statistical methods are used to make inferences 
about populations, based on samples from those popula- 
tions. In most sediment toxicity and bioaccumulation 
tests, test organisms are exposed to chemicals in sedi- 
ment to estimate the response of the population of labora- 
tory organisms. The organism response to these sedi- 
ments is usually compared with the response to a control 
or reference sediment, or in some analyses of bioaccu- 
mulation test data, with a fixed standard such as a Food 
and Drug Administration (FDA) action level. In any toxic- 
ity or bioaccumulation test, summary statistics such as 
means and standard errors for response variables (e.g., 
survival, chemical concentrations in tissue) should be 
provided for each treatment (e.g., pore-water wncentra- 
tion, sediment). 

16.2.1.1 Types ofData. 

16.2.1.1.1 Two types of data can be obtained from 
sediment toxicity or bioaccumulation tests. The most 
common endpoint in toxicity testing is mortality, which is 
a dichotomous or mtegoliml type of data. Other endpoints 
measured in sublethal evaluations include growth and 
re~rodu~t ion(Sections 14 and 15) or tissue concentra- 
tions (e.g., in sediment bioaccumuiation tests conducted 
with oligochaetes (Section 13) or with polychaetes and 
mollusks; USEPA, 1994b). Growth, reproduction, and 
bioaccumulation endpoints are representative of continu- 
OUS data. 

f6.2.f.2 Sediment Testing Scenarios 

16,2,1,2,1 Sediment tests are conducted to determine 
whether in sediment are harmful to or are 
bioaccumulated in benthic organisms, Sediment tests are 
wmmonly usedinstudiesdesigned to(l,evaluatedredged 

(2) assess site in the environ-
ment (e,g., to rank areas for cleanup), and (3) determine 

of specific or of con-
taminants, through the use of sediment-spiking tech-
niques. Each of these broad study designs has specific 
statistical design and analytical considerations, which are 
detailed below. 

16.2.1.2.2 Dredged Material Evaluation. In these 
studies, each site is compared individually with a refer- 
ence sediment, The statistical procedures appropriate for 
these studies are generallypairwise A ~ ~ -comparisons, ~ 
tional information on toxicity testing of dredged material 
and analysisof data from dredged material evaluationsis 
available in USEPA-USACE(1998a), 

16.2.1.2.3 siteA~~~~~~~~~of ~i~~~ ~~ 
surveysof sediment toxicity or bioaccumulation offenare 
included in more analyses of biological, 
chemical, geological,and hydrographic data, statistical 
correlation can be improved and costs may be reduced if 
subsamples are taken simultaneously for sedimenttoxic-
ity or bioaccumulation tests, chemical analyses, and 
benthic communitystructure determinations, There are 
several statistical approaches to field assessments, each 
with a specific purpose. If the objective is to compare the 
response or residue level at all sites individually to a 
control sediment, then the pairwise Comparison approach 
described below is appropriate. If the objective is to 



compare among all sites in the study area, then a multiple 
comparison Drocedure that employs an experiment-wise 
erro; rate is'appropriate. If the objective is to compare 
amono arouos of sites. then orthoaonal contrasts are a -
usefuidita analysis technique. 

16.2.1.2.4 Sediment-spiking Experiments. Sediments 
spiked with known concentrations of chemicals can be 
used to establish cause-and-effect relationships between 
chemicals and biological responses, ~ ~of toxicity~ 
tests with test materials spiked into at different 
concentrations mav be re,,orted interms of an LC50. 
EC50. IC50. N O E C : ~ ~LOEC. Results of bioaccumulation 
tests with either field or spiked samples may be reported 
in terms of a BSAF (biota sediment accumulation factor: 
ASTM, 1999~). he statistical approach outlined above 
for spiked-sediment toxicity tests also applies to the 
analysis of data from sediment dilution experiments or 
water-only reference-toxicity tests. 

16.2.2 Experimental Design 

16.2.2.1 The guidance outlined below on the analysisof 
sediment toxicity and bioaccumulation test data is adapted 
from a variety of sources including ASTM (lgggc), USEPA 
( IggIa) ,  USEPA (1gg4~) ,USEPA (1994b), and 
USEPA-USACE (1998~). ~h~ of a sediment 
toxicity or bioaccumulatibn test are to quantify contami- 
nant effects on or accumulation in test organisms ex- 
posed to natural or spiked sediments or dredged materials 
and to determine whether these effects are statistically 
different from those occurring in a control or reference 
sediment. Each experiment consists of at least two treat- 
ments: the control and one or more test treatment(s). The 
test treatment(s) consist(s) of the contaminated or poten- 
tially contaminated sediment(s). A controi sediment is 
always required to ensure that no contamination is intro- 
duced during the experiment setup and that test organ- 
isms are healthy. A control sediment is used to judge the 
acceptability of the test (Tables 11.3, 12.3, 13.4, 14.3, 
15.3). Some designs also require a reference sediment 
that represents an environmental condition or potential 
treatment effect of interest. Controls are used to evaluate 
the acceptability of the test and might include a control 
sediment, a sand substrate (for C. tentans; Section 12.2. 
15.2), or water-only exposures (for H. azteca; Section 
14.3.7.8). Testing a reference sediment provides a 
site-specific basis for evaluating toxicity of the test sedi- 
ments. Comparisons of test sediments to multiple refer- 
ence or control sediments representative of the physical 
characteristics of the test sediment (i.e., grain size, or- 
ganic carbon) may be useful in these evaluations 
(Section 2.1.2). 

16.2.2.2 ExperimentalUnit 

16.2.2.2.1 During toxicity testing, each test chamber to 
which a single application of treatment is applied is an 
experimental unit. During bioaccumuiation testing, how- 
ever, the test organism may be the experimental unit if 
individual members of the test species are evaluated and 
they are large enough to provide sufficient biomass for 

chemical analysis. The important concept is that the 
treatment (sediment) is applied to each experimental unit 
as a discrete unit. Experimental units should be indepen- 
dent and should not differ svstematicallv. 

...-. -. ...-

16.2.2.3.1 Replication is the assignment of a treatment to 
more than one experimental unit. The variation among 

~ l t ~replicates is a measure of the within-treatment variation 
and provides an estimate of within-treatment error for 
assessing the significance of observed differences be- 
IWeentreatments 

16.2.2.4 MinimumDetectableDifference(MDD) 

16,2,2,4.1 As the difference between treat-
ments which the test is required or designed to detect 
decreases, the number of replicates required to meet a 
aiven sianificance level and Dower increases. Because no 
consensus currently exists on what constitutes a biologi- 
cally acceptable MDD, the appropriate statistical mini- 
mum Significant difference should be a data quality objec- 
tive (DQO) established by the individual user (e.g., pro- 
gram considerations) based on their data requirements, 
the logistics and economics of test design, and the 
ultimate use of the sediment toxicity or bioaccumulation 
lest 

16.2.2.5 Minimum Number Rep1icates 

16.2.2.5.1 Eight replicates are recommended for 10-d 
freshwater sediment toxicity testing (Section 11 and 12) 
and five replicates are recommended for 10-d marine 
testing (USEPA, 199413). However, four replicates per 
treatment are the absolute minimum number of replicates 
for a 10-d sediment toxicity test. A minimum of five 
replicates per treatment is recommended for bioaccumu- 
lation testing (Section 13). It is always prudent to include 
as many replicates in the test design as are economically 
and logistically possible. USEPA 10-d sediment toxicity 
testing methods recommend the use of 10 organisms per 
replicate for freshwater testing or 20 organisms per repli- 
cate for 10-d marine testing. An increase in the number of 
organisms per replicate in all treatments is allowable only 
if (1) test performance criteria for the recommended num- 
ber of replicates are achieved and (2) it can be demon- 
strated that no change occurs in contaminant availability 
due to the increased organism loading. See Tables 14.1 
and 15.1 for a description of the number of replicates and 
test organismslreplicate recommended for long-term test- 
ing of Hyalella azteca or Chironomus tentans. 

16.2.2.6 Randomization 

16.2.2.6.1 Randomization is the unbiased assignment of 
treatments within a test system and to the exposure 
chambers ensuringthat no treatment isfavored and that 
observations are independent, lt is also important to 
(1) randomly selectthe organisms(but notthe number of 
organisms) for assignmentthe controlto and test 
treatments (e,g,, a bias inthe resultsmay occur if all of 
the largest animals are placed in the same treatment), 



(2) randomize the allocation of sediment (e.g., do not take 
all the sediment in the top of a jar for the control and the 
bottom for spiking), and (3) randomize the location of 
exposure units. 

16.2.2.7 Pseudoreplication 

16.2.2.7.1 The appropriate assignment of treatments to 
the replicate exposure chambori is critical to the avoid- 
ance of a common error in design and analysis termed 

16.2.2.9 Compositing Samples 

16.2.2.9.1 Decisions regarding compositing of samples 
depend on the objective of the test. Compositing is used 
primarily in bioaccumulation experiments when the biom- 
ass of an individual organism is insufficient for chemical 
analvsis. Com~ositina consists of combinino samples 
(e.g.; organisms, sedihent) and chemically anilyring the 
mixturerather than the individual samples. The chemical 
analysis of the mixture provides an estimate of the aver- 

"pseudoreplication"(Hurlbett,198;1). ~seudoreplicationoc- age concentration of the individual samples making up 
curs when inferential statistics are used to test for treat- the composite. Compositing also may be used when the 
ment effects even though the treatments are not repli- cost of analysis is high. Each organism or sediment 
cated or the replicates are not statistically independent sample added to the composite should be of equal size 
IHurlbert. 1984). The sim~lest form of ~seudore~lication (i.e.. wet weight) and the composite should be com~letelv 
;s the treatmeni of subsamples of the'e~~erimental unit 
as true replicates. For example, two aquaria are prepared, 
one with control sediment and the other with test sedi- 
ment, and 10 organisms are placed in each aquarium. 
Even if each organism is analyzed individually, the 10 
organisms only replicate the biological response and do 
not replicate the treatment (i.e., sediment type). In this 
case, the experimental unit is the 10 organisms and each 
organism is a subsample. A less obvious form of pseudo- 
replication is the potential systematic error due to the 
physical segregation of exposure chambers by treatment. 
For example, if all the control exposure chambers are 
placed in one area of a room and all the test exposure 
chambers are in another, spatial effects (e.g., different 
lighting, temperature) could bias the results for one set of 
treatments. Random ~hvsical intermixing of the exposure 
chambers or random/zGion of treatme$location may be 
necessary to avoid this type of pseudoreplication. Pseu- 
doreplication can be avoided or reduced by properly iden- 
tifying the experimental unit, providing replicate experi- 
mental units for each treatment, and applying the treat- 
ments to each experimental unit in a manner that includes 
random physical intermixing (interspersion) and indepen- 
dence. However, avoiding ~Se~d~reD l iCa t i~n  completelv 
may be difficult or impos$bie given resource constrainti. 

16.2.2.8 Optimum Design of Experiments 

16.2.2.8.1 An optimum design is one which obtains the 
most precise answer for the least effort. It maximizes or 
minimizes one of many optimality criteria, which are 
formal, mathematical expressions of certain properties of 
the model that are fit to the data. Optimum design of 
experiments using specific approaches described in 
Atkinson and Donev (1992) has not been formally applied 
to sediment testing; however, it might be desirable to use 
the approaches in experiments. The choice of optimality 
criteriondependson theobjectiveofthetest, and compos- 
ite criteria can be used when a test hasmorethan onegoal. 
A design is optimum only for a specific model, so it is 
necessary to know beforehand which models might be 
used (Atkinson and Donev, 1992). 

homogenizes before taking asample for chemicalanaly- 
sis. If compositing is performed in this manner, the value 
obtained from the analysis of the composite is the same 
as the average obtained from analyzing each individual 
sample (within any sampling and analytical errors). Iftrue 
replicate composites (not subsample composites) are 
made, the variance of the replicates will be less than the 
variance of the individual samples, providing a more 
precise estimate of the mean value. This increases the 
power of a test between means of composites over a test 
between means of individuals or samples for a given 
number of samples analyzed. If compositing reduces the 
actual number of replicates, however, the power of the 
test will also be reduced. If composites are made of 
individuals or samples varying in size, the value of the 
composite and the mean of the individual organisms or 
sediment samples are no longer equivalent. ~ 6 e  variance 
of the replicate composites will increase, decreasing the 
power of any test between means. In extreme cases, the 
variance of the composites can exceed the population 
variance (Tetra Tech, 1986). Therefore, it is important to 
keep the individuals or sediment samples comprising the 
composite equivalent in size. If sample sizes vary, con- 
sult the tables in Schaeffer and Janardan (1978) to deter- 
mine ifreplicate composite variances will'be higher than 
individual sample variances, which would make compos- 
iting inappropriate. 

16.2.3 Hypothesis Testing and  Power 

16.2.3.1 The purpose of a toxicity or bioaccumuiation 
test is to determine if the biological response to a treat- 
ment sample differs from the response to a control sample. 
Figure 16.1 presents the possible outcomes and deci- 
sions that can be reached in a statistical test of such a 
hypothesis. The null hypothesis is that no difference 
exists among the mean control and treatment responses. 
The alternative hypothesis of greatest interest in sedi- 
ment tests is that the treatments are toxic, or contain 
concentrations of bioaccumulatable compounds, relative 
to the control or reference sediment. 

16.2.3.2 Statistical tests of hypotheses can be designed 
to control for the chances of making incorrect decisions. 
In Figure 16.1, alpha (a)represents the probability of 
making a Type Istatistical error. A Type Istatistical error 
in this testing situation results from the false conclusion 



Decision TR =Control TR s Control 
I I I 

TR =Control Correct Type ii 
Error 

BI I I 
TR > Control Type I Correct 


Error 1 - B  

(Power)
r I 

Treatment response (TR). Alpha (a) representsthe probabilityof 
making a Type I statistical error (false positive): beta (P)
represents the probability of making a Type II statistical error 
(false negative). 

Figure 16.1 Treatment response for a Type Iand Type IIerror. 

that the treated sample is toxic or contains chemical 
residues not found in the control or reference sample. 
Beta (p) represents the probability of making a Type II 
statistical error, or the likelihood that one erroneously 
concludes there are no differences among the mean 
responses in the treatment, control or reference samples. 
Traditionally, acceptable values for a have ranged from 
0.1 to 0.01 with 0.05 or 5% used most commonly. This 
choice should depend upon the consequences of making 
a Type Ierror. Historically, having chosen a, environmen-
tal researchers have ignored D and the associated Dower -
of the test (I-p). 

16.2.3.3 Fairweather (1991) presents a review of the need 
for, and the practical implications of, conducting power 
analyses in environmental monitoring studies. This re- 
view also includes a comprehensive bibliography of re- 
cent publications on the need for, and use of, power 
analyses in environmental study design and data analy- 
sis. The consequences of a Type II statistical error in 
environmental studies should never be ignored and may, 
in fact, be one of the most important criteria to consider in 
experimental designs and data analyses that include 
statistical hypothesis testing. To paraphrase Fairweather 
(1991), "The commitment of time, energy and people to a 
false positive (a Type Ierror) will only continue until the 
mistake is discovered. In contrast, the cost of a false 
negative (aType IIerror) will have both short- and long-term 
costs (e.g., ensuing environmental degradation and the 
eventual cost of its rectification)." 

16.2.3.4 The critical components of the experimental 
design associated with the testing of hypotheses outlined 
above are ( I )  the required MDD between the treatment 
and control or reference responses, (2) the variance among 
treatment and control replicate experimental units, (3) the 
number of replicate units for the treatment and control 
samples. (4) the number of animals exposed within a 
replicate exposure chamber, and (5) the selected prob- 
abilities of Type I(a) and Type II (P) errors. 

16.2.3.5 Sample size or number of replicates may be 
fixed due to cost or space considerations or may be 
varied to achieve a priori probabilities of a and a. The 

MOD should be established ahead of time based upon 
biological and program considerations. The investigator 
has little control of the variance among replicate expo- 
sure chambers. However, this variance component can 
be minimized by selecting test organisms that are as 
biologically similar as possible and maintaining test con- 
ditions within prescribed quality control (QC) limits. 

16.2.3.6 The MDD is expressed as a percentage change 
from the mean control response. To test the equality of 
the control and treatment responses, a two-sample t test 
with its associaled assum~tions is the a~~ropr ia te  Dara-
metric analysis. If the desired MDD, the'number ofrepli- 
cates per treatment, the number of organisms per repli- 
cate and an estimate of typical among replicate variabil- 
ity, such as the coefficient of variation (CV) from a control 
sample, are available, it is possible to use a graphical 
approach as in Figure 16.2 to determine how likely it is 
that a 20% reduction will be detected in the treatment 
response relative to the control response. The CV is 
defined as 100% x (standard deviation divided by the 
mean). In a test design with 8 replicates per treatment 
and with an a level of 0.05, high power (i.e., >0.8) to 
detect a 20% reduction from the control mean occurs 
only if the CV is 15% or less (Figure 16.2). The choice of 
these variables also affects the power of the test. If 5 
replicates are used per treatment (Figure 16.3), the CV 
needs to be 10% or lower to detect a 20% reduction in 
response relative to the control mean with a power of 90%. 

16.2.3.7 Relaxing the a. level of a statistical test in- 
creases the power of the test. Figure 16.4 duplicates 
Figure 16.2 except that a is 0.10 instead of 0.05. Selec- 
tion of the appropriate a level of a test is a function of the 
costs associated with making Type I and II statistical 
errors. Evaluation of Figure 16.2 illustrates that with a CV 
of 15% and an a level of 0.05, there is an 80% probability 
(power) of detecting a 20% reduction in the mean treat- 
ment response relative to the control mean. However, if 
a is set at 0.10 (Figure 16.4) and the CVremains at 15%, 
then there is a 90% probability (power) of detecting a 20% 
reduction relative to the control mean. The latter example 
would be preferable if an environmentally conservative 
analysis and interpretation of the data is desirable. 

16.2.3.8 Increasing the number of replicates per treat- 
ment will increase the power to detect a 20% reduction in 
treatment response relative to the control mean 
(Figure 16.5). Note. however, that for less than 8 repli- 
cates per treatment it is difficult to have high power 
(i.e.. >0.80) unless the CV is less than 15%. If space or 
cost limit the number of replicates to fewer than 8 per 
treatment, then it may be necessary to find ways to 
reduce the among replicate variability and consequently 
the CV. Ootions that are available to increase the Dower 
of the tesi include selecting more uniform organisms to 
reduce biological variability or increasing the a level of 
the test. For CVs in the range of 30% to 40%;even 
8 replicates per treatment is inadequate to detect small 
reductions (<20%) in response relative to the control 
mean. 
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Figure 16.2 Power of the test vs. percent reduction in treatment response relative to the control mean at various CVs 
(8 replicates, alpha = 0.05 [one-talledl). 
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Flgure 16.3 	 Power of the test vs. percent reduction in treatment response relative to the control mean at various CVs 
(5 replicates, alpha - 0.05 [one-tailed]). 
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Flgure 16.4 	 Power of the test vs. percent reduction in treatment response relative to the control mean at various CVs 
(8 replicates, alpha - 0.10 [one-tailed]). 
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Flgure 16.5 Effect of CV and number of replicates on the power to detect a 20% decrease In treatment response relatlve to the 
control mean (alpha = 0.05 [one-tailed]). 



16.2.3.9 The effect of the choice of aand P on number of 
replicates for various CVs, assuming the combined total 
probability of Type Iand Type IIstatistical errors is fixed 
at 0.25, is illustrated in Figure 16.6. An ao f  0.10 therefore 
establishes a P of 0.15. In Figure 16.6, if a = P = 0.125, 
the number of replicates required to detect a difference of 
20% relative to the control is at a minimum. As a or P 
decrease, the number of replicates required to detect the 
same 20% difference relative to the control increases. 
However, the curves are relatively flat over the range of 
0.05 to 0.20. and their shape will change dramatically if 
the combined total a+ Pis changed. Limiting the total of 
a + p to 0.10 greatly increases the number of replicates 
necessary to detect a preselected percentage reduction 
in mean treatment response relative to the control mean. 

16.2.4 Comparing Means 

16.2.4.1 ~i~~~~16.7 outlines a decision tree for 
of survival,-growth, or reproduction data subjected to 
hv~othesistestina. In the tests described herein. sam~les 
o;observations refer to replicates of treatments. sample 
size n is the number of replicates (i.e., exposure cham- 
bers) in an individual treatment, not the number of organ- 
isms in an exposure chamber. Overall sample size N is 
the combined total number of replicates in all treatments. 
The statistical methods discussed in this section are 
described in general statistics texts such as Steel and 
Torrie (1980), Sokal and Rohlf (1981), Dixon and Massey 
(1983), Zar (1984). and Snedecorand Cochran (1989). It 
is recommended that users of this manual have at least 

one of these texts and associated statistical tables on 
hand. A nonparametric statistics text such as Conover 
(1 980) might also be helpful. 

16.2.4.2 Mean 

16.2.4.2.1 The sample mean (X) is the average value, or 
D,/n where 

n = number of observations (replicates) 

x, = ith observation 

Zx, = every x summed = x, + x2+ x, + . . . + x,, 

16.2.4.3.1 The sample standard deviation (s) is a mea- 
sure of the variation of the data around the mean and is 
equivalent to 0.The sample variance, s2, is given by 

the following "machine" or"calculation" formula: 

2x; - (;;)2 
s2 = ,=I 

n-1  

Alpha (Beta = 0.25 -Alpha) 

FIaure 16.6 Effect of alpha and beta on the number of replicates at various CVs (assuming combined alpha + beta = 0.25). 
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Figure 16.7 Decision tree for analysis of survival, growth, and reproduction data subjected to hypothesis testing. 

16.2.4.4 Standard Error of the Mean 

16.2.4.4.1 The standard error of the mean (SE, or s/& ) 
estimates variation among sample means rather than 
among individual values. The SE is an estimate of the 
standard deviation among means that would be obtained 
from several samples of n observations each. Most of the 
statistical tests in this manual compare means with other 
means (e.g., dredged sediment mean with reference mean) 
or with a fixed standard (e.g., FDA action level; ASTM, 
1999~).Therefore, the "natural" or "random" variation of 
sample means (estimated by SE), rather than the varia- 
tion among individual observations (estimated by s), is 
required for the tests. 

16.2.4.5 Tests ofAssumptions 

16.2.4.5.1 In general, parametric statistical analyses 
such as t tests and analysis of variance are appropriate 
only if (1) there are independent, replicate experimental 
units for each treatment,(2) the observations within each 
treatment follow a normal distribution, and (3) variances 
for both treatments are equal or similar. The first assump- 
tion is an essential component of experimental design. 
The second and third assumptions can be tested using 
the data obtained from the experiment. Therefore, before 
conducting statistical analyses, tests for normality and 
equality of variances should be performed. 

16.2.4.5.2 Outliers. Extreme values and systematic 
departures from a normal distribution (e.g.. a iog-normal 
distribution) are the most common causes of departures 
from normality or equality of variances. An outlier is an 
inconsistent or questionable data point that appears un- 
representative of the general trend exhibited by the major- 
ity of the data. Outliers may be detected by tabulation of 
the data, by plotting, or by analysis of residuals. An 
explanation should be sought for any questionable data 
points. Without an explanation, data points should only be 
discarded with extreme caution. If there is no explanation, 
the analysis should be performed both with and without 
the outlier, and the results of both analyses should be 
reported. An appropriate transformation, such as the arc 
sine-square root tiansformation, will normalize many 
distributions (USEPA, 1985). Problems with outliers can 
usually be solved only by using nonparametric tests, but 
careful laboratory practices can reduce the frequency of 

16.2.4.5.3 Tests for Normality. The most commonly 
used test for normality for small sample sizes (Nc50) is 
the Shapiro-Wilk's test. This test determines if residuals 
are normally distributed. Residuals are the differences 
between individual observations and the treatment mean. 
Residuals, rather than raw observations, are tested be- 
cause subtracting the treatment mean removes any dif- 
ferences amonQ treatments. This scales the observations 
so thatthe me& of residuals for each treatment and over 



all treatments is zero. The Shapiro-Wilk's test provides a 
test statistic W, which is compared to values of W 
expected from a normal distribution. W will generally vary 
between 0.3 and 1.0, with lowervalues indicating greater 
departure from normality. Because normality is desired, 
one looks for a high value of W with an associated 
probability greater than the pre-specified a level. 

16.2.4.5.3.1. Table 16.1 provides a levels to determine 
whether departures from normality are significant. Nor- 
mality should be rejected when the probability associated 
with w (or other normality test statistic) is less than a for 
the aoorooriate total number of reolicates (NI and desian. 
A baianced design means that all treatments have a n  
equal number (n) of replicate exposure chambers. A 
design is considered unbalanced when the treatment with 
the largest number of replicates (n,,,) has at least twice 
as many replicates as the treatment with the fewest 
replicates (n,, ). Note that higher a levels are used when 
the number o?replicates is small, or when the design is 
unbalanced, because these are the cases in which depar- 
tures from normality have the greatest effects on t tests 
and other parametric comoarisons. Ifdata fail the test for 
normality, kven after trans'formation, nonparametric tests 
should be used for additional analyses (See Section 
16.2.4.6 and Figure 16.7). 

16.2.4.5.3.2 Tables of quantiles of W can be found in 
Shapiro and Wilk (1965), Gill (1978). Conover (1980), 
USEPA (1989~)and other statisticaltexts. ~ h e s e  refer-
ences also provide methods of calculating W, although 
the calculations can be tedious. Forthat reason, commonly 
available computer programs or statistical packages are 
preferred for the calculation of W. 

16.2.4.5.4 Tests for Homogeneity of Variances. There 
are a number of tests for equality of variances. Some of 
these tests are sensitive to departures from normality. 
which is why a test for normality should be performed 
first. Bartlett's test or other tests such as Levene's test or 
Cochran's test (Winer, 1971; Snedecor and Cochran, 
1989) all have similar powerfor small, equal sample sizes 

Table 16.1 Suggested a Levels to Use for Tests of 
Assumptlons 

Ndmber 01 aWhen Design 
Test Observations' Balanced Unbalanced' 

Normality N.2109 0.10 0.25 

N = 10 to 19 0.05 0.10 

N = 20 or more 0.01 0.05 

Equality of variances n = 2 to 9 0.10 0.25 

n = 10 or more 0.05 0.10 

' N = total number of observations (replicates) in all treatments 
combined: n = number of observations (replicates) in an 
inoividual treatment 

(n=5) (Conover et al.. 1981). The data must be normally 
distributed for Banlett's test. Many software packages for 
ttests and analysis of variance (ANOVA) provide at least 
one of the tests. 

16.2.4.5.4.1 If no tests for equality of variances are 
included in the available statistical software, Hartley's 
FmOxcan easily be calculated: 

F,, = ( larger of st2 , s i  ) I( smaller of s: , s: ) 

When F is large, the hypothesis of equal variances is 
more likzy to be rejected. F,,, is a two-tailed test be- 
cause it does not matter which variance is expected to be 
larger. Some statistical texts provide critical values of 
F,, (Winer, 1971; Gill, 1978; Rohlf and Sokal, 1981). 

16.2.4.5.4.2 Levels of afortests of equality of variances 
are provided in Table 16.1. These levels depend upon 
number of replicates in a treatment (n) and allotment of 
replicates among ~ e l a t i v e l ~treatments. high a's 
0.e.. 20.10) are recommended because the oower of the 
above te&s for equality of variances is' rather low 
(about 0.3) when n is small. Equality of variances is 
rejected if the probability associated with the test statistic 
is less than the appropriate a. 

16.2.4.6 TransformationsoftheData 

16.2.4.6.1 When the assumptions of normality or homo- 
geneity of variance are not met, transformations of the 
data may remedy the problem, so that the data can be 
analyzed by parametric procedures, rather than by a 
nonparametric technique. The first step in these analyses 
is to transform the responses, expressed as the propor- 
tion sulviving, by the arc sine-square root transformation. 
The arc sine-square root transformation is commonly 
used on proportionality data to stabilize the variance and 
satisfy the normality requirement. If the data do not meet 
the assumption of normality and there are four or more 
replicates per group, then the nonparametric test, Wilcoxon 
Rank Sum test, can be used to analyze the data. If the 
data meet the assumption of normality. Bartlett's test or 
Hartley's Ftest for equality of variances is used to test 
the homogeneity of variance assumption. Failure of the 
homogeneity of variance assumption leads to the use of a 
modified ttest, and the degrees of freedom for the test are 
adjusted. 

16.2.4.6.2 The arc sine-square root transformation con- 
sists of determining the angle (in radians) represented by 
a sine value. In this transformation, the proportion surviv- 
ing is taken as the sine value, the square root of the sine 
value is calculated, and the angle (in radians) for the 
square root of the sine value is determined. When the 
proportion sulviving is 0 or 1, a special modification of the 
transformation should be used (Bartlett, 1937). An ex- 
ample of the arc sine-square root transformation and 
modification are provided below. 



1. Calculate the response proportion (RP) for each repli- 	 statistical power is to increase the number of replicates. 

cate within a group, where which increases the cost of the test. 


RP = (number~fsurvivingOrganisms)l(numberex- 16.2.4.7.4 There are cases when a one-tailed test is 
posed) inaoorooriate. When no a ~rioriassumotion can be made 

2. Transform each RP to arc sine, as follows: as idhow the values vary hrelationshib to one another, a 

a. 	 For RPs greater than zero or less than one: two-tailed test should be used. An example of an alterna- 

tive two-sided hvoothesis is that the reference sediment 


Angle (in radians) 	 = arc sine total organic carbbn (TOC) content is different (greater or 

lesser) from the control sediment TOC. A two-tailed test 


b. 	Modification of the arc sine when RP = 0. should also be used when comparing tissue residues 

among different species exposed to the same sediment 


Angle (in radians) = arc sine and when comparing bioaccumulation factors (BAFs) or 

biota-sediment accumulation factors (BSAFs). 


where n = number of animalsltreatment rep. 

c. 	Modification of the arc sine when RP = 1.0. 16.2.4.7.5 The t-value for a one-tailed probability can be 

found in a two-tailed table by looking up t under the 


Angle = 1.5708 radians-(radians for RP=0) column for twice the desired one-tailed probability. For 

example. the one-tailed t-value for a = 0.05 and df = 20 

is 1.725, and is found in a two-tailed table using the 


16.2.4.7 Two Sample Comparisons (N=2) column fora  = 0.10. 

16.2.4.7.1 The true mean (p) and standard 16.2.4.7.6 The usual statistical test for comparing two deviation (0) are known only after sampling the entire independent samples is the two-sample test (Snedecorpopulation. In samples are taken and Cochran, 1989). The t-statistic fortesting the equality 
from the population, and the s calculated from those o f m e a n s ~ a n d%from two independent samples with 
samples is only an estimate of a. Student's t-values and n2 and unequalvariances isaccount for this uncertainty. The degrees of freedom for 
the test, which are defined as the sample size minus one t = ( ; , - ; , ) / d z z x z(n-I), should be used to obtain the correct t-value. Student's 
t-values decrease with increasing sample size because where s; and s; are the sample variances of the two 
largersamples provide a more precise estimate of H and0. groups, Although the equation assumes that the vari-

16.2.4.7.2 When using a t table, it is crucial to determine ances of the two groups are unequal, it is equally useful 

whether the table is based on one-tailed probabilities or for situations in which the variances of the two groups are 


two-tailed probabilities. In formulating a statistical hypoth- equal, This statistic is with the Student,s 


esis, the alternative hypothesis can be one-sided distribution with degrees of freedom (df) given by 


lone-tailed test) or two-sided (two-tailed test). The null Satterthwaite,s(1946)approximation~ 


hypothesis ( ~ , j i s  always that (he two values being ana- . . .  . .  , 

lyzed are e&d. A one-sided alternative hypothesis(~3 is (s ; /nr+s; /nzT 

that there is a specified relationship between the two df = 

1)
values (e.g., one value is greaterthan the other) versus a ( ~ ~ ~ n ~ ) ~ ~ f n , - ~ ) + ( s ~ ~ n z ) ~ ~ ( n z - 

two-sided alternative hypothesis (Ha) which is that the two 

values are simply different (i.e., eitherlargerorsmaller). A This formula can result in fractional degrees of freedom, 

one-tailed test is used when there is an a priori reason to in which case one should round the degree of freedom 

test for a specific relationship between two means, such down to the nearest integer in order to use a t table. Using 
as the alternative hypothesis that the treatment mortality this a!J!Jroach. the dearees of freedom for this test will be 
or tissue residue is  greater than the control mortality or less i i an  the'degrees of freedom for a t test assuming 
tissue residue. In contrast, the two-tailed test is used equal variances. If there are unequal numbers of repli- 
when the direction of the difference is not important or cates in the treatments, the ttest with Bonferroni's adjust- 
cannot be assumed before testing. ment can be used for data analysis (USEPA, 1994c; 

USEPA, 1994d). When variances are equal. an Ftest for 
16.2.4.7.3 Since control organism mortality or tissue equality is unnecessary. 
residues and sediment chemical concentrations are pre- 
sumed lower than reference or treatment sediment val- 16.2.4.8 Nonparametric Tests 
ues, conducting one-tailed tests is recommended in most 
cases. For the same number of replicates, one-tailed 16.2.4.8.1 Tests such as the t test, which analyze the 
tests are more likely to detect statistically significant original or transformed data and which rely on the proper- 
differences between treatments (e.g., have a greater ties of the normal distribution, are referred to as paramet- 
power) than are two-tailed tests. This is a critical consid- ric tests. Nonparametric tests, which do not require nor- 
eration when dealing with a small number of replicates mally distributed data, analyze the ranks of data and 
(sucn as 8ltreatment). The other alternative for increasing generally compare medians rather than means. The me- 



dian of a sample is the middle or 50th percentile observa- 
tion when thidata are ranked from smallest to largest. In 
manv cases. nonoarametric tests can be performed sim- 
ply dyconvirting'the data to ranks or ndrmalized ranks 
(rankits) and conducting the usual parametric test proce- 
dures on the ranks or rankits. 

16 2.4.8.2 NonOarametric tests are useful because of 
theirgen&ality, 6ut have less statistical power than corre- 
snondinn narametric tests when the oarametric test as- -r-..-...ur............- ~ - - ~ - 
~ 

~ ~ ~. 
sum~tionsare met. If parametric tests are not appropriate 
for c'omparisons because the normality assumptionis not 
met. data should be converted to normalized ranks - ~ ~ - ~~~ 

(rankits). Rankits are simply the z-scores expected for 
the rank in a normal distribution. Thus, using rankits 
imposes a normal distribution over all the data, although 
not necessarily within each treatment. Rankits can be 
obtained by ranking the data, then converting the ranks to 
rankits using the following formula: 

where z is the normal deviateand N is the total numberof 
0bse~ationS.Alternativelv, rankits may be obtained from 
standard statistical tables such as ~oh l iand  SokaI(1981). 

16.2.4.8.3 If normalized ranks are calculated, the ranks 
should be converted to rankits using the formula above. In 
comoar;sons involvina onlv two treatments IN-2). there is no ieed to test asskp6ons on the rankits or ranks; 
simply proceed with a one-tailed t test for unequal vari- 
ances using the rankits or ranks. 

16.2.4.9 Analysis o f  Variance (Nz2) 

16.2.4.9.1 Some experiments are set up to compare 
more than one treatment with a control, whereas others 
may also be interested in comparing the treatments with 
one another. The basic design of these experiments is the 
same as for experiments evaluating pairwise compari- 
sons. After the applicable comparisons are determined. 
the data must be tested for normality to determine whether 
parametric statistics are appropriate and whether the 
variances of the treatments are equal. If normality of the 
data and equal variances are established, then an analysis 
of variance (ANOVA) may be performed to address the 
hypothesis that all the treatments, including the control, 
are equal. If normality or equality of variance are not 
established, then transformations of the data might be 
appropriate, or nonparametric statistics can be used to 
test for equal means. Tests for normality of the data 
should be performed on the treatment residuals. A re- 
sidual is defined as the observed value minus the treat- 
ment mean, that is, r,, =o, - (kth treatment mean). Pooling 
residuals provides an adequate sample size to test the 
data for normality. 

16.2.4.9.2 The variances of the treatments should also 
be tested for equality. Currently there is no easy way to 
test for equality of the treatment means using analysis of 
variance if the variances are not equal. In a toxicity test 
with several treatments, one treatment may have 100% 

mortality in all of its replicates, or the control treatment 
may have 100% survival in all of its replicates. These 
responses result in 0variance for a treatment that results 
in a rejection of equality of variance in these cases. No 
transformation will change this outcome. Inthis case, the 
replicate responses for the treatment with 0 variance 
should be removed before testing for equality of vari- 
ances. Only those treatments that do not have 0replicate 
variance should be used in the ANOVA to get an estimate 
of the within treatment variance. ARera variance estimate 
is obtained, the means of the treatments with 0variance 
can be tested against the other treatment means using 
the appropriate mean comparison. Equality of variances 
among the treatments can-be evaluated with the Hartley 
F,,, test or Bartlett's test. The option of using 
nonparametric statistics on the entire set of data is also 
an alternative. 

16.2.4.9.3 If the data are not normally distributed or the 
variances among treatments are not homogeneous, even 
after data transformation, nonparametric analyses are 
appropriate. If there are four or more replicates per treat- 
ment and the number of replicates per treatment is equal, 
the data can be analyzed with Steel's Many-One Rank 
test. Unequal replication among treatments requires data 
analvsis with the Wilcoxon Rank Sum test with Bonferroni's 
adjustment. Steel's Many-One Rank test is a nonpara- 
metric test for comparing treatments with a control. This 
test is an alternative to the Dunnett's test, and may be 
applied to data when the normality assumption has not 
been met. Steel's test requires equal variances across 
treatments and the control, but is thought to be fairly 
insensitive to deviations from this condition (USEPA, 
1991a). Wilcoxon's Rank Sum test is a nonparametric 
test to be used as an alternative to the Steel's test when 
the number of replicates are not the same within each 
treatment. A Bonferroni's adjustment of the pairwise error 
rate for comparison of each treatment versus the control 
is used to set an upper bound of alpha on the overall error 
rate. This is in contrast to the Steel's test with a fixed 
overall error rate for alpha. Thus. Steel's test is a more 
powerful test (USEPA. 1991a). 

16.2.4.9.4 Different mean comparison tests are used 
dependinq on whether an apercent corn~arison-wise error 
rate or an-a percent experiment-wise enor rate is desired. 
The choice of a comparison-wise or experiment-wise 
error rate depends on whether a decision is based on a 
pairwise comparison (comparison-wise) or from a set 
of comparisons (experiment-wise). For example, a 
comparison-wise error rate would be used for deciding 
which stations along a gradient were acceptable or not 
acceptable relative to a control or reference sediment. 
Each individual comparison is performed independently at 
a smaller a (than that used in an experiment-wise com- 
parison), such that the probabilitv of making a Type Ierror 
/n the entire series of c'omparisons is not greater than the 
chosen experiment-wise a level of the test. This results in 
a more conservative test when comparing any particular 
samole to the control or reference. However. if several r.. .. . . .~.. ~.~~ ~~ 

sampleswere taken from the same area and the decision 
toaccept or reject the area was based upon all comparisons 

http:-r-..-...ur...........


with a reference, then an experiment-wise error rate should 
be used. When an experiment-wise error rate is used, the 
power to detect real differences between any two means 
decreases as a function of the number of treatment 
means being compared to the control treatment. 

16.2.4.9.5 The recommended procedure for pairwise 
comparisons that have a comparison-wise a error rate 
and equal replication is to do an ANOVA followed by a 
one-sided Fisher's Least Significant Difference (LSD) test 
(Steel and Torrie, 1980). A Duncan's mean comparison 
test should give results similar to the LSD. If the treat- 
ments do not contain equal numbers of replicates, the 
a~oro~r ia teanalvsis is the t test with Bonferroni's adiust- 
m$nt.'for compa%sons that maintain an experiment-kise 
aerror rate. Dunnett's test is recommendeb for compari- 
sons with the control. 

16.2.4.9.6 Dunnett's test has an overall error rate of a, 
which accounts for the multiple comparisons with the 
control. Dunnett's procedure uses a pooled estimate of 
the variance, which is equal to the error value calculated 
in an ANOVA. 

16.2.4.9.7 To perform the individual comparisons, calcu- 
late the t statistic for each treatment and control combina- 
tion, as follows: 

where 	 yi = mean for each treatment 

-yl= mean for the control 

S, = square root of the within mean square 

n, = number of replicates in the control 

n,= number of replicates for treatment "i" 

To quantify the sensitivity of the Dunnett's test, the 
minimum significant difference (MSD=MDD) may be cal- 
culated with the following formula: 

where d = Critical value for the Dunnett's Proce- 
dure 

S, = The square root of the within mean square 

n = The number of replicates per treatment, 
assuming an equal number of replicates 
at all treatment concentrations 

n, = Number of replicates in the control 

16.2.5 	 Methods for Calculating LCSOs, ECSOs, 

and lCps 


16.2.5.1 Figure 16.8 outlines a decision tree for analysis 

of point estimate data. USEPA manuals (USEPA, 1991a; 

USEPA, 1994c; USEPA, 1994d) discuss in detail the 

mechanics of calculating LC50 (or EC50) or ICp values 

using the most current methods. The most commonly 

used methods are the Graphical, Probit, trimmed 

Spearman-Karber and the Linear Interpolation Methods. 

Methods for evaluating point estimate data using logistic 

reclression are outlined in Snedecor and Cochran (1989). 

ingeneral, results from these methods should yieid simi- 

lar estimates. Each method is outlined below. and recom- ~ ~, - ~.~ - ~ 

mendations are presented for the use of each method. 
~ ~~~ ~~ 

16.2.5.2 Data for at least five test concentrations and the 
control should be available to calculate an LC50, although 
each method can be used with fewer concentrations. 
Survival in the lowest concentration must be at least 
50%, and an LC50 should not be calculated unless at 
least 50% of the organisms die in at least one of the serial 
dilutions. When less than 50% mortality occurs in the 
highest test concentration, the LC50 is expressed as 
greater than the highest test concentration. 

16.2.5.3 Due to the intensive nature of the calculations 
for the estimated LC50 and associated 95% confidence 
interval using most of the following methods, it is recom- 
mended that the data be analyzed with the aid of com- 
puter software. Computer programs to estimate the LC50 
or ICp values and associated 95% confidence intervals 
using the methods discussed below (except for the Graphi- 
cal Method) were developed by USEPA and can be 
obtained b y  sending a diskette with a written request to 
USEPA. National Exposure Research Laboratory, 26 W. 

Data Survival Point Estimates 7
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Figure 16.8 Declslon tree for analysis of point estimate data. 
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Martin Luther King Drive, Cincinnati, OH 45268 or call 
51 315697076. 

16.2.5,4 GraphicalMethod 

16.2.5.4.1 This procedure estimates an LC50 (or EC50) 
by linearly interpolating between points of a plot of ob- 
served Dercentaae mortality versus the base 10 logarithm 
(log,,) of treatment concentration. The only requirement 
for its use is that treatment mortalities bracket 50%. 

16.2.5.4.2 For an analysis using the Graphical Method, 
the data should first be smoothed and adjusted for mortal- 
ity in the control replicates. The procedure for smoothing 
and adjusting the data is detailed in the following steps: 
Let p,, p,. ...,p, denote the observed proportion mortali- 
ties for the control and the k treatments. The first step is 
to smooth the p, if they do not satisfy p, - p, - ...- pv The 
smoothing process replaces any adjacent p,'s that do not 
conform top, - p,- ...- p, with their average. For example, 
if p, is less than p,,, then 

where p; = 	 the smoothed observed proportion 
mortality for concentration i. 

Adjust the smoothed observed proportion mortality in 
each treatment for mortality in the control group using 
Abbott's formula (Finney, 1971). The adjustment takes 
the form: 

P," = ( p i  -p;)l(l-P;) 

where pi  = 	 the smoothed observed proportion 
mortality for the control 

pg = the smoothed observed proportion- .  
mortality for concentration i. 

16.2.5.5 The Probit Method 

16.2.5.5.1 This method is a parametric statistical proce- 
dure for estimating the LC50 (or EC50) and the associated 
95% confidence interval (Finney. 1971). The analysis 
consists of transforming the observed proportion mortaii- 
ties with a Probit transformation, and transforming the 
treatment concentrations to log ,.Given the assumption 
of normality for the log,, of the tolerances, the relationship 
between the transformed variables mentioned above is 
about linear. This relationship allows estimation of linear 
regression parameters, using an iterative approach. A 
Probit is the same as a z-score: for example, the Probit 
corresponding to 70% mortality is z,, or = 0.52. The LC50 
is calculated from the regression and is the concentration 
associated with 50% mortality or z = 0. To obtain a 
reasonably precise estimate of the LC50 with the Probit 
Method, the observed proportion mortalities must bracket 
0.5 and the log,, of the tolerance should be normally 
distributed. To calculate the LC50 estimate and associ- 
ated 95% confidence interval, two or more of the ob- 
served proportion mortalities must be between zero and 

one. The original percentage of mortalities should be 
corrected for control mortality using Abbott's formula 
(Section 16.2.5.4.1; Finney. 1971) before the Probit trans- 
formation is applied to the data. 

16.2.5.5.2 A goodness-of-fit procedure with the Chi-square 
statistic is used to determine whether the data fit the 
Probit model. If many data sets are to be compared to 
one another, the Probit Method is not recommended. 
because it may not be appropriate for many of the data 
sets. This method also is only appropriate for percent 
mortalitv data sets and should not be used for estimating 
endpoiits that are a function of the control response, 
such as inhibition of growth or reproduction. Most com- 
puter programs that generate Probit estimates also gener- 
ate confidence interval estimates for the LC50. These 
confidence interval estimates on the LC50 might not be 
correct if replicate mortalities are pooled to obtain a mean 
treatment response (USEPA-USACE, 1998a). This can 
be avoided by entering the Probit-transformed replicate 
responses and doing a least-squares regression on the 
transformed data. 

16.2.5.6 The TrimmedSpearman-KarberMethod 

16.2.5.6.1 The trimmed Spearman-Karber Method is a 
modification of the Spearman-Karber, nonparametric sta- 
tistical procedure for estimating the LC50 and the associ- 
ated 95% confidence interval (Hamilton et al., 1977). This 
procedure estimates the trimmed mean of the distribution 
of the log,, of the tolerance. If the log tolerance distribu- 
tion is symmetric, this estimate of the trimmed mean is 
equivalent to an estimate of the median of the log toler- 
ance distribution. Use of the trimmed Spearman-Karber 
Method is only appropriate for lethality data sets when the 
requirements for the Probit Method are not met (USEPA, 
1994c; USEPA, 1994d). 

16.2.5.6.2 To calculate the LC50 estimate with the 
trimmed Spearman-Karber Method, the smoothed, ad- 
justed, observed proportion mortalities must bracket 0.5. 
To calculate a confidence interval for the LC50 estimate, 
one or more of the smoothed, adjusted, observed propor- 
tion mortalities must be between zero and one. 

16.2.5.6.3 Smooth the observed proportion mortalities as 
described for the Probit Method. Adiust the smoothed 
observed proportion mortality in eacl; concentration for 
mortalitv in the control arouo usina Abbott's formula (see 
Probit M'ethod, ~ection?6.2:5.5). calculate the amount of 
trim to use in the estimation of the LC50 as follows: 

Trim =max(pp,1-pf ) 

where p; = 	 the smoothed, adjusted proportion mor- 
tality for the lowest treatment concentra- 
tion, exclusive of the control. 

p; = the smoothed, adjusted proportion mor- 
tality for the highest treatment concen- 
tration. 



k = 	 the number of treatment concentrations, 
exclusive of the control. 

16.2.5.7 Linear lnterpolation Method 

16.2.5.7.1 The Linear lnterpolation Methoo calculates a 
toxicant concentration that causes a given percent reduc- 
tion (e.g., 25%, 50%, etc.) in the en@oint of interest and 
is reported as an ICp value (IC =Inhibition Concentration; 
where p = the percent effect). The procedure was de- 
signed for general applicability in the analysis of data from 
chronic toxicity tests and for the generation of an endpoint 
from a continuous model that allows a traditional quantita- 
tive assessment of the precision of the endpoint, such as 
confidence limits for the endpoint of a single test or a 
mean and coefficient of variation for the endpoints of 
multiple tests. 

16.2.5.7.2 As described in USEPA (1994~; 1994d). the 
Linear lnterpolation Method of calculating an ICp as- 
sumes that the responses (1) are monotonically 
nonincreasing, where the mean response for each higher 
concentration is less than or eoual to the mean response 
for the previous concentration, (2) follow a piecewise 
linear response function, and (3) are from a random, 
independent, and representative sample of test data.lf 
the data are not monotonically nonincreasing, they are 
adjusted by smoothing (averaging). In cases where the 
responses at the low toxicant concentrations are much 
higher than in the controls, the smoothing process may 
result in a large upward adjustment in the controi mean. In 
the Linear lnterpolation Method, the smoothed response 
means are used to obtain the ICp estimate reported for 
the test. No assumption is made about the distribution of 
the data except that the data within a group being resampled 
are independent and identically distributed. 

16.2.5.7.3 The Linear lnterpolation Method assumes a 
linear resoonse from one concentration to the next. Tnus, 
the IC is'estimated by linear interpolation between two 
concentrations whose~responses bracket the response of 
interest, the (p) percent reduction from the controi. 

16.2.5.7.4 If the assumption of monotonicity of test 
results is met. the observed resDonse means ii',)should 
stay the same or decrease as the toxicant co"c&ntration 
increases. If the means do not decrease monotonically. 
the responses are "smoothed by averaging (pooling) 
adjacent means. Observed means at each concentration 
are considered in~ d e rof increasing concentration, start- 
ing with the control mean (i',).If the mean obszrved 
response at the lowest toxicant concentrgion ( Y,) is 
equal to or smaller than the control mean (Y,), it is used 
as the response. If it is larger than the control mean, it is 
averaged with the control, and this average is used for 
both the control response (M ) and the lowest toxicant 
concentration response (M,). his mean is then compared 
to the mean observed response for the next higher toxi- 
cant concentration (T):Again, if the mean observed 
response for the next h~gher toxicant concentration is 
smaller than the mean of the control and the lowest 
toxicant concentration, it is used as the response. If it is 

higher than the mean of the first two, it is averaged with 
the mean of the first two, and the resulting mean is used 
as the response for the control and two lowest concentra- 
tions of toxicant. This process is continued for data from 
the remaining toxicant concentrations. Unusual patterns 
in the deviations from monotonicitv mav reauire an addi- 
tional step of smoothing. Where Tidecrease monotoni- 
cally, the Y,become M, without smoothing. 

16.2.5.7.5 To obtain the ICp estimate, determine the 
concentrations C, and C,, that bracket the response M, 
(1 - p1100), where M, IS the smoothed control mean 
response and p is the percent reduction in response 
relative to the control response. These calculations can 
easily be done by hand w with a computer program as 
described below. The linear interpolation estimate is cai- 
culated as follows: 

where 	 C, = tested concentration whose observed 
mean 	response is greater than 
M,(1 - ~1100). 

tested concentration whose observed C,,, = 
mean response 
M,(1 - p/100). 

is less than 

M, = smoothed mean response for the 
control. 

M, = smoothed mean response for 
concentration J. 

M,,, = smoothed mean response for 
concentrationJ + 1. 

p = 	 percent reduction in response relative 
to the control response. 

ICp = 	 estimated concentration at which there 
is a percent reduction from the 
smoothed mean control response. 

16.2.5.7.6 Standard statistical methods for calculating 
confidence intervals are not applicable for the ICp. The 
bootstrap method, as proposed by Efron (1982), is used 
to obtain the 95% confidence interval for the true mean. In 
the bootstrap method, the test data Y,, is randomly 
resampled with replacement to produce a new set of data 
Y 'that is statistically equivalent to the original data, but 
whch produces a new and slightly different estimate of 
the ICp (ICp*). This process is repeated at least 80 times 
(Marcus and Holtzman. 1988), resulting in multiple "data" 
sets, each with an associated ICp* estimate. The distribu- 
tion of the ICp' estimates derived from the sets of 
resampled data approximates the sampling distribution of 
the ICp estimate. The standard error of the ICp is esti- 
mated by the standard deviation of the individual ICp' 
estimates. Empirical confidence intervals are derived from 
the quantiles of the ICp* empirical distribution. For ex- 



ample, if the test data are resampled a minimum of 80 
times, the empirical 2.5% and the 97.5% confidence 
limits are about the second smallest and second largest 
ICp* estimates (Marcus and Holtzman, 1988). The width 
of the confidence intervals calculated by the bootstrap 
method is related to the variability of the data. When 
confidence intervals are wide, the reliability of the IC 
estimate is in question. However, narrow intervals do not 
necessarily ishighly reliable, indicate that the 
because of undetected violations of assumptions and the 
fact that the confidence limits based on the empirical 
quantiles of a bootstrap distribution of 80 samples may be 
unstable. 

16.2.6 Analysis of Bioaccumulation Data 

16.2.6.1 In some cases, body burdens will not approach 
steady-state body burdens in a 28-d test (ASTM. 1999~). 
Organic compounds exhibiting these kinetics will prob- 
ably have a log Kow >5, be metabolically refractory (e.g., 
highly chlorinated PCBs, dioxins), or have low depuration 
rates. Additionally, tissue residues of several heavy met- 
als may gradually increase over time so that 28 d is 
inadequate to approach steady-state. Depending on the 
goals of the study and the adaptability of the test species 
to long-term testing. it may be necessaty to conduct an 
exposure longer than 28 d (or a kinetic study) to obtain a 
sufficiently accurate estimate of steady-state tissue resi- 
dues of these compounds. 

16.2.6.2 Biotic Sampling 

16.2.6.2.1 In the long-term studies, the exposure should 
continue until steady-state body burdens are attained. 
ASTM (1999~) recommends a minimum of five sampling 
periods (plus to) when conducting water exposures to 
generate bioconcentration factors (BCFs). Sampling in a 
geometric progression is also recommended with sam- 
pling times reasonably close to Sl16, Sl8, S14. SI2, and 
S, where S is the time to steady state. This sampling 
design assumes a fairly accurate estimate of time to 
steady state, which is often not the case with sediment 
exposures. 

16.2.6.2.2 To document steady state from sediment 
exposures, placing a greater number of samples at and 
beyond the predicted time to steady state is recom- 
mended. With a chemical expected to reach steady state 
within 28 to 50 d, samples should be taken at Day 0, 7, 
14, 21, 28, 42, 56, and 70. If the time to steady state is 
much greaterthan 42 d, then additional sampling periods 
at two-week intervals should be added (e.g., Day 84). 
Slight deviations from this schedule (e.g., Day 45 ver- 
sus Day 42) are not critical, though for comparative 
purposes, samples should be taken at t,,. An estimate of 
time to steady state may be obtained from the literature or 
estimated from structure-activity relationships, though 
these values should be considered the minimum times to 
steady state. 

16.2.6.2.3 This schedule increases the likelihood of 
statistically documenting that steady state has been ob- 

tained although it does not document the initial uptake 
phase as well. If an accurate estimate of the sediment 
uptake rate coefficient (Ks) is required, additional sam- 
pling periods are necessaty during the initial uptake phase 
(e.g., Day 0,2,4, 7, 10, 14). 

16.2.6.3 AbioticSamples 

16.2.6.3.1 The bioavailable fraction of the contaminants 
as well as the nutritional quality of the sediment are more 
Prone to depletion in extended tests than during the 28-d 
exposures. TO statisti~ally document whether such deple- 
tions have occurred, replicate sediment samples should 
be collected for IJhvsical and chemical analvsis from each 
sediment type at the beginning and the e h  of the expo- 
sure. Archivina sediment samoles from everv biolooical -, 	 --- 0  

sampling per ih  also is recomr;lended. 

16.2.6.4 Shorf-termuptake Tests 

16.2.6.4.1 Compounds may attain steady state in the 
oligochaete, Lumbriculus variegatus, in less than 28 d 
(Kukkonen and Landrum, 1993). However, before a shorter 
test is used, it must be ascertained that the analytes of 
interest do indeed achieve steady state in L. variegatus in 
<28 d. Biotic and abiotic samples should be taken at 
Day 0 and 10 following the same procedure used for the 
28-d tests. If time-series biotic samples are desired, 
sample on Day 0, 1, 3, 5, 7, and 10. 

16.2.6.5 Estimating Steady State 

16.2.6.5.1 In tests where steady state cannot be docu- 
mented, it may be possible to estimate steady-state 
concentrations. Several methods have been published 
that can be used to predict steady-state chemical con- 
centrations from uptake and depuration kinetics (Spacie 
and Hamelink, 1982: Davies and Dobbs. 1984). Ail of 
these methods were derived from fish exposu;es and 
most use a linear uptake, first-order depuration model that 
can be modified for uptake of chemicals from sediment. 
To avoid confusing uptake from water versus sediment, 
Ks, the sediment uptake rate coefficient, is used instead 
of K1. The Ks coefficient has also been referred to as the 
uptake clearance rate (Landrum et al.. 1989). Following 
the recommendation of Stehly et al. (1990), the gram 
sediment and gram tissue units are retained in the 
formulation: 

Ct (t) = Ks x Cs IK2 x (l-e-K2") 

where Ct = 	 chemical concentration in tissue at 
time t 

Cs = 	 chemical concentration in sediment 

Ks = 	 uptake rate coefficient in tissue (g sed 
g' day') 

K2 = 	 depuration constant (day1) 

t = 	 time (days) 



As time approaches infinity, the maximum or equilibrium 
chemical concentration within the organism (Ct-) be-
comes 

Ctma,= CS x KSIK2 

Correspondingly, the bioaccumulation factor (BAF) for a 
comoound mav be estimated from 

BAF = Ks IK2 

16.2.6.5.2 Thismodel assumes that the sediment con- 
centration and the kinetic coefficients are invariant. 
Depletion of the sediment concentrations in the vicinitv of 
theorganism would invalidate the model. Further, the Fate 
coefficients are conditional on the environment and health 
of the test organisms. Thus, changes in environmental 
conditions such as temperature or changes in physiology 
such as reproduction will also invalidate the model. De- 
spite these potential limitations, the model can provide 
estimates of steady-state tissue residues. 

16.2.6.5.3 The kinetic approach requires an estimate of 
Ks and K2, which are determined from the changes in 
tissue residues during the uptake phase and depuration 
phase, respectively. ?'he uptake experiment should be 
short enouah that an estimate of Ks is made durina the 

K2 = antilog[1.47-0.414 x log(Kow)] 

The relationship between S and K2 and between K2 and 
Kow is summarized in Table 16.2. Estimated time (days) 
to reach 95% of chemical steady-state tissue residue (S) 
and depuration rate constants (K2) are calculated from 
octanol-water partition coefficierits using a linear uptake, 
first-order deouration model (Soacie and Hamelink. 1982). > - , ~ ~  - ~ - ~ ~ . . ~ ,  

~ ~ ~ ~ 

The K2valuis are the amount depurated (decimal fractii" 
of tissue residue lost per day). Table 16.2 may be used to 
make a rough estimate of the exposure time to reach 
steady-state tissue residues if a depuration rate constant 
for thk compound of interest from a phylogenetically 
similar species is available. If no de~uration rate is avail- 
able, then the table may be used fdr estimating the S of 
organic compounds from the Kow value. However, as 
these data were developed from fish bioconcentration 
data, its applicability to the kinetics of uptake from 
sediment-associated chemicals is unknown. The portion 
of organics readily available for uptake may be small in 
comparison to the total sediment organic concentration 
(Landrum, 1989). Therefore S values generated by this 
model should be considered as minimum time periods. 

16.2.6.5.5 Usina a linear udake. first-order deouration 
model to estimze exposure time to reach steaby-state 
bodv burden for metals is oroblematical for a number of ..~~ ~ ~~~~-~~~ 

linear portion of the uptake phase to avoid an unre~listi- reasons. The kinetics of upLke may be dependent upon a 
cally low uptake rate due to depuration. The depuration small fraction of the total sediment metal load that is 
phase should be of sufficient duration to smooth out any bioavailable (Luoma and Bryan, 1982). Depuration rates 
loss from a rapidly depurated compartment such as loss may be more difficult to determine, as metals bound to 
from the voiding of feces. Unless there is reason to proteins may have very low exchange rates (Bryan, 1976). 
suspect that the route of exposure will affect the de~ura- Hiah exposure concentrations of some metals can lead to 
tionrate, it is acceptable to use a K2 derived from a water 
exposure. For further discussion of this method for 
bioconcentration studies in fish, see Davies and Dobbs 
(1984), Spacie and Hamelink (1982), and ASTM (1999b). 
For application of this procedure for sediment, see ASTM 
(1999~) .  Recent studies of the accumulation of 
sediment-associated chemicals by benthos suggest that 
the kinetics for freshly dosed sediments may require a 
more complex formulation to estimate the uptake clear- 
ance constant than that presented above (Landrum, 1989). 

16.2.6.5.4 This model predicts that equilibrium would be 
reached only as time becomes infinite. Therefore, for 
practical reasons, apparent steady state is defined here 
as 95% of the equilibrium tissue residue. The time to 
reach steady state can be estimated by 

S = ln[1 1(1.00-0.95)] 1K2 = 3.0 1K2 

where S = time to apparent steady state (days) 

Thus, the key information is the depuration rate of the 
compound of interest in the test species or phylogeneti- 
cally related species. Unfortunately, little of this data has 
been generated for benthic invertebrates. When no depu- 
ration rates are available, the depuration rate constant for 
organic compounds can then be estimated from the rela- 
tionship between Kow and K2 for fish species (Spacie and 
Hamelink, 1982): 

theinduction of metal binding proteins, like metallothionein. 
which detoxify metals. These metal-protein complexes 
within the organism have extremely low exchange rates 
with the environment (Bryan, 1976). Thus, the induction of 
metal binding proteins may result in decreased depuration 
rate constants in organisms exposed to the most polluted 
sediments. Additionally, structure-activity relationships 
that exist for organic chemicals (e.g., relationship be- 
tween Kow and BCFs) are not well developed for metals. 

Table 16.2 

Log KOW 

1 

4 
5 
6 

9 

Estimated Tlme to Obtain 95 Percent of Steady-
state Tissue Residue 

K2 S (days) 

0.114 0.2 
0.44 0.5 

0.17 I.4 

0.0065 3.5 
0.0025 9.2 
0.00097 24 

0.00037 61 


0.00014 160 


0.00006 410 



16.3 	 Data Interpretation 

16.3.1 Sediments spiked with known concentrations of 
chemicals can be used to establish cause and effect 
relationships between chemicals and biological responses. 
Results of toxicitv tests with test materials soiked into 
sediments at d~ffhent concentrations may be reported in 
terms of an LC50 (median lethal concentration), an EC50 
(median effect concentration), an IC50 (inhibition wncen- 
iration), or as a NOEC (no observed effect concentration) 
or LOEC llowest observed effect concentration: Section .. \ - ~ - ~ - ~ 

3). Consistent spiking procedures should be foilowed in 
order to make interlaboratory comparisons (Section 8.3). 

16.3.2 Evaluating effect concentrations for chemicals in 
sediment requires knowledge of factors controlling the 
bioavailabilitv. Similar concentrations of a chemical in 
units of mass of chemical per mass of sediment dry 
weight often exhibit a range in toxicity in different sedi- 
ments (Di Toro et al., 1991; USEPA, 1992~). Effect 
concentrations of chemicals in sediment have been corre- 
lated to interstitial water concentrations, and effect con- 
centrations in interstitial water are often similar to effect 
concentrations in water-only exposures. The bioavailabil- 
itv of nonionic oroanic C O ~ D O U ~ ~ Sare oflen inverselv 
cbrrelated with the-organic carbon concentration of the 
sediment. Whatever the route of exoosure. the correla- 
tions of effect concentrations to interstitial water concen- 
trations indicate that predicted or measured concentra- 
tions in interstitial water can be useful for auantifvina the 
exposure concentration to an organism. ~herefofe. hfor-
mation on partitioning of chemicals between solid and 
liquid phases of sediment can be useful for establishing 
effect concentrations. 

16.3.3 Toxic units can be used to help interpret the 
response of organisms to multiple chemicals in sediment. 
A toxic unit is the concentration of a chemical divided bv 
an effect concentration. For example, a toxic unit of 
exposure can be calculated by dividing the measured 
wncentration of a chemical in pore water by the water-only 

assess the effects of contaminants associated with sedi- 
ment (Long and Morgan, 1990; lngersoll et al., 1996, 
1997; MacDonald et al., 1996). Hazard evaluations inte- 
grating data from laboratow exDosures, chemical analv- 
ies, and benthic community assessments provide strong 
wmolementarv evidence of the deoree of oollution-induced 
degradation i' aquatic commurkes (chapman et al., 
1992, 1997; Burton. 1991; Canfield et al.. 1994. 1996, 
1998). 

16.3.6 Toxicitv Identification Evaluation (TIE1 orocedures 
can be used io help provide insights as'to specific con- 
taminants responsible for toxicity in sediment (USEPA, 
1991b; Ankley and Thomas, 1992). For example, the 
toxicity of contaminants such as metals, ammonia, hy- 
drogen sulfide, and nonionic organic compounds can be 
identified using TIE procedures. -

16.3.7 	Interpretation of Comparisons of Tissue 
Residues 

16.3.7.1 If the mean control tissue residues at Day 28 are 
not significantly greater than the Day 0 tissue residues, it 
can be concludeb that there is no significant contamina- 
lion from the exDosure svstem or from the control sedi- 
ment. If there is 'significant uptake, the exposure system 
or control sediment should be reevaluated as to suitabil- 
ity. Even if there is a significant uptake in the controls, it 
is st111 possible to compare the conirols and treatments as 
long as the contaminant concentrations in the test tissue 
residues are substantially higher. However, if control val- 
ues are high, the data should be discarded and the 
experiment conducted again after determining the source 
of contamination. 

16.3.7.2 Comparisons of the 28-4 control (or reference) 
tissue residues and 28-d treatment tissue residues dele;- 
mines whether there was statisticallv sianificant bioaccu- 
mulation due to exposure to test se&m&ts. Comparisons 
between control and reference tissue residues at Day 28 
determine whether there was a statisticallv sianificant 

LC50 for the same chemical (~nk ley  et a1.i 1991a). ~ o x i c -  bioaccumulation due to exposure to the refkreke sedi- 
itv exoressed as toxic units mav be summed and this 
n;ay provide information on the tbxicity of chemical mix- 
tures (Ankley et al., 1991a). 

16.3.4 Field surveys can be designed to provide either a 
qualitative reconnaissance of the distribution of sediment 
contamination or a quantitative statistical comparison of 
contamination among sites (Burton and lngersoll, 1994). 
Surveys of sediment toxicity are usually part of more 
comprehensive analyses of biological, chemical, geologi- 
cal, and hydrographic data. statistical correlationcan be 
im~roved and costs reduced if subsam~les are taken 
simultaneously for sediment toxicity or b/oaccumulation 
tests, chemical analyses, and benthic community 
structure. 

16.3.5 Descriptive methods, such as toxicity tests with 
field-collected sediment, should not be used alone to 
evaluate sediment contamination. An integration of sev- 
eral methods using the weight of evidence is needed to 

ment. If no sianificant difference is detected when treatment 
tissue residies are compared to a set criterion value 
(e.g., FDA action level) with a one-tailed test, the residues 
must be considered equivalent to the value even though 
numerically the mean treatment tissue residue may be 
smaller. 

16.3.7.3 BAFs and BSAFs 

16.3.7.3.1 Statistical comparisons between ratios such 
as BAFs or BSAFs are difficult due to computation of 
error terms. Since all variables used to compute BAFs 
and BSAFs have errors associated with them, it is neces- 
sary to estimate the variance as a function of these 
errors. This can be accomplished using approximation 
techniques such as the propagation of error (Beers, 1957) 
or a Taylorseries expansion method (Mood et ai., 1974). 
BAFs and BSAFs can then be compared using these 
estimates of the variance. ASTM (1999~) provides ex- 
amples of this approach. 



16.3.7.4 Comparing Tissue Residues of Different 
Compounds 

16.3.7.4.1 In some cases, it is of interest to compare the 
tissue residues of different compounds. For example. 
Rubinstein et al. (1987) compared the uptake of thirteen 
different PCB congeners to test for differences in bioavail- 
ability. Because the values for the different compounds 
are derived from the same tissue samples, they are not 
indeoendent and tend to be correlated, so standard ttests 
and 'ANOVAS are inappropriate. A repeated measures 
technique (repeated testing of the same experimental 
unit) should be used where the experimental unit (individual) 
is considered as a random factor and the different com- 
pounds as a second factor. See Rubinstein et al. (1987) 
and Lake et al. (1 990) for an example of the application of 
repeated measures to bioaccumulation data. 

16.4 Reporting 

16.4.1 The record of the results of an acceptable sedi- 
ment test should include the following information either 
directly or by referencing available documents: 

16.4.1.1 Name of test and investigator(s), name and 
location of laboratory, and dates of start and end of test. 

16.4.1.2 Source of control or test sediment, and method 
for collection, handling, shipping, storage and disposal of 
sediment. 

16.4.1.3 Source of test material, lot number if applicable, 
composition (identities and concentrations of major 
ingredients and impurities if known), known chemical and 
physical properties, and the identity and concentration(s) 
of any solvent used. 

16.4.1.4 Source and characteristics of overlying water, 
descriotion of anv wetreatment, and results of anv dem- 
onstrition of the gbility of an organism to survive or grow 
in the water. 

16.4.1.5 Source, history, and age of test organisms; 
source, history, and age of brood stock, culture procedures; 

and source and date of collection of the test organisms, 
scientific name, name of person who identified the organ- 
isms and the taxonomic key used, age or life stage. 
means and ranges of weight or length, obse~ed  diseases 
or unusual appearance, treatments used, and holding 
procedures. 

16.4.1.6 Source and composition of food; concentrations 
of test material and other contaminants; procedure used 
to prepare food; and feeding methods, frequency and 
ration. 

16.4.1.7 Description of the experimental design and test 
chambers, the depth and volume of sediment and overly- 
ing water in the chambers, lighting, numberof test cham- 
bers and number of test organismsltreatment, date and 
time test starts and ends, temperature measurements, 
dissolved oxygen concentration (1~glL) and any aeration 
used before starting a test and during the conduct of a 
test. 

16.4.1.8 Methods used for physical and chemical charac- 
terization of sediment. 

16.4.1.9 Definition(s) of the effects used to calculate 
LC50 or EGOS, biological endpoints for tests, and a 
summary of general observations of other effects. 

16.4.1.10 A table of the biological data for each test 
chamber for each treatment, including the control(s), in 
sufficient detail to allow independent statistical analysis. 

16.4.1.1 1 Methods used for statistical analyses of data. 

16.4.1.12 Summary of general observations on other 
effects or symptoms. 

16.4.1.13 Anything unusual about the test, any deviation 
from these procedures. and any other relevant information. 

16.4.2 Published reports should contain enough informa- 
tion to clearly identify the methodology used and the 
quality of the results. 



Section 17 

Precision and Accuracy 


17.1 Determining Precision and Accuracy 

17.1.1 Precision is a term that describes the degree to 
which data generated from replicate measurements differ 
and reflects the closeness of agreement between ran- 
domly selected test results. Accuracy is the difference 
between the value of the measured data and the true 
value and is the closeness of agreement between an 
observed value and an accepted reference value. Quanti- 
tative determination of precision and accuracy in sedi- 
ment testing of aquatic organisms Is difficult or may be 
impossible in some cases, as compared to analytical 
(chemical) determinations. This is due, in part, to the 
many unknown variables that affect organism response. 
Determining the accuracy of a sediment test using field 
samples is not possible since the true values are not 
known. Since there is no acceptable reference material 
suitable for determining the accuracy of sediment tests, 
the accuracy of the test methods has not been deter- 
mined (Section 17.2). 

17.1.2 Sediment tests exhibit variability due to several 
factors (Section 9). Test variability can be described in 
terms of two types of precision, either single laboratory 
(intralaboratory or repeatability; Section 17.5.1) precision 
or multi-laboraiory (interlaboratory or reproducibility; Sec- 
tion 17.5.2. 17.5.3 and 17.6) precision. lntralaboratow 
precision reflects the ability of tiained laboratory person- 
nel to obtain consistent results repeatedly when perform- 
ing the same test on the same organism using the same 
toxicant. lnterlaboratory precision (also referred to as 
round-robin or ring tests) is a measure of the repmducibil- 
ity of a method when tests are conducted by a number of 
laboratories using that method and the same organism 
and samples. Generally, intralaboratory results are less 
variable than interlaboratory results (USEPA, 1991a; 
USEPA, 1991c; USEPA, 1994b; USEPA, 1994c; Hall et 
al., 1989; Grothe and Kimerle, 1985). 

17.1.3 A measure of precision can be calculated using 
the mean and relative standard deviation (percent coeffi- 
cient of variation, or CV% = standard deviationtmean x 
100) of the calculated endpoints from the replicated end- 
points of a test. However, precision reported as the CV 
should not be the only approach used for evaluating 
precision of tests and should not be used for the NOEC 
levels derived from statistical analyses of hypothesis 
testing. The CVs can be very high when testing extremely 
toxic samples. For example, if there are multiple replicates 

with no s u ~ i v a l  and one with low survival, the CV might 
exceed 100°/.. yet the range of response is actually quite 
consistent. Therelore, additional estimates of precision 
should be used, such as range of responses, and mini- 
mum detectable differences (MDD) compared to control 
survival or growth. Several factors can affect the preci- 
sion of the test, including test organism age, condition 
and sensitivity; handling and feeding of the test organ- 
isms; overlying water quality; and the experience of the 
investigators in conducting tests. For these reasons, it is 
recommended that trained laboratory personnel conduct 
the tests in accordance with the procedures outlined in 
Section 9. Quality assurance practices should include 
the following: ( I )  single laboratory precision determina- 
tions that are used to evaluate the ability of the laboratory 
personnel to obtain precise results using reference toxi- 
cantsfor each of the test organisms and (2) preparation of 
control charts (Section 17.4) for each reference toxicant 
and test organism. The single laboratory precision determi- 
nations should be made before conducting a sediment test 
and should be periodically performed as long as whole- 
sediment tests are being conducted at the laboratory. 

17.1.4 lntralaboratory precision data are routinely caicu- 
lated for test organisms using water-only 96-h exposures 
to a reference toxicant, suchas potassium chloride (KCi). 
lntraleboratow precision data should be tracked usina a 
control chart: Each laboratory's reference-toxicity data 
will reflect conditions unique to that facility, including 
dilution water, culturing, and other variables (Section 9). 
However, each laborat&y's reference-toxicity cvs shouid 
reflect good repeatability. 

17.1.5 lnterlaboratory precision (round-robin) tests have 
been completed with both Hyalella azteca and Chirono- 
mus tentans using 4-d water-only tests and 10-d whole- 
sediment tests described in Section 11.2 and 12.2 
(Section 17.5). Section 17.6 describes results of round- 
robin evaluations with long-term sediment toxicity tests 
described in Sections 14 and 15 for H. azteca and 
C. tentans. 

17.2 Accuracy 

17.2.1 The relative accuracy of toxicity tests cannot be 
determined since there is no acceptable reference mate- 
rial. The relative accuracy of the reference-toxicity tests 
can only be evaluated by comparing test responses to 
control charts. 



17.3 	 Replication and Test Sensitivity 

17.3.1 The sensitivity of sediment tests will depend in 
part on the number of replicates per concentration, the 
probability levels (alpha and beta) selected, and the type 
of statistical analysis. For a specific level of variability, 
the sensitivity of the test will increase as the number of 
replicates is increased. The minimum recommended num- 
ber of re~licates varies with the obiectives of the test and 
the statistical method used for 'analysis of the data 
(Section 16). 

17.4 	 Demonstrating Acceptable 

Laboratory Performance 


17.4.1 lntralaboratory precision, expressed as a coeffi- 
cient of variation (CV), can be determined by performing 
five or more tests with different batches of test organ- 
isms, using the same reference toxicant, at the same 
concentrations, with the same test conditions (e.g.. the 
same test duration, type of water, age of test organisms, 
feeding), and same data analvsis methods. A reference- 
toxicity'concentration seriese(dilution factor of 0.5 or 
higher) should be selected that will provide partial mortali- 
ties at two or more concentrations of the test chemical 
(Section 9.14, Table 9.1, 9.2). See Section 9.16 for 
additional detail on reference-toxicity testing. 

17.4.2 It is desirable to determine the sensitivity of test 
organisms obtained from an outside source. The supplier 
should provide data with the shipment describing the 
history of the sensitivity of organisms from the same 
source culture. 

17.4.3 Before conducting tests with potentially contami- 
nated sediment, it is strongly recommended that the 
laboratory conduct the tests with control sediment(s) 
alone. Results of these preliminary studies should be 
used to determine if use of the control sediment and other 
test conditions (i.e., water quality) result in acceptable 
performance in the tests as outlined in Tables 11 .I,12.1, 
13.1,14.1, and 15.1. 

17.4.4 A control chart should be prepared for each 
combination of reference toxicant and test organism. 
Each control chart should include the most current data. 
Endpoints from five tests are adequate for establishing 
the control charts. In this technique, a running plot is 
maintained for the values (X) from successive tests with 
a given reference toxicant (~igure 17.1), and the end- 
points (LC50, NOEC, iCp) are examined to determine if 
they are within prescribed limits. Control charts as de- 
scribed in USEPA (1991a) and USEPA (1993b) are used 
to evaluate the cumulative trend of results from a series 
of samples. The mean and upper and lower control limits 
(*2 SD) are recalculated with each successive test result. 
After two years of data collection, or a minimum of 20 
data points, the control (cusum) chart should be main- 
tained using only the 20 most recent data points. 

decreasing sensitivity, are readily identified using control 
charts. With an a l ~ h a  of 0.05. one in 20 tests would be 
expected to fail outside of the wntrol limits by chance 
alone. During a 30-d period, if two reference-toxicity tests 
out of a total of the previous 20 fall outside the wntrol 
limits, the sediment toxicity tests conducted during the 
time in which the second reference-toxicity test failed are 
suspect and should be considered as provisional and 
subject to careful review. 

17.4.5.1 A sediment test may be acceptable if specified 
conditions of a reference-toxicity test fall outside the 
expected ranges (Section 9). Specifically, a sediment 
test should not necessarily be judged unacceptable if the 
LC50 for a given reference-toxicity test falls outside the 
expected range or if mortality in the control of the reference- 
toxicity test exceeds 10% (Tables 9.1 and 9.2). All the 
performance criteria outlined in Tables 11.3, 12.3, 13.4. 

UPPER CONTROL LlMlT.................... 


CENTRALTENDENCY 

LOWER CONTROL LlMlT.................... 


UPPER CONTROL LlMlT (?+ 2 S)..................................... 


LOWER CONTROL LIMIT(F-2 S)..................................... 


0 	 5 10 15 20 

TOXICITYTEST WITH REFERENCE TOXICANTS 

where x, = Successive toxicity values of toxicity tests. 
n = Number of tests. 
-

= Mean toxicity value. 
S = Standard deviation. 

17.4.5 The outliers, which are values falling outside the Figure 17.1 Control (cusum) charts: (A) hypothesis testing 

upper and lower control limits, and trends ofincreasing or results: and (6) point estlmates (LC, EC, or IC). 
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14.3, and 15.3 must be considered when determining the 
acce~tabilitv of a sediment test. The acce~tabilitv of the 
sediment t&t would depend on the experi$nce arid judg- 
ment of the investigator and the regulatory authority. 

17.4.6 If the value from a given test with the reference 
toxicant falls more than two standard deviations (SD) 
outside the expected ranae. the sensitivitv of the organ- 
isms and the overall crediiihty of the test system may be 
susoecl (USEPA. 1991a). In this case. the test procedure . ~ - ~ ~ . - -
Jhould be examined for defects and should be repeated 
with a different batch of test organisms. 

17.4.7 Performance should improve with experience, and 
the control limits for point estimates should gradually 
narrow. However, control limits of f2 SD, by definition, 
will be exceeded 5% of the time, regardless of how well a 
laboratory performs. Highly proficient laboratories that 
develop a very narrow control limit may be unfairly penal- 
ized if a test that falls just outside the control limits is 
rejected de facto. For this reason, the width of the control 
limits should be considered in determining whether or not 
an outlier is to be rejected. This determination may be 
made by the regulatory authority evaluating the data. 

17.4.8 The recommended reference-toxicity test con- 
sists of a control and five or more concentrations in which 
the endpoint is an estimate of the toxicant concentration 
that is lethal to 50% of the test organisms in the time 
period prescribed by the test. The LC50 is determined by 
an appropriate procedure, such as the trimmed 
Spearman-Karber Method. Probit Method, Graphical 
Method, or the Linear Interpolation Method (Section 16). 

17.4.9 The point estimation analysis methods recom- 
mended in this manual have been chosen primarily be- 
cause thev are well-tested, well-documented, and are 
applicable-to most types of test data. Many other meth- 
ods were considered in the selection process, and it is 
recognized that the methods selected are not the only 
possible methods of analysis of toxicity data. 

17.5 	 Precision of Sediment Toxicity Test 
Methods: Evaluation of 10-d 
Sediment Tests and Reference- 
toxicity Tests 

17.5.1 	lntralaboratory Performance 
17.5.1 .Ilntralaboratory performance of the Hyalella azteca 
and Chironomus tentans 10-d tests (as described in Tables 
11.1 and 12.1) was evaluated at the USEPA Office of 
Research and Development Laboratory (Duluth, MN) us-
ing one control sediment sample in June 1993. In this 
study, five individuals simultaneously conducted the 10-d 
whole-sediment toxicity tests as described in Tables 11 .I 
and 12.1 with the exception of the feeding rate of 1.O mL 
rather than 1.5 mL for C. tentans. The results of the study 
are presented in Table 17.1. The mean survival for 
H. azteca was 90.4% with a CV of 7.2% and the mean 
survival for C. tentans was 93.0% with a CV of 5.7%. All 

of the individuals met the survival performance criteria of 
80% for H. azteca (Table 11.3) or 70% for C. tentans 
(Table 12.3). 

17.5.2 	lnterlaboratory Precision: 1993 
Evaluation of the 10-d Sediment Tests 
and the Reference-toxicity Tests 

17.5.2.1 lnterlaboratory precision using reference-toxicity 
tests or 10-d whole-sediment toxicity tests using the 
methods described in this manual (Tables 9.1,9.2, 11.1, 
and 12.1) were conducted bv federal government labora- 
tories, contract laboratories, and academic laboratories 
that had demonstrated experience in sediment toxicitv 
testing for a first time in '1993 (Section 17.5.2.2 and 
Burton et al., 199613) and a second time in I99611997 (the 
"I99611997 study"; Section 17.5.3). In the 1993 study the 
only exception to the methods outlined in Table 9.1 and 
9.2 was that 80% rather than the current recommendation 
of 90% survival was used to judge the acceptability of the 
reference-toxicity tests. The 1993 round-robin study 
was conducted in two phases for each test organism. 
The experimental design forthe 1993 round-robin study 
required each laboratory to conduct 96-h water-only 
reference-toxicity tests in Phase 1 and 10-d whole- 
sediment tests in Phase 2 with HyaleNa azteca or 
Chironomus tentans over a period of six months. Crite- 
ria for selection of participants in the 1993 round-robin 
study were that the laboratories: (1) had existing cultures 
of the test organisms. (2) had experience conducting 
tests with the organisms, and (3) would participate volun- 
tarily. The test methods for the reference-toxicity tests 
and the whole-sediment toxicity tests were similar among 
laboratories. Standard operating procedures detailing the 
test methods were ~rovided to all ~articioants. Culture .~ ~~ ~-~ 

methods were not sdecified and i e r k  not identical across 
laboratories. 

Table 17.1 	 lntralaboratory Precision for Suwlval ,of Hyalella 
azleca and Chlmnomus tentans in 10-d Whole- 
sediment Toxicity Tests, June 1993' 

Percent Survival 

Individual H. azleca C. tentans 

N 
Mean 
CV 


' 	Test sample was from a control red ment (T.J Noaerg-Kmg, 
USEPA. D~luth.MN, personal commun~cal on) The test was 
conducted at the same tlme by five indw.duals at the USEPA OKce 
of Research and Development Laboratory (Dulutn MN) Tne source 
of overlying water was fmm ~ a k e  Supenor 



Table 17.2 	 Partlclpants in 1993 Round-robln Studles' 

Chlronomus tenfans Hyalella azfeca 

96-h 96-h 10-d 96-h 10-d 
KC1 KC1 Sediment KC1 Sediment 

Taat Test Test Test Test 
Laboratory Dec 92 May 93 May 93 Oct 92 Mar 93 

A Y N N Y N 

B Y Y Y Y Y 

I Y = Laboratory participated in testing sediment samples. 
* Test in January 1993. 

3 Participated using C. riparks only. 

' Did not intend to participate with C. tentans. 


17.5.2.2 In the second series of round-robin tests con- 
ducted in 199611997, 10-d and long-term toxicity testing 
methods were evaluated with Hyalella azteca and 
Chironomus tentans. Results from these interlaboratory 
comparisons conducted in 199611997 are presented in 
detail in Sections 17.5.3 and 17.6. The second series of 
interlaboratory comparisons conducted in 199611 997 did 
not restrict testing to laboratories with experience. As in 
1993, the participants in the 199611997 round-robin study 
included government, contract, and academic laborato- 
ries. In the 199611997 study, no water-only reference- 
toxicity tests were conducted. 

17.5.2.3 Ten laboratories participated in the H. azteca 
reference-toxicity test in the 1993 study (Table 17.2). The 
results from the tests with KC1 are summarized in Table 
17.3. The test performance criteria of 580% control sur- 
vival was met by 90% of the laboratories resulting in a 
mean control survival of 98.8% (CV = 2.1%). The mean 
LC50 was 305 mglL (CV = 14.2%) and the LC50s ranged 
from 232 to 372 mglL KCI. -

17.5.2.4 in the 10-d whole-sedimenttests with H. aZteCa, . 

nine laboratories tested the three sediments described 
above and five laboratories tested a fourth sediment from 
a heavily contaminated site in the 1993 study (Table 
17.4). All laboratories completed the tests; however, Labo- 
ratory C had 75% suwival, which was below the accept- 

Table 17.3 	 Interlaboratory Preclslon for Hyalella azteCa 96-h 
LC50s from Water-only Static Acute Toxicity 
Tests Using a Reference Toxicant (KCI) 
(October 1992) 

KC1 Percent 
LC50 Confidence Interv& Control 

Laboratory (mg/L) Lower Upper Survival 

A 	 372 352 395 100 

B 	 321 294 350 98 

N 10 
Mean 1 289.03 
CV 1 23.0%' 

N 9 
Mean 2 305.0' 
CV 2 14.2%' 

' Laboratory did not participate in H. azteca test in October. 
Results are from a retest in January Using three concentrations only: 
results excluded from analysis. 
Mean 1 and CV 1 include all data points 
Mean 2 and CV 2 exclude data points for all sediment samples from 
laboratories that did not meet minimum wntrol survival of 280%. 

able test criteria for survival (Table 11.3). For these tests, 
the CV was calculated using the mean percent survival 
for the eight laboratories that met the performance criteria 
for the test. The CV for survival in the control sediment 
(RR 3) was 5.8% with a mean survival of 94.5% and 
survival ranging from 86% to 100%. For sediments RR 2 
and RR4. the mean survival was 3.3% and 4.3%, respec- 
tivelv (Table 17.4). For RR 2, survival ranged from 0% to 
2 4 % ( ~ ~= 253%') and for RR 4, the suwiial ranged from 
0% to 11% (CV = 114%). Survival in the moderately 
contaminated sediment (RR 1)was 54.2% with survival 
ranging from 23% to 76% (CV = 38.9%). When the RR 1 
data for each laboratory were compared to the control for 
that laboratory, the range for the minimum detectable 
difference (MDD) between the test sediments and the 
control sediment ranged from 5 to 24% with a mean of 
I l%(SD=6) .  

17.5.2.5 The Phase 1 C. tentans reference-toxicity test 
was conducted with KC1 on two occasions in the 1993 
stu& (Tables 17.5 and 17.6). Both tests were conducted 
in 26 ; n ~of test solution i;l 30-mL beakers using 10 
replicates per treatment with 1 organism per beaker. 
Animals were fed 0.25 mL of a 4 g/L solution of Tetrafin@ 
on Day 0 and Day 2 (Table 9.1). For the first reference- 
toxicity test comparison, 10 laboratories participated, and 
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Table 17.4 Interlaboratory Preclslon for Sulvlval of Hyalella azteca in 10-d Wholcsedlment Toxklty Testa Uslng Four 
Sediments (March 1993) 

Mean Percent Survival (SD) in Sediment Samples 

Laboratow RR 1 RR 2 RR 3 (Control) RR 4 

N 9 
Mean 1" 54.6 
CV 1 36.2% 

N 8 8 8 4 
Mean 2' 54.2 3.3 94.5 4.3 
CV 2 38.9% 253% 5.8% 114% 

' Laboratory did not participate in H. azleca test in March. 

Survival in control sediment (RR 3) below minimum acceptable level. 

Mean 1 and CV 1 include all data points. 
' Mean 2 and CV 2 exclude data points for all sediment samples from laboratories that did not meet minimum control survival of 280%. 

eight laboratories met the survival criteria of the round 
robin, which was 280% survival (Table 17.5). The mean 
LC50 for the eight laboratories that met the survival 
criterion was 4.25 glL (CV of 51.8%). The LC50s ranged 
from 1.25 to 6.83 glL. Length and instar were determined 
for a subset of organisms at the start of the tests for some 
of the laboratories. When length was correlated with the 
LC50, the larger animals w&e less sensitive than the 
smaller animals. The effect level was significantly corre- 
lated (r2 = 0.78) with the organism size, which ranged from 
1.56 mm to 10:87 mm (ages of animals ranged f;om 7- to 
13-d wost-dewosition). The maioritvof these animals were 
the third insiar, with the smalleit animals in their first 
instar and the largest animals a mix of third and fourth 
instar (Table 17.5) as determined by head capsule width. 

17.5.2.6 For the second Phase 1 KC1 reference-toxicity 
tests with C. tentans, seven laboratories participated in 
the 1993 study (Table 17.6). The test conditions were 
identical to those in the previous reference-toxicity test 
except that a minimum size was specified rather than 
using initial age of the animals. Each laboratory was 
instructed to start the test when larvae were at least 0.4 to 
0.6 mm long. Therefore, a more consistent size of test 
organisms was used in this test. Six out of the seven 
laboratories met the 580% control survival criterion with a 
mean LC50 of 5.37 glL (CV = 19.6%). The LC50s ranged 
from 3.61 to 6.65 g/L. 

17.5.2.7 Eight laboratories participated in the 10-d whole- 
sediment testing with C. tentans. The same three sedi- 
ments used in the H. azteca whole-sediment test were 
used for this test in the 1993 study (Table 17.7). All test 
conditions were those as described in Table 12.1 with the 
exception of the feeding rate of 1.0 mL rather than 1.5 mL 
for C. tentans. Three laboratories did not meet the control 
criteria for acceptable tests of 270% survival in the con- 
trol (RR 3) sediment (Table 12.3). For the five laboratories 
that successfully comoleted the tests, the mean survival 
in the control sedimerit (RR 3) was 92.0% (CV of 8.3%) 
and survival ranaed from 81.2% to 98.8%. For the RR 2-
sediment sampk, the mean survival among the five 
laboratories was 3.0% (CV = 181%) and for the RR 1 
sediment sample. the mean survival was 86.8% 
(CV = 13.5%). A significant effect on survival was not 
evident for the RR 1 sample, but growth was affected 
(Table 17.8). When the RR 1 data for each laboratory were 
compared to the control for that laboratory, the MDDfor 
survival among laboratories ranged from 2.3 to 12.1% 
with a mean of 8% (SD = 4). 

17.5.2.8 For C. tentans, growth in 10-d tests is a sensi- 
tive indicator of sediment toxicity (Ankley et at., 1993) 
and growth was also measured in the round-robin com- 
parison in the 1993 study (Table 17.8). Using the data 
from five laboratories with acceptable control survival in 
the control sediment (RR 3), the mean weight of C. 
tentans for the control sediment (RR 3) was 1.254 mg (CV 



Table 17.5 	 lnterlaboratory Prsclslon for Chlmnomus tentans 96-h LC508 from Water-only Statlc Acute Toxlcity Tests Uslng a 
Reference Toxicant (KCi) (December 1992) 

lnstar Age at 
KC1 	 Control Mean at Start 

Labora- LC50 Confidence Interval Survival Length Start of Test 
tory (g/L) Lower Upper (%) imm) of Test (day) 

A 6.19 5.37 7.13 75' 10.87 3.4 I 
B 6.83 6.38 7.31 100 10.43 3 13 
C 5.00 4.16 6.01 100 5.78 3 11 
D 3.17 2.29 4.40 100 5.86 3 11 
E 2.00' 3 - 80 6.07 3 11 
F 1.25 -3 - 80 1.56 1 12 
G 6.28 5.26 7.50 95 7.84 3 I 1  
H 2.89 2.39 3.50 95 6.07 3 7 
i 6.66 6.01 7.24 100 -4 -4 10 
J 1.77 0.59 5.26 65' 4.42 2.3 7 

N 	 10 
Mean 1" 4.20 
CV 1 	 52.7% 

N 8 
Mean 2O 4.25 
CV 2 	 51.8% 

' Control survival below minimum acceptable level. 
Unable to calculate LC50with trimmed Spearman Karber; no confidence interval could be calculated 
Confidence Intervals cannot be calculated as no Dartial mortalities occurred. 
No animals were measured. 
Mean 1 and CV 1 include all data points. 
Mean 2 and CV 2 exclude data points for all samples from laboratories that did not meet minimum control survival of 28080% 

Table 17.6 	 lnterlaboratory Precislon for Chlmnomus tenlans 96-h LC5Os from Water-only Static Acute Toxicity Tests Uslng a 
Reference Toxlcant (KCI) (May 1993) 

Age at 
KCi Control Start 

Labora- LC50 ConRdence Interval Survival of Test 
tory (g/L) Lower upper (%I (day) 

-
N 7 7 7 
Mean I' 5.36 89 11.1 
CV 1 17.9% 17.5% 9.46% 

N 6 6 6 
Mean 2 5.37 94.7 11.2 
CV 2 19.6% 4.8% 9.13% 

' Did not participate in reference-toxicity test in April. 
Confidence intervals cannot be calculated as no partial mortalities occurred. 
Control survival below minimum acceptable level. 

' Mean 1 and CV 1 include all data points. 
Mean 2 and CV 2 exclude data points for all samples from laboratories that did not meet minimum control survival of 270%. 



Table 17.7 Interlaboratory Precislon for Survlval of Chlronomus tentens In 10-d Whole-sedlment Toxicity Tests Using Three 
Sediments (May 1993) 

Mean Percent Survival (SD) in Sediment Samples 

Laboratorv RR 1 RR 2 RR 3 1Controll 

N 8 8 8 
Mean 13 74.5 1.88 79.1 
CV 1 36.7% 233% 25.1% 

N 5 5 5 
Mean 2' 86.8 3.0 92.0 
CV 2 13 5% 181% 8.3% 

' Did not participate in C. fentans test in May. 
Survival in control sediment (RR 3) below minimum acceptable level. 
Mean 1 end CV Iinclude ail data poinls. 
Mean 2 and CV 2 exclude data points for all sediment samples from laboratories that did not meet minimum control survival of 270%. 

Table 17.8 	 interlaboratory Precision for Growth of Chlmnomus tentans in 10-d Whole-sediment Toxlcity Tests Using Three 
Sediments (May 1993) 

Growth-Dry Weight in mg (SD) in Sediment Samples 

Laboratory RR I RR 2 RR 3 (Control) 

A -3 1 -7 

B 0.370 (0.090) 0 (0) 1.300 (0.060) 
C 0.8832 (0.890) O2 (0) 0.5042 (0.212) 
D 0.215' (0.052) 02 (0) 1.0702 (0.107) 
E 0.657 (0.198) 0 (0) 0.778 (0.169) 
F 0.2102 (0.120) 02 (0) 0.6102 (0.390) 
G 
H 

0.718 
-* 

(0.114) 0 
1 

(0) 1.710 
-3 

(0.250) 

I 0.639 (0.149) 0 (0) 1.300 (0.006) 
J 0.347 (0.050) 0 (0) 1.180 10.123) 

N 
Mean 1" 
cv 1 

N 5 
Mean 2' 0.546 
CV 2 31.9% 

' 
-

Did not participate in testing in May. 
Survival in control sediment (RR 3) below minimum acceptable level. 
Mean 1 and CV 1 include all data points. 

q e a n  2 and CV 2 exclude data points for all sediment samples from laboratories that did not meet minimum control survival of 270%. 



= 26.6%). The C. tentansin the moderately contaminated 
sediment (RR 1) had a mean weight of 0.546 mg (CV = 
31.9%). No growth .measurements were obtained for C. 
tentans in sediment RR 2 because of the high mortality. 
The mean minimum detectable difference for growth among 
laboratories meeting the survival pelformance criteria was 
11% (SD = 5) and the MDD ranged from 4.8 to 23.6% 
when the RR 1 data were compared to the RR 3 data. 

17.5.3 	interlaboratory Precision: I99611997 

Evaluation of 104 Sediment Tests 


17.5.3.1 The 1996A997 Preclslon Evaluation: 10-d 
Whole-sediment Toxicity Testlng. The results of the 10- 
d toxicitv interlabOrat0~ com~arisonsconducted in 19961 
1997 a& presented in fables 17.9 to 17.12. A total of 18 
laboratories participated in the 199611997 study; however, 
not all samples were tested by all laboratories. 
Laboratories performed the tests during a specified time 
period and followed methods outlined in Tables 11.1 and 
12.1. Field samples were pretested to identify moderately 
toxic samples. Samples were prepared and subsampled 
at one time to increase consistency among the 
subsamples. Samples were shipped to the testing 
laboratories by express ma:l. ~aboratories used their own 
water supplies and were asked to use moderately hard 
water (hardness about 100 mg/L as CaCOJ. The foliowing 
samples were evaluated in the 1 0 4  toxicity tests: a field 
control sediment from West Bearskin Lake, MN (WB), a 
formulated sediment (FS, formulated with alpha-cellulose; 
Kemble et al., 1999), two contaminated sediments (Little 
Scioto River, OH (LS); Defoe Creek site, Keweenaw, MI 
(DC)), and FS spiked with three concentrations of 
cadmium (0.3, 1 .O, and 3.0 mglkg Cd). The LS sample was 
primarily contaminated with polycyclic aromatic 
hydrocarbons and the DC sample was primarily 
contaminated with comer. Some laboratories did not 
conduct tests on all samples due to logistical constraints. 
In addition, ash-free d~ weight IAFDW) was not measured 
by laboratories which. did not'have access to a muffle 
furnace. 

17.5.3.2 The 1996/1997Precision Evaluatlon -Hyalella 
azteca. Eighteen laboratories participated in the 19961 
1997 H. azteca 10-d comparison (Table 17.9). A total of 
82% of the laboratories had acceptable suiival (280%) 
and for these tests the average survival (and CVI was 92% 
(CV=5%) in the WB control sediment and 89% ~cv=I~%) 
In the formulated sediment (FS). The two contaminated 
fteid sed~ments (DC. LS) were moderately toxs, with the 
mean survival of'45% ( ~ ~ = 3 8 % )  in DC sediment and 57% 
(CV=49%) in LS sediment. The mean MDDs of the two 
contaminated samples for all laboratories relative to the 
WBcontrol sediment were low (14% for both the DCand the 
LS sediments). The range of MDDs relative to the WB 
control sediment among ill laboratories was 8 to 23% lor 
the DC sediment and 2 to 22% forthe LS sediment. Adose 
response effect was observed with the Cd-spiked 
formulated sediments. Moderate toxicity was observed in 
the 1 mglkg Cd sample with a mean survival of 49% 
(CV=40%). The mean MDD and range for the 1 mglkg Cd 
sample for all laboratories was 16% (5.7 to 26%). It is 

apparent from the MDDs that some laboratories had low 
variability while others had only moderate levels of 
variability. 

17.5.3.3 The 199W1997 Precislon Evaluation -
Chironomus tentans. Eighteen laboratories participated 
in the I99611997 C. tentans 10-d survival and growth 
comparison (Table 17.10) with the same samples used in 
the toxicity test as described above. A total of 15 
laboratories (89%) had acceptable survival (570%), and for 
these tests, the mean survival was 69% (CV=9.4%) in the 
WB control sediment and 88% (CV=10.2%) in the 
formulated sediment (FS). The two contaminated field 
sediments were only slightly toxic to the midge (mean 
survival of 80% (CV=16W for the DC sediment and 71% 
(CV=33%) for LS sediment). The mean MDDs relative to 
the WB control sediment, across all laboratories for the two 
contaminated samples were low (12xforthe DC sediment 
and 11% for LC sediment). The range of MDDs relative to 
the WB control sediment among laboratories were 8.1 to 
22% for the DC sediment and 5.1 to 18% for LS sediment. 
No toxicity was observed for survival in the cadmium tests. 
The mean survival of midge in the 1 mgfkg Cd treatment 
was 92% (CV=5.6%). The mean MDD and range for the 1 
mglkg Cd sample was 12% (6.9 to 30%). It is apparent from 
the MDDs that some laboratories had low variabil'tv while 
others had slightly lower variability. 

17.5.3.4 Growth of C. tentans was evaluated by up to 16 
laboratories in 199611 997, depending on the sample and 
whether or not they had capabilities to determine AFDW. 
For dry weight analyses. 12 of 15 laboratories had 
acceptable dry weight (20.6 mglindividual) and survival 
>70% in the WB control sediment. while 12 of 15 of the 
laboratories had acceptable dry weight and survival in the 
formulated sediment IFS: Table 17.1 1 ). For AFDW. 7 ol 1 1 
laboratories had acceptable weirrht ($0.48 rnalindividual) 
and survival >70% in 'WB control sediment ((ela control) 
1WB) and 7 of 11 laboratories reooned aCCeDlable we;aht in 
ihe iormulated sediment (FSI Table 17:12). FO; the 
midges, the mean dry weight was 1.39 mglorganism 
(CV=33%) in the WB control sediment and 1.50 mgl 
organism (CV=31%) in the formulated sediment (FS) for 
laboratories that met the control survival in WE control 
sediment. For AFDW, mean AFDW was 0.92 mglorganism 
(CV=30%) in the WB control sediment and 1.161 mgl 
organism (CV=33%) in the formulated sediment (FS). 
Exposure to the contaminated DC sediment reduced the 
weight of the midge (mean weight of 0.49 mglorganism 
(CV=60%) asdry weight, while the mean weight of 0.24 mgl 
organism (CV=45%) was determined for the AFDW), yet 
exposure to LS sediment did not reduce weight of midges 
(1.45 mg dry weight (CV=45%); 0.86 mg AFDW 
(CV=27%)). The mean MDDs relative to WB control 
sediment, across all laboratories for the two contaminated 
samples, were low (0.17 mglorganism dty weight forthe DC 
sediment and 0.28 mg dry weight for LS sediment). The 
range of MDDs among laboratories for dry weight was 0.04 
to 0.53 mg/organism for DC sediment and 0.09 to 1.04 mgl 
organism for LS sediment. The AFDW data exhibited a 
similar pattern. Mean MDD as AFDW was 0.12 mg for the 
DC sediment and 0.16 mg for the LS sediment. The range 



Table 17.9 Interlaboratory Precision for Survival(%) of Hyalellaaz&ca in 1W Wholesediment Toxicity T e a  (199611997) 

Mean Percent Survival (SD) inSediment Samples and Cd-spiked Control Sediment 

Sediment Cadmium -FS Spikes (mglkg) 
Laboratory WB DC LS FS 02Xd 1Cd 5Cd 

A 71' (23.0) 0' W 40' (37.8) NT NT NT 
B 75' (24.5) 4(r (27.5) 84' (30.7) 90. (7.6) NT NT NT 
C NT NT NT NT 95' (5.8) 90' (14.1) 7Sc (9.6) OI 
E 85 (15.1) 31 (19.6) 71 (34.4) 83 (1 4.9) 68 (9.6) 83 (9.6) 3 (5.0) 
F 94 (52) 31 (18.1) 19 (16.4) 60 (20.0) 40 (8.2) 28 (5.0) 3 (5.0) 
G 83 (15.8) 38 (15.8) 28 (128) 90 (93) NT NT NT 
H 95 (7.6) 61 (19.6) 64 (20.7) 99 (3.5) NT NT NT 
I 95 (5.4) 33 (13.8) 85 (9.3) 99 (3.5) 83 (20.6) 28 (17.1) 0 
K 95 (7.6) 79 (9.9) 94 4 100 (0) 98 (5.0) 60 (62) 0 
M 86 (17.7) 23 (21.9) 50 (22.7) 85 (16.9) 80 (14.1) 65 (192) 0 
N 91 (6.4) 48 (10.4) 29 (23.6) 85 (14.1) 100 (0) 70 (82) 3 (5.0) 

A 

N 
o 

0 
P 

91 
68 

(8.4) 
(7.1) 

50 
56 

(14.1) 
(27.2) 

74 
60 

(10.6) 
(27.3) 

95 
85 

(5.4) 
(10.7) 

78 
83 

(222) 
(162) 

55 
48 

(26.5) 
(162) 

0 
0 

Q 91 (8.4) 20 (16.0) &1 (22.0) 96 (52) 98 (5.0) 23 (28.7) 0 
S 68' (17.5) 34' (24.5) SO' (23.9) 70. (25.1) NT M KT 
U 94 (7.4) 60 (30.2) 63 (21.2) 95 (5.4) 88 (12.6) 38 (15.0) 0 
V 95 (10.0) 35 (20.8) 75 (20.8) 93 (15.0) 93 (5.0) 40 (14.1) 0 
X 99 (3.5) 59 (12.5) 0 85 (15.1) NT NT M 

N-ld 17 17 16 17 11 11 11 
Mean-I 88 42 60 85 83 49 1 
SD-1 9.1 18.9 27.4 15.7 172 19.4 1.4 
CV-1 10.3 45.6 45.7 18.4 20.9 39.7 1713 
N-2' 14 14 14 14 11 11 11 

Mean- 2 92 45 57 89 83 49 1 
SD- 2 4.6 17.1 27.9 10.4 17.2 19.4 1.4 

h) CV-2 5.0 38.3 49.1 11.6 20.9 39.7 171.3 

W 
ul 

' Control survival below acceptable level of 80% in WB sediment 
NT = not tested. 

tJ 
4 * 

* 

Not included in any mean as WB control sediment was not tested. 
N-I, Mean-I, SD-1 and CV-I include all data (except Laboratoly C) whelher control me1 acceptable limits or not in WB sediment. 
N-2, Mean-2. SD-2 and CV-2 include only data for sediment samples from laboralories hat met the control performance acceptability criteria in WB sediment 





Table 17.11 Interlaboratory Precision for Growth (mglndividual dry weight) of Chironomus tentans in 1 0 4  Whole-sediment Toxicity Tests (1996/l997) 

Laboratory WB 

Mean Growth as Dry Weight (SD) in Sediment Samples and Cd-Spiked Control Sediment 

Sediment 
DC LS FS 

Cadmium -FS Spikes (mglkg) 
0.34% 1-Cd 3Cd 

NT = not tested. 

' 
Not included in any mean as W8 control sediment was nottested. 

h) 	 Control survival below acceptable level of 70% in WB sediment. 

W 	 Control weight below acceptable level of 0.60 mglorganism in WB sediment. 
N-1. Mean-1, SD-1 and CV-I include ail data (except Laboratory C) whether control met acceptable limits or not in WB control sediment. ul ' 	N-2. Mean-2, SD-2and CV-2 include only data for sediment samples from laboratories that met the control performance acceptabilitycriteria in WB sediment. 

N 



TaMe 17.12 interlaboratory Precision for Growth ~mgllndividuat as ash-free dry weight) of Chlmnomus tentans in 104Wholesediment Toxicity Tests (199M997) 

Mean GrwRhas Ash-free DryWeight (SD) in Sediment Samples and Cdsspiked Control Sediment 

Sediment Cadmium +S Spikes (mgkg) 
Labwatory WE DC LS FS 0 . 3 4 ~  1cd 3~ 

B 0.79 (0.03) 0.18 (0.03) 0.69 (0.07) 1.04 (0.09) w NT N-r 

C NT NT NT 020b (0.05) O.1gb (0.03) 0.23h (0.12) O.Mb (0.03) 

E 025' (0.09) 0.10' (0.03) 0.2' (0.07) O.Zc (0.06) 0.48' (0.12) 0.2P (0.08) 0.W (0.18) 

F 0.50 (0.11) 0.13 (0.12) 0.73 (0.16) 1.14 (0.39) 0.94 (0.10) 1.00 (0.31) 0.45 (024) 

I 1.35 (0.26) 0.32 (0.13) 1.16 (0.27) 1.99 (1.50) 2.01 (0.19) 1.56 (035) 1.55 (0.41) 

K 1.06 (0.09) 0.17 (0.02) NT 1.12 (0.09) NT 0.91 (0.03) NT 

L 1.07 (0.28) 0.34 (0.09) 1.13 (0.23) 1.11 (0.18) NT NT NT 

0 0.30'~ (0.05) O.OICd (0.01) 0.2Vd (0.06) 0.60'~ (0.15) 022Cd (0.03) O.lPd (0.03) 0.03* (0.01) 

P 0.36d (0.33) O2gd (0.03) 0.1Ed (0.10) 0.15~ (0.05) 0.46( (0.41) 029' (0.07) O 2 l d  (0.05) 

Q 0.76 (0.24) 0.15 (0.08) 0.78 (0.16) 0.79 (0.12) 0.74 (0.12) 0.78 (022) 0.78 (0.04)


N 
o) 	 R 0.88 (0.27) 0.40 (0.16) 0.64 (0.17) 0.94 (0.20) 0.74 (0.21) 0.86 (022) 0.46 (0.17) 

X 0.15~ (0.04) 020d (0.09) 0.4gd (021) 0.30' (0.18) NT NT NT 

N-l* 11 11 10 11 7' 8 7 

Mean-1 0.677 0.208 0.630 0.856 0.799 0.729 0.551 

S 0-1 0.39 0.12 0.35 0.53 0.58 0.47 0.50 

CV-1 58.1 56.1 54.9 61.8 73.1 64.6 902 

N-2' 7 7 6 7 4 5 4 


Mean-2 0.916 0 241 0.655 1.161 1.108 1.022 0.81 0 

SD-2 0.27 0.11 0.23 0.39 0.61 0.31 0.52 

CV-2 29 8 45.0 26.8 33.2 55.0 30.4 63.8 


NT = not tested. 
td Not included in any mean as WB control sediment was not tested. 
Ld Control weight below acceptable weight criteria of 0.48 mglorganism in WE sediment 
v1 Control survival below acceptable level of 70% in WB sediment. 
W N-1, Mean-1, SD-1 and CV-1 include all data (except Laboratory C) whether control met acceptable limits or noi in WB sediment. ' N-2. Mean-2. SD-2 and CV-2 Include only data for sediment samples from laboratories that met the ~MltrOl performance acceptability criteria in WB 

sediment 
0 



of MDDsfor AFDW across laboratories was 0.03 to 0.22 mg 
for the DC sediment and 0.04 to 0.25 mg for LS sediment. 
No toxicity relative to weightwas observed in the cadmium 
tests. The mean dly weight of midge in the 1 mgkg Cd 
treatment was 1.76 mglorganism (CV=32%). The mean 
MDD and range for the 1 mgikg Cd sample was 0.26 mg/ 
organism (0.09 to 0.57). The AFDW for the 1mglkg sample 
was 1.022 mglorganism (CV=30%) with MDDs of 0.19 mg 
(0.04 to 0.36). 

17.5.4 These round-robin tests conducted in 1993 
(Section 17.5.2) and in 199611997 (Section 17.5.3) 
exhibited similar or better precision compared to many 
chemical analyses and effluent toxicity test methods 
(USEPA, 1991a; USEPA, 1991~). The success rate for 
test initiation and completion of the USEPA's round-robin 
evaluations is a aood indication that a well ea~i00ed and 
trained staff wilibe able to successfully conduct these 
tests. This is an important consideration for any test 
performed routinely in any regulatory program. 

17.6 Precision of Sediment Toxicity Test 
Methods: Evaluation of Long-term 
Sediment Tests 

17.6.1 Interlaboratory precision evaluations ol the long- 
term H. azteca and C. tentans tests, usino the methods 
described in Sections 14and 15, were condicted by federal 
government, contract, and academic laboratories that had 
demonstrated experience in sediment toxicity testing. 
although only two'of the laboratories had prior experience 
with the long-term test methods described in this manual. 
This round-robin study was conducted in two phases: a 
Preliminary Round-robin (PRR) and a Definitive Round- 
robin (DRR). The objective of the PRR was to provide 
participating laboratories with an opportunity to become 
acquainted with the techniques necessary to conduct the 
two tests and to solicit commentary and recommendations 
regarding potential improvements for the definitive 
evaluation. Criteria for selection of oarticioants in both 
phases were that the laboratories: (1) had existing cultures 
of the test oraanisms. (2) had ex~erience conductino 10-d 
tests with t i e  organ'isms, and (3) would partkpate 
voluntarily. Methods for conducting toxicity tests were 
similar among laboratories, and each laboratory was 
supplied with detailed operating procedures outlining these 
methods. Methods for culturing were not specified and 
were not identical across laboratories (as long as each 
laboratory started with the appropriate age test oFganisms). 
The PRR (phase 1) included the WB control sediment 
(West Bearskin, MN; WB) and the formulated sediment 
(FS) in which alpha-cellulose represented the primary 
carbonsource (Kembleet al., 1999;Table 17.13). The DRR 
(phase 2) also included a copper-contaminated sediment 
from Cole Creek. Keweenaw, MI (CC), and a PAH-
contaminated sediment from the Little Scioto River, OH 
(LS). In addition to the WB control sediment and the FS 
sediment described above, an additional sediment, in 
which peat (PE) represented the primary carbon source. 
was also tested (Table 17.13). 

17.6.2 Twelve laboratories participated In the PRR with H. 
azteca. In these tests, 100% of laboratories passed the 
acceptability criterion for survival (280%) in the WBcontrol 
sediment at 28 d (Table 17.14) with survival ranges of 83 
to 96% at 28 d, 71 to 93% at 35 d and 63 to 92% at 42 d. 
In the formulated sediment (FS), 80% of the laboratories 
met the survival criterion at 28 d (range: 47 to 98%). 
Survival ranges in FS sediment at 35 d were 48 to 96% and 
at 42 d the survival ranges were 46 to 98%. For growth 
measured as length in the WB sediment, 92% of the 
laboratories reported the mean length of the organisms to 
be 23.2 mm at 28 d (range: 3.07 to 5.64 mm). For the FS 
sediment, 100% of the kboratories reported length 23.2 
mm with lengths ranging from 3.54 to 5.44 mm. For growth 
measured as dry weight, >66% of the laboratories met the 
minimum weight criterion (20.15 mglorganism) in WB 
iranae: 0.10 to 1.16 mdindividual). In the FS samoles. 
i00' of the laboratorks met this growth criterion,'with 
weight rangesfrom 0.15 to0.90 mglindividual. The criterion 
for reproductive output for H.azteca(22younglfemaie) was 
met by 78% of laboratories in the WB (range: 0 to27 young/ 
female). In the FS samples, 89% of the laboratories met 
the reproductive requlrement with ranges of 0.62 to 22 
youngfiemale. 

17.6.3 Ten laboratories participated in the PRR with C. 
tentans. In these tests, 90% of laboratories passed the 
acceptability criterion for survival at 20 d (270%) in WB 
(range: 67 to 96%; Table 17.14), and in the FS sediment, 
60% of the laboratories met the acceptability criterion 
(range: 42 to 83%). For growth measured as dry weight, 
100% of laboratories passed the criterion (20.6 mg/ 
individual) in WB (range: 1.45 to 3.78 mglindividual). For 
the FS samples, 66% of the laboratories passed the 
criterion (range: 0.50 to 3.40 mglindividual). For growth as 
AFDW, 100% of the laboratories passed the criterion of 
20.48 mg in the WB (range: 0.86 to 3.22 mglindividual) 
(Table 17.14). In the FS sediment. 68% of the laboratories 
met the growth criterion (as dry weight) with ranges of 
weights from 0.42 to 2.72 mglindividual. The criterion for 
emergence (250%) was met by 70% of the laboratories in 
WB sediment. In the FS, 50% of the laboratories met the 
emergence criterion. The criterion for reproductive output 
in C. tentans (2800 eggslfemale) was exceeded by 90% of 
laboratories in WB control sediment (range: 504 to 1240 
eggdfemale). In FS, 86% of laboratories met this criterion 
in the FS (range: 0 to 1244 eggslfemale). The suggested 
criterion for percent hatch (280%) was met by 88% of 
laboratories in WB (range: 0 to 98°/0), and in FS, 67% of 
laboratories (range: 0 to 98.7%). 

17.6.4 In both the H. azteca and C. tentans tests, the 
results of the PRR demonstrated that the majority of 
laboratories met the acceptability criteria for those 
endpoints for which criteria had been established (e.g., 
survival and growth). The highest proportion of failures in 
the midge test occurred with post-pupation endpoints 
(emergence, percent hatch) and may reflect the fact that 
the criteria developed for these endpoints are based on 
evaluations conducted at a single laboratory (Sibley et al., 
1996; Sibley et al.. 199713; Benoit et al., 1997). In the PRR, 
some laboratories experienced unacceptably low oxygen 



Table 17.13 Physical Characteristics of the Sediments Used in the Preliminary and Definitive Round-robin Evaluations of Long- 
term Methods for Sediment Toxicity Testing (Section 17.6). 

Total Particle Size (sh) 

Sediment Organic Water Sediment Type 

Carbon (%) Content Send clay silt 

FS" (a high sandnow TOC) 2.2 31 74 16 11 Sandy Loam 

WB 3.3 31 74 16 10 Sandy Loam 

PE 10 ND' ND ND ND Clay 

ND = not detenlned 

Table 17.14 Percentage of Laboratories Meeting Performance Levels for the Following Endpoints In the WB Control Sediment 
Evaluated in the Long-term Round-robin Tests. 

Performance Level Preliminary Round Deflnltive Round 

Hvalellaazfeca 

284 survival 2 80% 100 88 

28-4 growth 2 3.2 mm length 92 71 

28-6 growth 20.15 mg dry weight 66 88 

28- to 42-4 reproduction (2 2youn~lfemale) 78 71 

Ch~ronomustenfang 

20-d survival >70% 90 63 

20-6 growth 20.6 mg (dq welght) 100 63 

20-4 growth 20.48 mg (ash-free dry weight) 100 67 

Emergence 250% 70 50 

Number of eggstegg case > 800 90 63 

Percentage hatch ~80% 88 57 



- - 

Table 17.15 	 Interlaboratory Comparlson of Day 28 Percent Suwlval (Mean iSD) of H. ezteca Ina Long-termSediment 
Exposure Uslng Flva Sediments (We = West Beankln.CC = Cole Cresk, LS = Llule Seloto Rlver, FS . 
FormulatedSedlmed (usingalpha-celluloseas organlc carbon source), and PE = Formulated Sediment (uslng 
peat moss as organic carbn source)). 

Sedfment 

Laboratow wa cc 	 Ls FS PE 

E 100 (0) 97 (4.9) 94 (6.7) 94 (7.9) NT ' 

F 6Zb (33.0) 84' (21.1) 90' (20.9) 38' (35.2) 93b (23.0) 

H 93 (9.6) 85 15.8) 98 (5.0) NT 68 (37.8) 

K 85 (10.0) 98 (4.5) 96 (6.7) NT NT 

L 83 (12.2) 88 18.7) 84 (12.4) 78 (14.2) 54 (40 6)

N 89 (16.8) 92 (8.4) 91 (5.7) NT NT 

0 98 (5.0) 93 (9.6) 80 (27.1) 90 (14.4) 88 (96)

U 100 (0) 100 (0) 98 (5.0) NT NT 

X NT NT NT 83* (10 7) 93' (7.5) 


N-1" 6 6 	 8 4 4 
Mean-1 90 92 91 75 75 
SO-1 12.8 6.0 6.4 25.6 17.8 

CV (%).I 14.3 6.5 7.0 34.6 23.6 
N-2' 7 7 7 3 3 

Mean-2 94 93 91 87 70 
SO-2 6.4 5.5 6.9 8.7 16.8 

CV 1%)- 2 6.8 5.9 7.5 9.9 24.1 

' 	NT = not tested 

' 	
Control survival below acceptable level 0180% in We sediment. 

Not IncludedIn any mean as WB control sediment was nottested 

N-1,Mean-1.SO-l and CV-1 Include all data (except Laboratoryx)whether mnlrolme1acceptablelimits or 

not In WB sediment.


' N-2, Mean<, SD.2 and CV-2 Include only data for sedlment samples from laboratodes that met the 28-d 

control performanceacceptablllty Crlteria in WB sediment. 


levels during evaluation of the C. tentans test which was that met the 28-d survival criterion and the growth criterion, 
attributed to high feeding rates. To address this issue, the the mean growth (measured as length) of H. azteca at 28 
feeding rate fortha DRRof the C. tentanstest was reduced d was4.17 mm (CV=12.4%) in WE, 3.51 mm (CV=22.6%) 
from 1.5 to 1.0 m u d  of Tetrafin. in the FS and3.24 mm (CV=36.6%) in the PE (Table 17.16). 

For growth measured'as dry wight  for the WB control 
17.6.5 In total. eiaht laboratories ~art ic i~ated sediment. 88% of the laboratories met the weiaht criterion in the DRR 
with H. aztecaf however all laboiatorie's did not test all of 20.15' mglindividual when acceptable 2 i -d control 
sedments. Mean survival for those laboratories that met survival was reported a able 17.19) he mean growth of H. 
the control survival test acceptabilitv criteria at 28 d in the azteca lmaAndividual dlv weiaht) in each samole where 28- 
WB control sediment was 94% (~i=6.8%).  In FS, the d control survival andSgroGh'was met was: 0.25 mg 
mean survival was 87% (CV=9.9%), and in the PE it was (CV=27.8%) in WE, 0.30 mg (CV=68.6%) in FS, and 0.18 
70% (CV=24%; Tabla 17.15). Mean survival at 35 d with ma (CV=34.0%: Table 17.19) in PE. For the WB control 
laboratories that met the z8Ck control survival criterion at sebiment, 71% of the laboratories met the reproduction 
28d was asfollows: WE had 92% survival (CV=7.2%), FS criteria (22younglfemale) when acceptable 28-4 control 
had 88% surv;val (CV=15.1%) and PE had survival 0163% survival was reported (Table 17.14). The mean 
(CV=34.0%; Tabla 17.16). ~ e a nsurvival at 42 d with reproduction from28 to 42'6 for laboratories that met both 
laboratories that met the 260% 28-d control survival the reproduction criteria and 28-6 survival criteria was -... 3.13

~ ~~ ~ ~~~~-

criterion wasasfollows: WE had92%su~ival(~~=7.4%),young/female ( ~ ~ = 4 8 . 9 % )  For the FS, only one for WB. 
FS had 84% survival (CV=14.1%) and PE had 60% laboratory that had acceptable survival in WB control 
survival (CV=38.2% with 3 laboratories; Table 17.1 6). At sediment at 28 d also had acceptable reproduction at 42 d, 
28 d, 88% of the laboratories met the control survival with a mean of 2.3 younglfemale. Fortha PE sediment, the 
criteria in the WB control sediment (Table 17.14). When only laboratory that had acceptable survival did not have 
acceptable 28-d control survival was reported in WB acceptable young production, as only 0.08 younglfemale 
sediment, 71% of the laboratories met the length criterion were obtained (Table 17.20). 
(23.2 mm) for H.azteca (Table 17.14). Forthose laboratories 



-- 

Table 17.16 	 InterlaboratoryComparison of Day 35 Percenl Suwlval(Mean t SD) of H azteca In e Long-term Sediment 
Exponure Ualng FlveSedlmenls (WE = West Bearskin,CC = Cole Creek. LS n LlUIe Scloto Rlver,FS = 
Formulated Sediment luslng alphazellulose as organic carbon source), and PE =Formulated Sedlment (using 
pest moss as organlc carbon source)). 

Sediment 

Lsborstorv we cc Ls FS PE 

E 98 (7.1) 96 (5.2) 96 15 21 98 (4 61 NT' 

SO-I 9.8 8.9 4.9 21.0 30.0 
cv (%)I 11.0 10.0 5.6 30.4 40.1 

' 	 NT = not tested 
Control survival below acceptable level of 80% InWE ssdiment a126 d. 
Not included In any mean as WE controlsedlment was not tested. 
N-1, Mean.1, SD1 and CV (%)-I includeall dam (except Laboratory X) whether conlml met acceptable llmlls 
or not In WB sediment.

' N-2. M e a d .  SO-2 and CV.2 include only data for sedlmenl samples from laboratoriesthat metlhe 26.6 

control survival performanceacceplabltlty criteria in WE sediment. 


17.6.6 Overall, nine laboratories patticipated in the DRR 
with C. tentans but not all laboratories tested all sediments. 
Mean survival (with CV in parentheses) for those 
laboratories that met the control criterion of 280% survival 
at 20 d was 65% (CV=5%) for WB sediment. In addition, 
mean su~vival at 26d, in the FS was 86% (CV=14 4%) and. 
in the PE sediment was 75% (CV=13.9%) (Table 17.21). 
In total. 63% of the laboratories met the acceptability 
criterion tor survival (270%) for the WB control sediment 
in the C. tentans test te able 17.14). For laboratories 
reporting dry weights, the mean growth of C.tentansat 20 
d (criterion of 20.60 mgtindividual dry weight and 270% 
survival) was 1.45 mg (CV=58.6%) for WB sediment. In 
addition, mean growth (as dry weight) was 1.63 mgl 
individual (CV=20.9%) for the FS and 1.43 mgfindividual 
(CV=47.9%) for the PE sediment (Table 17.22). For 
laboratories reporting weights as AFDW, the mean growth 
of C. tentansat 20 d (criterion of 20.48 mghndividual AFDW 
and 270% survival) was 0.81 mg (CV=53.3%) for WB, 1.05 
mglindividual (CV=18.1%) for FS, and 0.64 mglindividual 
(CV=12.7%)for PE (Table 17.23). Forgrowthasdryweight 

in the WB control sediment, 63% of the laboratories met the 
acceptability criterion for survival and growth (as dry 
weight) in the C. tentanstest, while for AFDW, 67% of the 
laboratories met the test acceptability criterion of 20.48 
mg/AFDW per individual (Table 17.14). Mean percent 
emergence for those laboratories that met the emergence 
criterion of 250% reported emergence in WB control 
sediment as 69.8% (CV=29.5%). In addition, mean 
emergence was 50.5% in FS (CV=68.6%) and 55.8% in PE 
(CV=30.3%) sediment (Table 17.24). In total 50% of the 
laboratories met the acceptability criterion for both 20-6 
sulvival and emergence in the WB control sediment (Table 
17.14). The success rate forthe number of eggstcase and 
the control survival criterion was 63% in WB. Mean number 
of eggsfiemale was 11 16 eggslcase (CV=15.0%) in WB. 
The FS and PE sediments had 1024 eggslcase 
(CV=30.4%) and 867eggslcase (CV=29.3%), respectively 
(Table 17.25). The mean percent hatch for laboratories with 
acceptable control survival and acceptable number of 
eggstcase was 90% (CV=10.8%) for WB control sediment 
(Table17.26), and 57% of the laboratories that tested these 



Table 17.17 lntsrlaboratoryComparison of Oay 42 PercentSwvlval(Mean + SD)ol H. azlecsln a Long-termSediment 
ExposureUsing Flve SsdlmenN(WB = West Bearskin, CC = Cole Creek. LSILlttle Scloto River, FS 
FormulatedSedlment (usingalpha-celbloseas organiccarbonSource),and PE = FormulatedSedlment luslna. " 
peat mossas organic carbonsource)). 

Sediment 

Laboratorv WB CC LS FS PE 

NT s not lesled 
Control survival below acceptable level 0180% in WB sediment at 28 d. 

V o t  IncludedInany mean as WE control sediment was no1tested. 
N-1, Mean-1,SD1 and CV (%)-1Includeall dala (except LaboratoryX) whether controlmet acceptable llmlts 
or not in WE sediment. 
N.2, Mean-2,SO-2and CV (%)-2Includeonlydata for sediment samples from laboratoriesthat met the 
26-dcontrol survival performanceacceptabilbly crlieria InWE sediment. 

sediments met the test acceptability criteria for 
hatchability. 

17.6.7 In total, the proportionof laboratories that met the 
various endpointcriteria inWB controlsedimentinthe DRR 
was higher for H. azteca than it was for C. tentans. The 
most likely reasonforthe lowersuccess with C. tentansin 
the DRR was the reduction in feedingrate (from 1.5 to 1.0 
ml of Tetrafinlbeakerld)relative to the PRR. In the PRR 

LS sediment was 40% (CV=82.6°h; Table 17.21). The 
growth of H. azteca in LS sediment resulted in a mean 
length of 4.37 mm (CV=10.1%; Table 17.18) and a mean 
dry weight of 0.31 mglindividual (CV=38.2%; Table 17.19). 
Mean growth of C. tentans in LS was 1.72 mgfindividual 
(CV=66.2%) as dry weight (Table 17.22) and 2.31 mgl 
individual (CV=59.1%) as AFDW (Table 17.23). For both 
species, all growth endpoints were highest for LS relative 
to the other sediments evaluated, except for H. aztecadry 

with C. tentans, the proporlionof laboratories meetingthe weight which had a comparable mean as the other four 
various endpoint criteria was generally higher (see Table sediments. The mean proportion of C. tentans larvae 
17.14), particularlyfor~ost -~u~at ionend~oints(emeraence, emerging from LS was 35.7% (CV=71.2%; Table 17.24). 
reproduction, and peicent'hatch). ~heiefore,'thismanual 
recommendsthat the hlgherfeeding rate of 1.5 mllbeakerl 
d be used in long-term tests with C. tentans (Section 15). 

17.6.8 In the DRR, mean survival (CV in parentheses) of 
H. azteca in the LS sediment (contaminatedwith PAHs; 
using only values where the 28-d control sulvival criterion 
was met) was 91% (CV=7.5%) at 28 d. was 89% 
(CV=5.9%) at 35 d and 87% (CV=6.2%) at 42 d (Tables 
17.15 to 17.17). Mean survivalof C. tentansat 20 din the 

This value was roughly half of the emergence from the 
control sediments. Meanreproductiveoutput of H. azteca 
in LS sediment, for those laboratories with acceptable 
control survival, was 3.08 youngfiemale (CV of 41.0%; 
Table 17.20). The mean reproductive output of C. tentans 
in the LS sediment for laboratories that met the control 
survival criteria was 980 eggslfemale (CV=20.1°h; Table 
17.25), which was similar to the WE, FS, and PE 
sediments. Mean percent hatch of C. tentans eggs was 
94% (CV=6.5%) for the laboratoriesthat met at least 70% 
control survival (Table 17.26). 



Table 17.18. 	 lnterlaboratory Comparison of Day 28 Length (Mean mmJlndividual + SD) of H azteca ina Long-term Sedlment 
Exposure Uslng Flve Sediments (WB = West Bearskin. CC = Cole Creek. LS = Little Scfoto River. FS= Formulated 

~ ~-~,. - . -~ 
sediment (using alphazellulose as organlc carbon source), and PE = ~DrmulatedSedlment (uslng peat moss as 
organlc carbon source)). 

Laboratory WB CC LS FS PE 
E 4.15 (0.23) 4.00 (0.111 ' 4.29 (0.16) 2.96 (0.03) N T  
F 3.02'" (0.28) 4.68" (0.171 . 5.23"' (0.41) 3.70" (0.30) 5.03b.L (0.06) 
H 3.77 (0.32) 2.72 (0.14) 3.77 (0.17) NT 2.40 (0.41) 
K 4.18 (0.12) 4.39 (0.29) 4.95 (0.22) NT NT 
L 5.02 (0.11) 4.97 (0.27) 4.62 (0.40) 4.07 (0.39) 4.08 (0.64) 
N NR NU NR NU NR 
0 3.11' (0.10) 3.17' (0.18) 4.29' (0.45) 4.51' (0.46) 3.27' (0.03) 
U 3.74 (0.08) 3.99 (0.17) 4.21 (0.13) 4.21 NA NT 
X NT NT NT 3.25d (0.20) 3.35# (0.21) 

N.1' 7 7 7 5 4 

' NT = not lesled; NU = not reported: NA .:no1 applicable. 
~ o n l r o isurvival below acceptable level 0180% in WE sediment at28 d. 
' Length below acceptable level 01 3.2 mm in length in WB conlrol sediment. 
a 

' 
Not included In any mean as WB control sediment was not tested. 
N-1. Mean.1. SD1 and CV (%)-1 include all dala (excepl LaboratovX) whether control met acceptable Gmitsor not 

' in WE sediment. 
N-2. Mean.2. SD-2 and CV.2 Includeonly dala lor sediment samples from laboratories that met lhe28.d control 
Survival pelformance acceptabilily criteda in WE sediment. 

17.6.9 Across all laboratories that met the 28-d suwival 
criter;on of 280% for H. azteca, the mean suwival in the 
contaminated CC sediment sam~le was 93% (CV=5.9%) 
at 28 d. 92% (CV=7.2%) at 3'5 d, and 88% at 42 d 
(CV=7.5%; Tables 17.15 to 17.17). Mean survival of C. 
tentans at 20 d for laboratories that met the 204  control 
suwival criteria was 75% (CV=30.9%; Table 17.21). In CC 
sediment, the mean growth of H. azteca was 4.01 mm 
(CV=20.6%) as length (Table 17.18) and0.24 mglindividual 
(CV=75.2%) as dry weight (Table 17.19). Mean growth of 
C. tentans in CC sediment was 0.66 mglindividual 
(CV=66.0%) as dry weight (Table 17.22) and 0.37 mgl 
individual (CV=49.6%) as AFDW (Table 17.23). The 
growth was reduced about 50% in the CC sediment in 
comparison to the WB, FS, and PE sediments for C. 
tentans only. The mean proportion of C. fentanslawae to 
emerge from CC sediment was 38% (CV=60.5%; Table 
17.24). Similarto the LS sediment sample, this emergence 
was reduced to about half of that observed in the control 
sediments. Mean reproductive output of H. azteca in CC 
sediment, for those laboratories with acceptable 28-d 
control survival, was 1.64 younglfemale (CV=103.3%) in 

contrast to the mean lor WB of 3.13 younglfemale 
(CV=48.9%; Table 17.20). The mean reproducli~e output 
of C. tentans egos in the CC sediment for laboratories that 
met the 20-d control suwival criteria was 621 eggsliemale 
(CV=52.4%) (Table 17.25) which was the lowest egg 
production for all sediments, which averaged between 404- 
1194 eggsifemale. The mean percent hatch of C. tentans 
eggs was 69% (CV=49.5%) for the laboratories that met at 
least 70% control survival (Table 17.26); all other 
sediments had percent hatchesfor survival averaging 90 to 
94%. 

17.6.10 For the chronic H.azteca test, the mean MDD for 
sulvival relative to the WB control sediment for the CC 
sediment across all laboratories was only 7.7% (2.4 to 
19.5%) at 28 d and 12.8% (6.4 to 281.7%) at day 42. The 
MDDs for survival of amphipods were also small in the LS 
sediment: 10.8% (3.3 to 26%) at 28 d and 11.5% (5.7 to 
26%) at 42 d. The mean MDDs relative to WE3 control 
sediment were also low for the 28-d amphipod weights as 
the mean MDD for the CC sediment relative to WB control 
sediment was 0.06 mg (0.04 to 0.14 mg) and the mean MDD 



Table 17.19. 	 InterlaboratorY COfnpariSOn of Day 28 Dry Weight (Mean mgRndlvldua1 t SD) of H. arteca In a Long-term Sediment 
Exposure Using Five Sedlmenls (We=West Bearskin, CC = ColeCreek, LS = Little Scioto River, FS = Formulated 
Sedlment (using alpha.cellulose as Organic carbon source), and PE = Formulated Sedlment (using peat moss as 
arganlc carbonsource)). 

Laboratory WB CC LS FS PE 
E 0.29 (0.04) 0.23 (0.02) 0.34 (0.07) 0.12 (0.02) NT' 
F O.Otb~' (0.01) 0.49" (0.04) 0.78b,' (0.18) O.llb' (0.15) 0.73b' (0.10) 
H 0.25 (0.06) 0.10 (0) 0.20 (0) NT 0.15 (0.06) 
K 0.31 (0.04) 0.56 (0.05) 0.58 (0.09) NT NT 
L 0.36 (0.04) 0.41 (0.07) 0.32 (0.12) 0.40 (0.10) 0.24 (0.05) 
N 0.23 (0.10) 0.09 (0.03) 0.25 (0.09) NT NT 
(1 0.16 (0.04) 0.09 (0.01) 0.31 (0.09) 0.39 (0.06) 0.13 (0.01) 
U 0.19 (0.02) 0.21 (0.03) 0.27 (0.04) NT NT 
X NT NT NT 0.22' (0.17) 0.42' (0.37) 

N.1' 8 8 8 4 4 

' NT = not tested. 
Control survival below acceptable level of 80% in WB sediment a128 d. 
Weight below test acceptable criteria of 0.15 mg/organism in WB control sediment. 

'
"Not Included in any mean as WBcontrol sediment was nottested. 

N-1. Mean-I. SDt and CV include all data (except Laborator/ X) whether control met acceptable limits or (%/.)-I 

' not In WB sediment. 
N.2, Mean.2, SO-2 and CV.2 include only data for sediment samples from laboratories that met the 28-d control 
survival performance acceplability criteria in WB sediment. 

for length was 0.26 mm (0.18 to 0.33 mm). The mean MDD sediment of 19.4% (1 1 .O to 29.3%) forthe CC sediment and 
for LSsediment for amphipod growth as weight was 0.10 24.4% (1 1.9 to 37.4%) for LS sediment. while hatch had a 
mg (0.05 to 0.16 mg) and length of 0.33 mm (0.14 to 0.44 mean MDD of 42.2% (7.4 to 77.3%) for the CC sediment 
mm). The mean MDD for themean number of young per and 30.5% for LS sediment (9.3 to 53.7%). 
female was 1.92 (0.09 to 2.4) in CCsediment and2.06 (0.57 
to 3.1) in LS sediment relative to WB control sediment. 17.6.12 These chronic round-robin tests exhibited similar 

or better precision compared to many chemical analyses 
17.6.11 The summary of the MDDs relative to the WB and effluent toxicity test methods (USEPA, 1991a; 
control sediment for CC and LS samples and the chronic C. USEPA, 1991~). The success rate for test initiation and 
tentans test is discussed by endpoint. For percent sulvival completion of the USEPA's round-robin evaluations is a 
at 20 d, the mean MDDs relative to WBcontrol sediment for good indication that a well equipped and trained staff will be 
CC and LS sediments were 14.4% (range of 5.9 to 19.1%) able to successfully conduct these tests. These are very 
and 15.6% (5.8 to 25.3%), respectively. For 20 d dry important considerationsforany test performed routinely in 
weights, the mean MDDs were 24.9% (CC) and 64.2% (LS) any regulatory program. 
with ranges of 15.6 to 30.4% and 25.1 to 126.9%, 
respectively. The mean MDD and ranae for the AFDW 
relative to ihe WB control sediment w i i  29.9% (22.9 to 
44.6%) for the CC sedlment and 68.7% (22.9 to 125.0%lfor 
LS sediment. For emergence the mean MDD for the'^^ 
sediment was 19.4% (10.5 to 25.0%) and the mean LS 
MDD was 17.9 (8.2 to 23.0%). The number of eggs 
produced had a mean MDD relative to the WB control 



Table 17.20 Interlaboratory ComparloOnd Rcpoduction (Mean Number of YoungFernale + SD) of H. azleca In a Longterm 
Sedlment Exposure Using Flve Sediments (WE = West Bearskin, CC = Cole Creek, LS = Llttle Scioto River, FS; 
Formulated Sedlment (using alpha.cellulose as organic carbon source), and PE =Formulated Sediment (uslng peat 
moss as 0rgm-h carbon source)). 

WB CC LS FS PE 
5.7 (3.1) 4.2 (2.2) 4.2 11.6) 2.3 (2.91 NT' 
4.0' (4.7) 7 9  (7.6) 19.4' (4.4) 5.4' (2.1) 16.5' (9.4) 
2.3 12.61 0.3 10 2) 1.2 (1.31 NT 0.08 11.8) 

NT = no1tested; NA = notapplicable:young count not reportedper female. 
Survival below lest acceptable criteria In WB Control sediment at28 d. 
Reproduclionbelow test acceptable criteria in WB conlrol sedimenlof 2 younglfemale. 
Not Included in any mean as WB controlsediment was not tested.

' N.1, Mean-1. SDI and CV (%)-I Includeall data (except Laboraioly X) whether conlrol met acceptablelimils or 
noi In WB sedimenl. 

I N-2, MeanP, SD.2 and CV-2 include only data for sediment samples from laboratories lhat met the 28-dcontrol 
survivalperformance acceplabllltyCriteria In WB sediment. 



Table 17.21 	 Interlaboratory Comparleon of Day 20 Percent Survlval (Mean rSO) 01 C. tentans ina Long-term Sediment Exposure 
Ualng Five Sediments (WB =West Bearskin, CC =Cole Creek, LS = Llnle Sciolo River. FS = Formulated Sediment 
(uslng alpha-cellulose as or9anlC carbon source), and PE= Formulated Sedlment (using peat moss as wganlc carbon 
cwrce)). 

Laboratory WB CC LS FS PE 
E 94 (8) 98 (4) 19 (13) 94 (8) N T  
F 79 (16) 40 (4) 17 (7) 81 65 (10)
H 4nb 69' (21) 4 (23) 40 ' (10) NT(') 
I 54b (141 1Sb (12) NT 5S8 1101 

NT = not b l e d .  ' Survival below test acceptable crileria of 70% In WE control sediment at 20 d. 
' Not Included In anv mean as WB canml sediment was not tested. 


N.1, Mean-1, SD1 and CV (%)-I Include all data (except Laboralory X) whether control me1 acceptable limitsor 

not in WE sediment. 

N.2, Meand. SD-2 and CV-2 Include only data forsedimenl samplesfrorn laboralorles thal melthe284 control 

survival performance acceptability crileria In WE sediment. 




Table 17.22 	 interlaboratory Comparison of Dry Weight (Mean mg/lndlvldual iSD) of C. tenfans in a Long-term Sediment Exposure 
Using Five Sediments (WB =West Bearskin, CC = Cole Creek, LS = Little Scloto River, FS = Formulated Sediment 
(using alphazellulose as organic carbon source), and PE = Formulated Sediment (using peat moss as organic carbon 
source)). 

Sediment 

Laboratory WB CC LS FS PE 

E 1 (0.09) 0.71 (0.17) 0.83 10.321 1.85 10.76) N T  


NT =not tested. 

Su~lvalbelow test acceptable criteria of 70% in WB control sediment at20 d. 

Not included in any mean as WB control sediment was not tested. 

N-1, Mean-1, SD1 and CV Include all data (except Laboratory X) whether control met acceptable iimib or 
(%)-I 
not in WB sediment. 
N-2. Mean*, SD.2 and CV-2 include only data for sediment samples from laboralories that met the 28.6 control 
Suwlval performanca acceptabilily criteria in WB sedlment. 

Note: All dry weight measurements for WE sediment were above the acceptable level 010.6 mglorganism as dry weight. 



Table 17.23 htertabofaiory Cornparlaon o l  Ash-lree Dry Weight (Mean mgllndlvidual+ SDI of C. tentans In a Lana-term Sedlment. -

Exposure Uslng Flve Sedlmenls (WB = West Bearskin.CC = Cole Creek, LS =.~ittle Sciolo River, FS. Formulated Sediment 
(using alpha.cellulosa as organic carbon Source), end PE = Formulated Sedlment (uslng peat moss as organlc carbon 
source)). 

Sediment 

Laboratory WB cc LS Fs PE 
E 0.87 (0.12) 0.54 (0.17) 4.22 (1.80) 1.13 (0.31) N P  
F 0.65 (0.18) 0.22 (0.03) 2.38 (0.84) 1.18 (0.20) 0.69 (0.19) 
H 1.74b (0.13) 0.69' (0.19) 1.93' (0.43) 1.89' (0.40) NT 
I NM ' NM NM NM NM 
K 1.16 (0.28) 0.51 (0.09) 1.44 (0.29) NT NT 
N 0.76' (0.31) 0.9Qb (0.48) 0.71b (0.47) NT NT 
Q 0.57 (0.27) 0.20 (0.03) 1.20 (0.50) 0.83 (0.15) 0.58 (0.26) 
V NM NM NM NM NM 

' NT = not tested: NM = not measured. 
Suwival below test acceplable criteria of 70% In WB control sediment at20 d. 

' Not included In any mean as WE control sediment was nollested. 
N-1. Mean-I, SD1 and CV (%kt Include ail data (except Laboratory X) whether control met acceptable limits or 

' 
not in WB sedlment. 
N-2,Mean-2. SD-2 and CV-2 include only data for sedlment samples from laboralories that met the 28-d control 
survival performance acceptability criteria In WE sediment. 

Nole: All dry weigh1 measurements for WB sedlment above acceptable level of 0.48 mglorganism as AFDW. 



- - - 

I 

Table 17.24 	 lnlerlaboralory Comparlson o l  Percent Emergence (Mean x SO) of C. lentans in a Long-term Sedlmenl Exposure Uslng Flve 
Sedlmenb (WB - West Bearskin, CC = Cole Creek, LS =Little Scloto River, FS = Formulated Sedimenl luslno aloha-cellulose-
as organlc carbon source), and PE = Formulated Sedlment (using peal moss as organic carbon source)). 

Sedlment 

Laboratory WE CC LS FS PE 
E 65.6 (14.4) 41.7 (19.9) 18.8 (18.8) 75 (21.8) NT' 
F 20.8b (7.7) 5.Zb (8.8) 12.5~ (16.6) 29.2' (14.1) 31.2' (15.3) 
H 28.Zb.' (8.9) 28.2" (13.3) 46.gQ,' (15.4) 26.Ob.' (14.4) NT 
I 11.8b.' (12.0) 22.9'.' (19.2) 5.6',' (4.1) NT 8.3".' (10.7) 
K 57.3 118.61 24.0 113.71 49.0 110.41 NT NT 

' 	 NT = not tesled. 

' 	
Emergence below test acceptable criteria of 50% in WB control sediment. 
Survival below test acceptable criteria of 70% in WB control sedimentat20d. 
Not included In any mean as WB control sediment was not tested. 

' N-1, Mean-I, SD1 and CV (%)-I include all data (except Laboratory X) whether colltrol melacceptable limits or 

not In WB sediment. 

N-2. Mean-2. SD-2and CV-2 include only data for sediment samples from laboratories that met the 28.d control 

survlval performance acceptability criteria In WB sediment. 




Table 17.25 	 Interlaboratory Comparison of the Number of EggdFemale (Mean t SDI in a Long-term Sediment ExDosure Uslna Five 
Sadhentn (WB = ~ a a t  cc= ole Cree*, LS = Little Scloto ill&,FS = (uslng alp~a.cellulose ~eerskln, iormulated ~ed lme i t  
as organic carbon source), end PE = Formulated Sediment (uslng peal moss as organlc carbon source)). 

NT = not tested: NA = not applicable. 

' 	
SuNival below lest acceptable criteria 0170% In WE conlrol sediment at 20d. 
No1 included In any mean as WE control sedimenl was not tested. 
N-I, Mean.1, SDt and CV (%)-I include all dala (except Laboratoly X) whether convol met acceptable limitsor 
no1 In WE sediment. 

* N.2. Mean-2, SD-2 and CV-2 include only data for sediment samples from laboralodes that met the 28.6 control 
survival performance acceptability criteria In WE sediment. 

Note: The number of eggs acceptable crilerla (2800eggs) wasaboveacceptable level for all laboratories In WE sedimenl. 



I 

Table 17.26 	 interlaboratory Comparison of Percent Hatch (Meant SD) of C. tentans in a Long-term Sediment Exposure Using Five 
Sedimenw (WB = West Bearskin, CC- Cole Creek, LS = Llnle Scloto River, FS = Formulated Sediment (uslng alpha- 
cellulose as organlc carbon source), and PE = Formulated Sedlment (using peat moss as organic carbon source)). 

Sediment 

Laboratorv WB CC LS FS PE 
E 80 (17.0) 37 (33.0) 51 (39.0) 77 (16.1) NT 
F 
H 

99 
93' 

10.2) 
13.5). . 

97 
80' 

NA 
(24.6). . 

99 NA 
71 9 3 6 . 5 1  . . 

97 
74b 

(2.3) 
149.21~ ~ - ,  

99 
NT. . 

(0.4) 

t NM' NM NM NM NM 
K 62' (23.5) 78' (38.5) 74' (14.0) NT NT 
N 6Eb.' (35.8) 47b' (47.3) 54"' (40.8) NT NT 
Q 80 (35.2) 31 (53.3) 95 (3.2) 89 (19.4) 88 (18.3) 
V 91 (8.4) 81 (33.0) 87 (10.8) NT 96 (1.7) 
X NT NT NT 60' (44.0) 80a (27.1) 

N-1- 7 7 7 4 9 

' NT = not tested: NM = not measured: NA= notappllcable. 

SuNIVal below test acceplable cnlerla of 70% in WE control sediment at 20 d 


' Halch below test acceptable criteria of 80% In WE control sediment. 

' 	
Not Included in any mean as WE control sedlment was not tested. 
N-1. Mean-I. SDt and CV (%)-I include all data (except Laboratory X) whether control met acceptable timilsor 
not In WE sediment. 
N-2, Mean<. SD.2 and CV-2 include only data for sediment samples from laboratories that me1 the 28.4 control 
suwival performance acceptability critena in WB sedimenl. 
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Appendix A 

Exposure Systems 


A.l Renewal of overlying water is recommended during 
sediment tests (Section 11.3,12.3,13.3, 14.3,15.3). The 
overlvina water can be redaced manuallv (em. siohon- .. - .  . 
ing) or itomatically. ~uiomat ic systems require more 
equipment and initially take more time to build, but manual 
addition of water takes more time during a test. In 
addition, automated systems generally result in less sus- 
pension of sediment compared to manual renewal of 
water. 

A.2 At any oarticular time during the test, flow rates 
through any tko test chambers sh&~ld not differ by more 
than 10%. Mount and Brungs (1967) diluters have been 
modified for sediment testinp, and other diluter systems 
have also been used (~ak i , j 977 ;  lngersoll and els son, 
1990; Benoit et al., 1993; Zumwalt et al., 1994; Brunson 
et al., 1998; Wall et al.. 1998; Leppanen and Maier, 1998). , 
The water-delivery system should be calibrated before a 
test is started to verify that the system is functioning 
properly. Renewal of overlying water is started on ~ a y - 1  
before the addition of test oraanisms or food on Dav 0. 
Water-delivery systems are ;described by Benoit e i  al. 
(1993) in Section A.3 and by Zumwalt et al. (1994) in 
Section A.4. A 60-mL syringe with a mesh screen over 
the end can be used to manually remove and replace 
overlying water (J. Lazorchak, USEPA, Cincinnati, OH, 
personal communication). 

A.3 Benoit et al. (1993) describe a sediment testing 
intermittent-renewal (STIR) system (stationary or por- 
table) for invertebrate toxicity testing with sediment. The 
STlR system has been used to conduct both short-term 
and long-term sediment toxicity tests with amphipods and 
midges (Sections 11, 12, 14, 15). Either stationary or 
portable systems enable the maintenance of acceptable 
water quality (e.g., dissolved oxygen) by automatically 
renewing overlying water in sediment tests at rates rang- 
ing from 1 to21 volume renewalsld. The STlR system not 
only reduces the labor associated with renewal of overly- 
ina water but also affords a aentle exchanae of water that 
rekults in virtually no sediment suspension. Both 
gravity-operated systems can be installed in a compact 
vented enclosure. The STlR system has been used for 
conducting 10-d whole-sediment tests with Chironomus 
tentans, Hyalella azteca and Lumbriculus variegatus. 

A.3.1 STlR systems described in Benoit et al. (1982) can 
be modified to conduct sediment tests and at the same 
time maintain their original capacity to deliver varying 

concentrations of toxicants for water-only toxicity tests. A 
STlR system (stationary or portable) solely for sediment 
toxicitv tests was desianed. which offers a simole. inex- 
pensiie approach for t i e  automated renewal of variable 
amounts of overlying water (Figures A.l and A.2). This 
system is described below. The system can be built as a 
two-unit system (Section A.3.2) or with more exposure 
treatments (Section A.3.4). All exposure systems consist 
of exposure holding tanks, head tanks, head tank support 
stands, and a water bath (Section A.3.2 and A.3.3). The 
automated delivery system includes design descriptions 
for a support stand, water renewal supply, and water- 
delivery apparatus (Section A.3.4). 

A.3.2 	 Two-unit Portable STlR System 
Construction (Figures A. l  and A.2) 

A.3.2.1 	 Exposure Holding Tanks (2) (Figure A.3). 

1. Outer diameter: 15.8 cm wide x 29.3 cm long x 11.7 

cm high 


2. Cutting dimensions: (double-strength glass, 3 mm) 

2 Bottoms: 15.8 cm x 29.3 cm 
4 Sides: 11.4 cm x 28.7 cm 
4 Ends: 11.4 cm x 15.8 cm 

3. Hole: 1.6 cm centered between sides and 7.2 cm 

from bottom edge of 11.4 cm high end piece. 


4. Standpipe Height: 10.3 cm above inside of tank bot- 

tom. 


A.3.2.2 	 Head Tanks (2) (4-L capacity; Figure A.3) 

1. Outer diameter: 15.8 cm wide x 24 cm long x 14.5 cm 

high 


2. Cutting dimensions: (acrylic plastic, 6 mm) 

2 Bottoms: 15.8 cm x 24 cm 
4 Sides: 13.9 cm x 22.8 cm 
4 Ends: 13.9 cm x 15.8 cm 

3. Acwlic olastic sheets should be cut with a smooth 
cu tkg  h e  toothed table saw blade. ~ i m e n s i o ~ c u t  
pieces can most easily be glued together with 
Weld-Ong #16 cement for acrylic 



Figure A.l  Portable table top STIR system described In Benoit et al. (1993). 
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Calibrated Volume Sight Tube 
(1.3cm Clear Tube) 

\ 

All tanks and water bath drain to common 19Ljug with air 

Thermostat vent and optional hose from jug to floor drain. 


Figure A.2 Portable table top STIR system with several additional options as described in Benoit et al. (1993). 

plastic (Industrial Polychemical Service. P.O. Box 
471, Gardena, CA, 90247). 

4. Hole: 1.6 cm centered between sides and 2 cm from 
front edge of 24-cm-long bottom piece. Holes can 
most easily be drilled in acrylic plastic by using a 
wood spade bit and drill press. 

5. 	Flow Tubes: 10-mL pipet tip initially cut off at the 6- 
mL mark and inserted flush with top of #O stopper. 
Top of stopper should be inserted nearly flush with 
head tank bottom. With 2 L of water in head tank, 
calibrate flow tube to deliver 32 mllmin. 

A.3.2.3 Head Tank SupportStand(1) (Figure A.3) 

1. Outer diameter: 16.7 cm wide x 33.7 cm long x 17.8 
cm high 

2. Cutting dimensions: (acrylic plastic, 6 mm) 

1 Bottom: 16.7 cm x 33.7 cm 
2 Sides: 17.2 cm x 32.5 cm 
2 Ends: 17.2 cm x 16.7 cm 

3. Size is such that both head tanks fit into support 
stand for storage and transport. 

A.3.2.4 WaterBath (1)(Figure A.3) 

1. Outer diameter: 33 cm wide x 40.6 cm long x 7.4 cm 
high 

2. Cutting dimensions: (acrylic plastic. 6 mm) 

1 Bottom: 33 cm x 55.9 cm 
2 Ends: 33 cm x 6.8 cm 
2 Sides: 39.4 cm x 6.8 cm 



Width (end) 
Width (end) 

Exposure Holding Tank 
Head Tank 

Water pump inlet 

Length (side) 


Basic Water Bath 


a4~he rmos ta t  ~ t o v e m o wdrain 

Length (side) 

Basic Water Bath with Optlonal Holes for Water Bath 

Inlet 

e b u t i e t  
1.6cm 

Width (end) 

Add-on Water Bath for One Additional Unit 

Figure A.3 Tanks for the STIR system in Benoit et al. (1993). 
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3. Holes: 

a. 	 Overflow drain; cm centered 2'9 from 
bottom edge of 39.4-cm-long side piece and 17.8 
cm from right edge. 

b. 	 Thermostat; 3.2 cm centered 2.5 cm from bottom 
edge of 39.4-cm-lona side ~ i e c e  and 3.2 cm from 

c. 	 Water pump outlet; 2.5 cm centered 2.5 cm from 
bottom edge of 33-cm-long end piece and 8.3 cm 
from back edge. 

d. 	 Water pump inlet; 2.5 cm centered 2.5 cm from 
bottom edge of 33-cm-long end piece and 2.0 cm 
from back edge. 

4. A small 90' elbow made of glass or plastic is at- 
tached tothe water pump inlet tubeand turned down- 
ward so the circulator pump will not pick up air at the 
water surface. 

5. The bottom piece for the water bath includes 15.3-cm 
extension for motor mount and the thermostat eledri- 
cal junction box. 

6. Motor Mount: 5.1 cm wide x 11.4 cm long x 3.8 cm 
thick mount made from 6 pieces of 6-mm acrylic 
plastic. Four of these pieces are glued together. The 
other two pieces are glued together, motor attached 
to the edge with two screws and the two pieces (with 
motor attached) are then screwed to the top of the 
four pieces. The entire unit is then glued to water bath 
extension after 6-mm PVC piping is attached and 
secured with stoppers to the inlet and outlet water 
bath holes. 

7. Thermostat Conduit Junction Box: (1.3-cm small left 
back (SLB)) is attached to the water bath extension 
bv screwina a 1.3-cm PVC ~ l u a  into iunction box and 
securing thkplugwith a screw, countersunk up through 
the bottom and into the PVC plug. 

A.3.2.5 	Latex RubberMold 

A.3.2.5.1 If you plan to construct a substantial number of 
exposure test beakers, as described in Benoit et al. 
(1993), then it would be to your advantage to make a latex 
rubber mold to give support to the underside of the glass 
when drilling holes. It significantly reduces the number of 
broken beakers. Liquid latex, with hardener that can be 
purchased from the local hardware store is commonly 
used to coat the handles of tools. The rubber mold is 
constructed as follows: 

1. Mix latex with hardener as per instructions 

2. Fill one exposure test beaker with the mixture. 

3. Suspend one 5-cm eye bolt (5-mm diameter) with nut 
on end so that the eve is ~rotrudina iust above the too . -.~ 

of the mixture. 

4. Allow the latex plenty of time to "set up." 

5, With proper eye protection and wearing heavy gloves. 
gentlybreak the beaker with a small hammer and 
remove all of the glass from the mold. 

6. Using a long drill bit for wood, drill an air vent hole 
through the mold from top through bottom. 

7. When using the mold, wet the mold and the beaker 
with water before inserting. Place the beaker, with 
pre-marked location of holes, on its side in a 3.5-L 
stainless steel pan filled with coolant water so that 
the beaker is just below the surface. The beaker is 
then held in position with one hand while the other 
hand operates the drill press. Operator should wear 
proper eye protection. 

8. After the two holes are drilled, the mold can be easily 
removed, with some effort, by inserting the eye bolt 
into the handle of a securely attached "C"clamp and 
physically pulling the beaker from the mold. 

A.3.3 	 Suggested Options fo r  More Exposure 
Treatments (examples given are for a 
three-unit treatment system) 

A.3.3.f 	 Exposure Holding Tanks and Head Tanks 

A.3.3.1.1 Same dimensions as for two-unit system ex- 
cept that three (3) of each should be made. 

A.3.3.2 	 Head Tanksupport Stand(?) (Figure A.3) 

1. Outer diameter: 16.7 cm wide x 49.5 cm long x 
17.8 cm high 

2. Cutting dimensions: (acrylic plastic, 6 mm) 

1 Bottom: 16.7 cm x 49.5 cm 
2 Sides: 17.2 cm x 48.3 cm 
2 Ends: 17.2 cm x 16.7 cm 

3. Size is such that the three head tanks will fit into the 
support stand for storage and transport. 

A.3.3.3 	WaterBath (1) (Figure A.3) 

I.Outer diameter: 33 cm wide x 56.4 cm long x 7.4 cm 
high 

2. Cutting dimensions: (acrylic plastic, 6 mm) 

1 Bottom: 33 cm x 71.7 cm 
2 Ends: 33 cm x 6.8 cm 
2 Sides: 55 cm x 6.8 cm 

3. Holes: All hole sizes and locations are the same as 
for the two-unit system except that overflow drain is 
located 25.7 cm from right edge of 55-cm side. Also, 
two optional 1.6-cm holes centered 2.5 cm from 
bottom edge of 33-cm-long end piece and 1.8 cm 



from corner edges are shown in the drawing for future 
additions of "add-on" water baths. 

4. Motor mount and junction box installations are the 
same as for two-unit system. 

A.3.3.4 	 "Add-on" Water Bath(example given is for 
one additional unit treatment system; 
Figure A.3) 

I.Outer diameter: 18.5 cm wide x 33 cm long x 8 cm 
high 

2. Cutting dimensions: (acrylic plastic, 6 mm) 

1 Bottom: 18.5 cm x 33 cm 
2 Ends: 17.3 cm x 7.4 cm 
2 Sides: 33 cm x 7.4 cm 

3. Holes: Inlet and outlet holes (1.6 cm) are centered 
2'5 cm from bottom edge Of 33-cm longside piece 
and 1.8 cm from corner edges. 

4. The above holes will match the previously drilled 
holes in the main water bath. The "add-on" water bath 
is connected using #2 stoppers and 6.4-cm lengths of 
clear plastic tubing (1.3-cm diameter). The circulator 
pumpOutlet tubing (T~gonQ) inthe main water bath is 
extended through the inletconnection as shown in 
Figure A.2. Circulating water is then forced into the 
"add-on" bathand flowsback to the main water bath 
by gravity. 

5' 	Note that the wallsOf the "add-on" bath are mm 
higher than the main water bath to accommodate the 
small head of water that builds up. 

6. "Add-on" water baths tend to run a little warmer (0.2"C) 
than main water bath test temperatures. 

A.3.4 Optional Automated Water-delivery 
Apparatus for Table T o p  STIR Systems 
(examples given are for a three-unit 
treatment system) 

A.3.4.1 Support Stand 

A.3.4.1.1 A stand to support the automated water-deliv- 
efy shown in Figure A.2, can be made from 
bolted slotted angle iron bolted with corner braces. A 
convenient size to construct is 30 cm wide x 85 cm long x 
43 cm high. The head box in Figure A.2 sits on top of the 
stand, and the water distribution manifold as shown in 
Figure A.2 is placed directly under the Of the stand 
with two 1.3-cm conduit hangers. A small portion of each 
angle iron cross piece is cut away to allow the pipe to be 
clamped into the conduit hanger. This also keeps the 
manifold up high enough for sufficient clearance between 
the head tanks and the 6-mm pipe hose adapters as 
shown in Figure A.2. 

A.3.4.2 	 WaterRenewal Supply 

A.3.4.2.1 If tests will be conducted in the local water 
supply, then the head box water inlet shown in Figure A.2 
is simply plumbed into the supply line. However, if the 
tests are conducted with transported water or with recon- 
stituted water, the head box water inlet can be connected 
to a NalgeneQ drum with flexible TygonQ tubing. With a 
four-volume test beaker water renewal flow rate per day, 
both 114-L and 208-L Nalgenee drums will hold a 5-d 
supply for a bunit treatment system and a 5-unit treat- 
ment system, respectively. If the water supply drum is 
locatedbelow the head box, then an open air water pump 
such as a MarchQ model MDXT DumD fPFC Eaui~ment 
Corp., Minneapolis. MN 55440) can be "sed be tken  the 
drum and head box. 

A.3.4.3 	 Operationof Water-deliveryApparatus 

A.3.4.3.1 The head box water inlet solenoid valve 
(Figure A,2) and the open air water pump (if needed) are 
connected to the same timercontrol switch. The head box 
water outlet solenoid valve is connected to another sepa- 
rate timer control switch. With four test beaker renewalsld 
and a treatment system, the head box toilet 
valve is pre-adjusted to allow the head box to fill to the12-Lmark on the sight tube (Figure A,2), 

A.3.4.3.2 With head box filled, the renewalcyclebegins 
when the first timer opens the head box outlet solenoid 
valve, The distribution manifold is quickly flooded andthe 
12 L of renewal water divided equally to each of the three 
4-L head tanks. Since the timers have a minimum setting 
of one hour on-off periods, the first timer is set to shut off 
the head box outlet solenoid valve one hourafler it opens. 

A.3.4.3.3 About 30 min later, the second timer is set to 
open the head box water inlet solenoid valve (and pump if 
needed). As head box water volume reaches the 12-L 
mark, the pre-adjusted toilet tank valve stops the water 
flow. One hour afler they come on, the second timer will 
shut off the solenoid valve inlet and water pump. 

A.3.4.3.4 The automated system is then ready for the 
next renewal cycle that is set to begin 12 h after the first 
cycle. Head box volume dimensions are such that up to 
five-unit treatment systems can be tested simultaneously 
as shown in Figure A.2. 

A.3.5 Acriticism of the system described by Benoit et al. 
(1993) isthat the to) 8 beakers placed ineach holding 
tank are not true replicates because of the potentiai for 
exchange of water overlying the sediments among the 
beakers, However, this concern is largely semantic with 
regard to actual test results. The rationale forthis position 
is described below, The data described below are unpub-
lished data from USEPA ~ ~(G,~ .  Ankley, USEPA, ~ hl ~
Duluth, MN, personalcommunication), 

A.3.5.1 Beakers within a test tank contain an 
aliquot of the same homogenized sediment and the same 
test species. The replication is intended to reflect variability 



in the biology (e.g., health) of the organism, as well as 
la cement and recoverv of the animals from the test 

sediments (i.e., operato; variability). To treat even com- 
Dletelv seDarate tanks containina homoaenized sediment 
irom {he same source as true r&licate;(of the sediment 
'Yreatment") is inaccurate and is pseudoreplication. Hence. 
because the same sediment is tested in each beaker in a 
particular tank, and because the replication is focused on 
defining variability in the biology of the organism (and the 
operator), this is essentially a nonissue from a theoretical 
standpoint. 

A.3.5.2 From a practical standpoint, it is important to 
determine the potential influence of one beaker on another 
over the course of a test. To determine this, a study was 
designed (which is not advocated) in which treatments 
were mixed within a tank. i n  the first experiment, four 
beakers of highly metal-contaminated sediment from the 
Keweenaw Waterway, MI, were placed in the same tank 
as four beakers containing clean sediment from West 
Bearskin Lake, MN. This was done in two tanks; in one 
tank, 10 amphipods (Hyalella azteca) were added to each 
beaker, while in the other tank. 10 midges (Chironomus 
tentans) were placed in each beaker-~olitrols for the 
experiment consisted of the West Bearskin sediments 
assayed in separate "clean" tanks. The four contaminated 
beakers were placed "upstream" of the four clean beakers 
to attempt to maximize possible exchange of contarni- 
nant. At the end of the test, organism survival (and growth 
for C. tentans) was measured in two of the beakers from 
each site and sediment Cu concentrations were deter- 
mined in the other two beakers from each site. The 
Keweenaw sediments contained concentrations of Cu in 
excess of 9.000 ~ g l g  (dry wt), and were toxic to both test 
species (Table A.l). Conversely, survival of both 
C. tentans and H. azteca was high in the West Bearskin 
sediments from the Keweenaw tank, and was similar to 
survival in West Bearskin sediments held in separate 
tanks. Most important, there was no apparent increase in 
Cu concentrations in the West Bearskin sediments held in 
the Keweenaw tank (Table A.l). 

Table A.1 Sediment Copper Concentrations and Organism 
Survival and Growth at the End of a 104 Test with 
West Bearskln Sediment in an lndivldual Tank 
Versus 10-d Cu Concentrations and Organism 
Survlval and Growth in West Bearskin Sedlment 
Tested in the Same Tank as Keweenaw Waterway 
Sedlment' 

Survival Dry wt Cu 
Sediment Tank Species (%) (mglorganism) (pglg) 

WE2 1 Amphipod 90 ND3 22.4 
WE 2 Amphipod 100 ND 13.8 
KW4 2 Amphipod 20 ND 9397.0 
WB 3 Midge 95 1.34 12.3 
WB 4 Midge 100 1.33 15.8 

KW 4 Midge 5 ND 9167.0 

' All values are the mean of duplicate observations (G.T. Ankley. 
USEPA. Duluth. MN, unpublished data) 
West Bearskin 
Not determined 
Keweenaw Waterway 

A.3.5.3 A similar desian was used to determine transfer 
of contaminants amo:g beakers containing sediments 
spiked with the organochlorine pesticide dieldrin. In this 
exoeriment. sediment from Airoort Pond. MN, was s~ iked 
wiih dieldrinand placed in the same tank as clean unspiked 
Airport Pond sediments. Two different concentrations 
were assayed as follows: (1) in the midge test, sediment 
concentrations were about 150 pg dieldrinlg (dry weight) 
and (2) in the a m ~ h i ~ o d  test, sediments contained in 
excessof 450 pg dieldrinlg sediment. The control for the 
experiment again consisted of clean Airport Pond sedi- 
ment held in a separate tank. The spiked sediments were 
toxic to both test species, and sulvival of organisms held 
in the clean AirDort Pond sediments was similar in the two 
different tanks'. However, there was an effect on the 
growth of C. tentans from the clean Airport Pond sedi- 
ment assaved in the tank containina the soiked sediment. 
This corresponded to the presenceif measurable dieldrin 
concentrations in unspiked Airport Pond sediments in the 
tank with the mixed treatments (Table A.2). The concentra- 
tions of dieldrin in the unspiked sediment, although de- 
tectable, were on the order of 5,000-fold lower than the 
spiked sediments, indicating relatively minimal transfer of 
pesticide. 

A.3.5.4 Using a similar design, an investigation was 
made to evaluate if extremely low dissolved oxygen (DO) 
concentrations, due to sediment oxvaen demand. in four 
beakers in a test system would resuitk a decrease in DO 
in other beakers in the tank. In this ex~eriment. trout chow 
was added to each of four beakers c o n t a k a  clean 
Pequaywan Lake sediment and placed in a testtiink with 
four beakers containina Peauawan Lake sediment with- 
out exogenous organ; caibo;. Again, the control con- 
sisted of Pequaywan Lake sediment held in a separate 
tank under othetwise identical test conditions. Assavs 
were conducted, without organisms, for 10 d. At this time, 
DO concentrations were verv low in the beakers contain- 
ing trout chow-amended sebiment (ca.. 1 mglL, n = 4). 
However, overlying water DO concentrations in the 

Table A.2 	 Sedlment Dieldrin Concentrations and Organism 
Survival and Growth at the End of a 10-d Test with 
Airport Pond Sediment in an individual Tank 
Versus 10-d Dieldrin Concentrations and Organism 
Survival and Growth In Airport Pond Sedlment 
Tested in the Same Tank as Dieldren-spiked Alrport 
Pond Sediment' 

Survival Dry w! Dieldrin 
Sediment Tank Species (%) (mglorgan~sm) (pglg) 

AP2 1 Amphipod 75 ND3 dO.01 
AP 2 Amphipod 80 ND 0.07 
DAP4 2 Amphipod 20 ND 446.4 
AP 3 Midge 85 1.71 <0.01 
AP 4 Midge 85 0.13 0.04 
DAP 4 Midge 0 ND 151.9 

' All values are the mean of duplicate observations (G.T. Ankley, 
USEPA, Duluth, MN, unpublished data) 
Airport Pond 
Not determined 
Dieldrenapiked Airport Pond 



"untreated" vs. the "treated" beakers in a separate tank 
were similar, i.e., 6.8 vs. 6.9 mglL, respectively. This 
indicates that from a practical standpoint, even under 
extreme conditions of mixed treatments (which again, is 
not recommended), interaction between beakers within a 
tank is minimal. 

A.3.5.5 One final observation germane to this issue is 
worth noting. If indeed beakers of homogenized sediment 
within a test tank do not serve as suitable replicates, this 
should be manifested by a lack of variability among 
beakers with regard to biological assay results. This has 
not proven to be the case. For example, in a recent 
amphipod test with a homogenized sediment from the 
Keweenaw Watelway in which all eight replicates were 
held in the same tank, mean survivalfor the test was 
76%; however, survival in the various beakers ranged 
from 30 to loo%, with a standard deviation of 21%. 
clearly,if the test system were biased so as to reduce 
variability (i.e., result in unsuitable replicates due to corn-
mon overlying water), this type of result would not be 
expected. 

A.3.5.6 In summary, in both a theoretical and practical 
sense, use of the system described by Benoit et al, 
(1993) results in valid replicates that enable the evalua- 
tion of variability due to factors related to differences in 
organism biology and operator effects. TO achieve this, it 
is important that treatments not be mixed a tank; 
rather, the replicates should be generated from the same 
sediment sample, Given this, and the fact that it is 
difficult to document interaction between beakem using 
even unrealistic (and unrecommended) designs, leads to 
the conclusion that variability of replicates from the test 
system can be validly used for hypothesis testing. 

A.4 Zumwalt et al. (1994) also describe a water-delivery 
system that can accurately deliver small volumes of 
water (50 mUcycle) to eight 300-m~ beakers to conduct 
sediment tests. The system was designed to be compa- 
rable with the system described by et al. (1993). 
This water-delivery system has been used in a variety of 
applications (i.e., Kemble et al., 1998a,b; lngersoll et al., 
1998). 

A.4.1 Eight 35-mL polypropylene syringes equipped with 
18-gauge needles are suspended fmm a splitting chamber 
(Figure A.4). The system is suspended above eight bea- 
kers and about IL of waterlcycle is delivered manually or 

and empties 50 mL into each beaker and the 600 mL of 
excess water empties out an overflow in the splitting 
chamber (Section A.4.3.1). The volume of water delivered 
per day can be adjusted by changing either the cycling 
rate or the size of the syringes. The system has been 
used to renew overlying water in whole-sediment toxicity 
tests with H. azteca and C.tentans. Variation indelivery 
of water among 24 beakers was less than 5%. The 
system is inexpensive (<$100), easy to build (c8 h), and 
easy to calibrate (<I5 min). 

automatically to the splitting chamber. Each syringe fills drilled with an 8-mm (outer diameter) core borer is placed 

A.4.2 Water-Splitting Chamber -
A.4.2.1 The glass water-splitting chamber is 14.5 cm 
wide, 30 cm long, and 6.5 cm high (inner diameter). Eight 
3.8-cm holes and one 2.5-cm hole are drilled in a 15.5 cm 
x 30.5 cm glass bottom before assembly (Figure A.4 and 
Table A.3). The glass bottom is made from 4.8- (3116 inch) 
Or6.4-mm (114 inch) plate glass. An easy way to position 
the 3.8-cm holes is to place the eight 300-mL beakers 
(2 wide long) under the bottom Plate and mark the 
center Of each beaker. The 2.5-cm hole for overflow is 
centered at One end the Plate between the last 

holes and endplate (Figure ~ . 4 ) .  After drilling the 
holes in the bottom plate, the side (6.5 x 30.5 cm) and end 
(6.5 x 14.5 cm) plates are cut from 3.2-mm (118 inch) 
double-strength glass and the splitting box is assembled 
using silicone adhesive. Sharp glass edges should be 
sanded smooth using a whetstone or a piece of 
carborundum wheel. After the splitting chamber has dried 
for 24 h, four 12-mm (outer diameter) stainless-steel 
tubes (7 cm long) are glued to each corner of the splitting 
chamber (the surface of the steel tubes is scored with 
rough emery paper to allow better adhesion of the sili- 
cone). These tubes are used as sleeves for attaching the 
legs to the splitting chamber. The legs of the splitting 
chamber are threaded stainless-steel rods (9.5 mm [318 
lnchl diameter, 36 cm long). The location of the tubes 
depends on the way that the beakers are to be accessed 
ln the waterbath. If the tubes are placed on the side of the 
Splitting chamber, a 3.2-mm-thick x 2-cm-wide x 7-cm-long 
spacer is required SO beakers and the optional waterbath 
Can be slid out the ends (Figure A.4). If the sleeves and 
legs are attached to the ends of the Splitting chamber, the 
beakers and waterbath can be removed from the side. 
The legs are inserted into the 12-mm tubes and secured 
using nylon nuts or wingnuts. The distance between the 
tips of the needles to the surface of the water in the 
300-mL beakers is about 2 cm. Four 1-L beakers could 
also be placed under the splitting chamber. 

A.4.2.2 A#7 silicone stopper drilled with a 21-mm (outer 
diameter) core borer is used to hold each 3 5 - m ~  polypro-
pylene syringe (45 mL total capacity) in Place. Glass 
syringes could be used if adsorption of contaminants on 
the surface of the syringe is of concern. A dilute soap 
solution can be used to help slide the syringe into the 
#7 stopper (until the end of the syringe is flush with the top 
of stopper). Stoppers and syringes are inserted into 3.8-cm 
holes and are visually leveled. A #5 silicone stopper 

1" the 2.5 cm ~verf low hole. An 8-mm (outer diameter) 
glass tube (7.5 cm long) is inserted into the stopper. Only 
3 mm of the overflow tube should be left exposed above 
the stopper. This overflow drain is placed about 3 mm 
lower than the top of the syringes. A short piece of 
6.4-mm (114 inch; inner diameter) tubing can be placed on 
the lower end of drain to collect excess water from the 
Overflow. 

A.4.2.3 The splitting chamber is leveled by placing a 
level on top of the chamber and adjusting the nylon nuts. 
Eighteen-gauge needles are attached to the syringes. 



SpRtter Chamber 

I 
Oven 

Leg Support 

SpRter Chamhr 

Waterbath (Optional) 

Figure A.4 Water spllning chamber described in Zumwalt et al. (1994). 



Table A.3 	 Materials Needed for Constructing a Zumwalt et 
al. (1994) Delivery System 

Equipment
orill press 

Glass drill bits (2.54 cm (1 inch] and 3.8 cm 11.5 inch]) 

Cork boring set 

Teble-lop saw equlpped with a carborundumwheel 

small level (about 30 cm long) 


supplies

300-mL beakers (lipless. tail form; e.g.. Pyrex Model 1040)

stainless-steel screen (50- x 50-mesh)

9.5-mm (318 Inch x 16) stainless-steel threaded rod 

9.5-mm (318 inch x 16) nylon wingnuls 

9.5-mm (318 inch x 16) nylon nuts 

35-mL Mono-Ject syringes (Shewwd Medical, St. Louis. MO) 

18-gauge Mono-led stainless-steel hypodermic needles 

Silicone stoppers (#I.
5. and 7) 
Plateglass (6.4mm [I14 inch]. 4.8 mm (3116 inch], 3.2 mm [1/8 inch]) 
Glass tubina 18-mm outer diameter1- ~ ~ -~~ ~ ~ ~~ ~ 

s tain1e~~-siB~ttubin~(12-mm outei diameter)

silicone adhesive (without fungicide) 

5-way stainless-steel gang valves and 


Pasteur pipets (14.5 cm (5.75 Inch]) 

About 6 mm of the needle should remain afler the sharp 
t ~ phas been cut off using a carborundum wheel. Jagged 
edaes lefi in the bore of the needle can be smoothed 
usikg a small sewing needle or stainless-steel wire. 

A.4.2.4 When about 1 L of water is delivered to the 
splitting chamber, the top of each syringe should be 
quickly covered with water. The overflow tube will quickly 
drain excess water to a level just below the tops of the 
syringes. The syringes should empty completely in about 
4 min. If water remains in a svrinae, the needle should be 
checked to ensure that it is dean and does not have any 
jagged edges. 

A.4.3 	 Calibration and Delivery of Water to t h e  
Spli t t ing Chamber 

A.4.3.1 Flow adjustments can be made by sliding either 
the stoDDers or svrinaes UD or down to deliver more or 
less w&r. A spliting Ehamber with eight syringes can be 
calibrated in less than 15 min. Delivery of water to the 
splitting chamber can be as simple as manually adding 
about 1 L of waterlcycle. Water can be added automati- 
caliy to the splitting chamber using a single cell or a 
Mount and Brungs (1967) diluter that delivers about 1 U 
cycle on a time delay. About 50 mL will be delivered to 
each of the 8 beakerslcycle and 600 mL will flow out the 
overflow. A minimum of about 1 Ucycle should be dumped 
into the splitting chamber to ensure each syringe fills to 
the top. If the quantity of water is limited at a laboratoly. 
the excess water that drains through the ovefflow can be 
collected and recycled. 

A.4.4 Waterbath and  Exposure Beakers 

A.4.4.1 The o~tional waterbath surroundina the beakers 
is maoefrom 3.2-mm (118-inch) double-strength glass and 
is 15.8 cm wide x 29.5 cm long x 11.7 cm high (Figure A.4 

[Figure A.3 in the Benoit et al., 1993 system]). Before the 
pieces are assembled, a 1.4-cm hole is drilled in one of 
the end pieces. The hole is 7.2 cm from the bottom and 
centered between each side of the end piece. A glass 
tube inserted through a #O silicone stopper Can be used to 
drain water from the waterbath. A notch is made in each 
300-mL beaker by making two cuts with a carborundum 
wheel 1.9 cm a ~ a r t  to the 275 mL level. The beaker is 
etched across ihe bottom of the cuts, gently tapped to 
remove the cut section, and the notch is covered with 50- 
x 50-mesh stainless-steel screen using silicone adhe- 
sive. The waterbath illustrated in Figure A.4 is optional if 
the splitting chambers and beakers are placed in a larger 
waterbath to collect waste water. This smaller waterbath 
could be used to collect waste water and a surrounding 
larger waterbath could be used for temperature control. 

A.4.5 Operation and  Maintenance 

A.4.5.1 Maintenance of the system is minimal. The 
syringes should be checked daily to make sure that all of 
the water is emptying with each cycle. As long as the 
syringe empties completely, the rate of flow out of the 
syringes is not important because a set volume of water 
is delivered from each syringe. If the syringe does not . . 
empty completely with each cycle, the needie tip should 
be r e ~ l a ~ e d  or cleaned with a thin wire or sewlna needle. If 
the skeens on the beakers need to be clean&, a tooth- 
brush can be used to brush the outside of screens. 

A.4.5.2 Overlying water can be aerated by suspending 
Pasteur pipets (e.g., Pyrex disposable 14.5-cm [5.75 inch] 
length) about 3 cm above the sediment surface in the 
beakers. Five-way stainless-steel gang valves are sus- 
ended from the s~littina chamber us:no stainless-steel 

hooks. Latex tubing (3.2rmm [I18 inch] ikerdiameter) is 
used to connect valves and pipets. Flow rate of air should 
be maintained at about 2 to 3 bubblesls and the pipets 
can be placed on the outside of the beakers when samples 
of overlying water are taken during a test. 

A.4.5.3 The splitting chambers were used to deliver water 
in a toxicity test with the midge Chironomus tenfans 
exposed to metal-contaminated sediments (Zumwalt et 
al., 1994). Ten third-instar midges were exposed in 300-mL 
beakers containing 100 mL of sediment and 175 mL of 
ovellying water at 23°C. Midges in each beaker received a 
daily suspension of 4 mg Tetrafin@ flake food and sur- 
vival and growth were measured afler 10 d. Splitting 
chambers delivered 50 mLlcycle of overlying water to 
each of the eight replicate beakerslsediment sample. One 
liter of water was delivered with a single-cell diluter to 
each splitting chamber 4 timesld. This cycle rate resulted 
in 1.1 volume additions of overlying waterld to each 
beaker ([4 cyclesld x 50-mL volumelcycle]ll75 mL of 
overlying water). The variation in delively of water be- 
tween 24 beakers was less than 5%. 

A.4.5.4 Hardness, alkalinity, and conductivity in water 
overlying the sediments averaged about 20% higher than 
inflowing water. These water-quality characteristics tended 
to be more similar to inflowing water at the end of the 



exposure compared with the beginning of the exposure. 
The average pH was about 0.3 units lower than inflowing 
water. Ammonia in overlying water ranged from 0.20 to 
0.83 mglL. The dissolved oxygen content was about 1 mg/L 
lower than inflowing waterat the beginning of the expo- 
sure and was about 2 to 3 ma/L lower than intlowina water 
by the end of the exposure. .%lvival and growth of midges 
were reduced with exposure to metal-contaminated sedi- 
ments. Water delivered at a similar rate to a second set of 
beakers using a system described by Benoit et al. (1993) 
resulted in similar overlvina water aualitv and similar toxic . - . . 
effects on midges. 

A.4.5.5 The system has been used to deliver 33 %o salt 
water to exposure chambers for 10 d. Precipitation of 
salts on the tips of the needles reduced flow from the 
syringes. Use of a larger bore needle (16-gauge) reduced . . 
clogging problems: however, daily brushing the needle 
t i ~ sis reauired. Use of laraer bore needles with 300-mL 
bkakers containing 100 m i  of sediment and 175 mL of 
overlying water results in some suspension of sediment in 
the overlvina water. Th~s sus~ensionof sediment can be 
eliminated the stream of water from the larger bore 

needle falls on a baffle (e.g., a piece of glass) at the 
surface of the water in the beaker. 

A.5 Brunson et al. (1998) describe a water-delivery 
system for use with larger exposure chambers in the 
Lumbriculus variegatus sediment exposures (Section 13). 
Exposures of oligochaetes by Brunson et al. (1 998) were 
conducted for 28 d in 4-L glass beakers containing 1 L of 
sediment and 3 L of overlying water. Four replicate 
chambers were tested for each sediment sample evalu- 
ated. Each beaker was calibrated to 4 L using a glass 
standpipe that exited through the beaker wall and was 
held in place with a silicon stopper. Beakers received 
2 volume additions (6 L) of overlying water per day. Water 
was delivered using a modified~ount and 8rungs diluter 
svstem that was desioned to deliver 1Ucvde (lnaersoll and 
els son, 1990). An in2ine flow splitter wag attacGd to each 
delivery line to split the water flow evenly to each of four 
beakers. These solitters were constructed of 114 inch PVC 
pipe with four silibne stoppers and 14-gauge stainless- 
steel hypodermic needles with the points and connector 
ends cut off the needles (Fiaure A.5). Glass stands were 
used to support the splitters, ieeping them level to maintain 
a constant volume delivery to each beaker (+5%). 

Flgure A.5. Diagram of In-line flow splitter used to deliver overlying water in the sediment exposures of Lumbriculus 
varlegatus (Brunson et al., 1998). 





Appendix B 

Food Preparation 


6.1 Yeast, CerophylB, and Trout Chow 3. Combine the yeast suspension immediately (do 
(YCT) for Feeding the Cultures and not allow to settle) with equal volumes of super- 

Hyalella azteca natant from the trout chow (above) and Cerophyk9 
preparations (below). Discard excess material. 

B.l.l Food should be stored at 4°C and used within two 

weeks from preparation; however, once prepared, YCT Cerophyi@ is prepared as follows: 

can be frozen until use. 


1. 	 Place 5.0 g of dried, powdered cereal or alfalfa 
B.1.2 Digested trout chow is prepared asfollows: 	 leaves, or rabbit pellets, in a blender. Cereal 

leaves are available as "Cereal Leaves" from 
1. 	 Preparation of trout chow requires one week. Sigma Chemical Company, P.O. Box 14508, St. 

asUse 118 inch pellets prepared according to cur- Louis, MO, 63178 (8001325-3010); or 
rent U.S. Fish and Wildlife Service specifica- CerophylG3, from Ward's Natural Science Estab- 
tions. Suppliers of trout chow include Zeigler lishment. inc., P.O. Box 92912, Rochester, NY, 
Bros., Inc., P.O. Box 95, Gardners, PA, 17324 14692-9012 (7161359-2502). Dried, powdered al- 
(7171780-9009); Glencoe Mills, 1011 Elliott, falfa leaves may be obtained from health food 
Glenwe. MN, 55336 (3201864-3181); and Murray stores, and rabbit pellets are available at pet 
Elevators, 118 West 4800 South, Murray, UT shops. 
84107 (8001522-9092). 

2. 	 Add 1 L of deionized water. 
2. 	 Add 5.0 g of trout chow pellets to 1 L of deionized 

water. Mix well in a blender and pour into a 2-L 3. Mix in a blender at high speed for 5 min, or stir 

separatofy funnel or similar container. Digest be- overnight at medium speed on a magnetic stir 

fore use by aerating continuously from the bot- plate. 

tom of the vessel forone week at ambient labora- 

torv temperature. Water lost due to eva~oration is 4. If a blender is used to suspend the material, 

replaced during digestion. Because ofthe offen- place in a refrigerator overnight to settle. If a 

sive odor usually produced during digestion, the magnetic stirrer is used, allow to settle for 1 h. 

vessel should be placed in a ventilated area. Decant the supernatant and combine with equal 


volumes of supernatant from trout chow and yeast 
3. 	 At the end of the dicestion ~eriod. allow material preparations (above). Discard excess material. 

to settle for a minim;m of l'h. ~ i l t e r  the superna- 
tant through a fine mesh screen (e.g., Nitex@ 8.1.5 Combined yeast-ceroph~l-trout chow (YCT) is 
110 mesh). Combine with equal volumes of the mixed as foliOws: 
supernatant from Cerophyl@ and yeast prepara- 
tion (below). The supernatant can be used fresh, 1. Thoroughly mix equal (e.g.. 300 mL) volumes of 
or it can be frozen until use. Discard the remain- the three foods as described above. 
ing particulate material. 

2. 	 Place aliquots of the mixture in small (50 mL to 
B.1.3 Yeast is prepared as follows: 	 100 mL) screw-cap plastic bottles. 

1. 	 Add 5.0 g of dry yeast, such as Fleishmann9s@ 3. Freshly prepared food can be used immediately, 
Yeast, Lake State Kosher Certified Yeast, or or it can be frozen until needed. Thawed food is 
equivalent, to 1 L of deionized water. stored in the refrigerator between feedings and is 

used for a maximum of two weeks. Do not store 
2. 	 Stir with a magnetic stirrer, shake vigorously by YCT frozen over three months. 


hand, or mix with a blender at low speed, until the 

yeast is well dispersed. 




4. 	 It is advisable to measure the dry weight of solids 
in each batch of YCT before use. The food should 
contain 1.7 to 1.9 g solidslL. 

B.2 Algal Food 

8.2.1 Starter cultures of the green algae, Selenasfrum 
capricornutum are available from the following sources: 
American Type Culture Collection (Culture No. ATCC 
22662), 12301 Parklawn Drive, Rockville, MD 10852, or 
Culture Collection of Algae, Botany Department, Univer- 
sity of Texas, Austin. TX 78712. 

8.2.2 Algal Culture Medium for the green algae is pre- 
pared as follows (USEPA, 1993a): 

1. 	 Prepare stock nutrient solutions using reagent 
grade chemicals as described in Table B.1. 

Table 6.1 	 Nutrient Stock Solutions for Maintaining Algal 

Stock Cultures 


Stock Compound . Amount dissolved in 
solution 	 500 mL deionized water 

1. 	 Macronutrients 

B. MgS0,.7H20 

C. K2HP0, 

D. NaHCO, 

2. 	 Micronutrients 

H,BO3 

MnC12.4H,0 

ZnCi, 

FeCI3.6H,O 

CoCi,~6H20 

Na,MoO,.ZH,O 

CuCI,.ZH,O 

Na2EDTA.2H,O 

Na,SeO, 1.196 mgS 

'ZnCI,-Weigh out 164mganddiiuteto 100 mL. Add 1 mLofthissolution 
to micronutrient stock. 


2CoC1,.6H20-Weigh out 71.4 mg and dilute to I00 mL. Add 1 mL of 

this solution to micronutrient stock. 


3Na,Mo0,.2H20-Weigh out 36.6 mg and dilute to 10 mL. Add 1mL 

of this solution to micronutrient stock. 


4CuCi,.2HzO-Weigh out 60.0 mg and dilute to 1000 mL. Take ImL 

ofthi~solut~on
and dilute to 10 mL.Take 1 mLoftheseconddilution and 
add to micronutrient stock. 

SNa,SeO,-Weigh out 119.6 mg and dilute to 100 mL. Add 1 mL ofthis 
solutlon to micronutrient stock. 

2. 	 Add 1 mL of each stock solution, in the order 
listed in Table B.1, to about 900 mL of deionized 
water. Mix well after the addition of each solution. 
Dilute to 1 L, mix well. The final concentration of 
macronutrients and micronutrients in the culture 
medium is listed in Table 8.2. 

3. 	 Immediately filter the medium through a 0.45 pm 
pore diameter membrane at a vacuum of not 
more than 380 mm (15 in.) mercury, or at a pres- 
sure of not more than one-half atmosphere (8psi). 
Wash the filter with 500 mL deionized water be- 
fore use. 

4. 	 If the filtration is carried out with sterile appara- 
tus, the Rltered medium can be used immedi- 
ately, and no further sterilization steps are re- 
quired before the inoculation of the medium. The 
medium can also be sterilized by autoclaving 
after it is placed in the culture vessels. Unused 
sterile medium should not be stored more than 
one week before use, because there may be 
substantial loss of water by evaporation. 

8.2.3 Algal Cultures 

6.2.3.1 Two types of algal cultures are maintained: 
(1) stock cultures and (2) "food cultures. 

Table 6.2 	 Flnal Concentration of Macronutrients and 
Micronutrlents in  the Algal Culture Medium 

Macronutrient Concentration Element Concentration 
( m g i ~ )  (mgiL) 

4.20 

2.90 

1.20 

1.91 

0.186 

11.0 

0.469 

2.14 

Micronutrient Concentration Element Concentration 

(IJglL) ( W L )  

H3B03 185 B 32.5 
MnCI,.4H2O 416 Mn 115 

ZnC12 3.27 Zn 1.57 

CoC1,-6H,O 1.43 Co 0.354 

CUCk2H20 0.012 Cu 0.004 
Na,MoO,.ZH,O 7.26 Mo 2.88 

FeC13'6H20 160 Fe 33.1 
Na2EDTA.2H,O 300 - -
Na,SeO, 2.39 Se 0.91 



6.2.3.2 Establishlng and Malntaining Stock Cultures 
ofAlgae 

1. 	 Upon receipt of the "starter" culture of 
S. capricornutum (usually about 10 mL), a stock 
culture is started by aseptically transferring 1mL 
to each of several 250-mLculture flasks contain- 
ing 100 mL algal culture medium (prepared as 
described above). The remainder of the starter 
culture can be held in reserve for up to six 
months in a refrigerator (in the dark) at 4°C. 

2. 	 The stock'cultures are used as a source of algae 
to initiate "food" cultures. The volume of stock 
culture maintained at any one time will depend on 
the amount of algal food required for culture. 
Stock culture volume may be rapidly "scaled up" 
to several liters usina 4-L serum bottles or similar 
vessels containing SL of growth medium. 

3. 	 Culture temperature is not critical. Stock cultures 
may be maintained at 25°C in environmental 
chambers with cultures of other oraanisms if the 
illumination is adequate (continuous "cool-whlte" 
fluorescent lighting of about 4300 lux). 

4. 	 Cultures are mixed twice daily by hand. 

5. 	 Stock cultures can be held in the refrigerator until 
used to start "food" cultures, or can be transferred 
to new medium weekly. One to 3 mL of 7-d-old 
algal stock culture, containing about 1.5 X 
l o 8  cellslmL are transferred to each 100 mL of 
fresh culture medium. The inoculum should pro- 
vide an initial cell density of about 10,000 to 
30,000 cellslmL in the new stock cultures. Asep- 
tic techniques should be used in maintaining the 
stock algal cultures, and care should be exer- 
cised to avoid contamination by other 
microorganisms. 

6. 	 Stock cultures should be examined microscopi- 
cally weekly at transfer for microbial contamina- 
tion: Reserve quantities of culture organisms can 
be maintained for 6 to 12 months ifstored in the 
dark at 4°C. It is advisable to prepare new stock 
cultures from "starter" cultures obtained from es- 
tablished outside sources of organisms every 
four to six months. 

8.2.3.3 	Establishing and Maintaining 
"S. caprico~nutum ~ood"cui tures 

1. 	 '3.capricornutum food" cultures are started 7 d 
before use. About 20 mL of 7-d-old algal stock 
culture (described in the previous paragraph), 
containing 1.5 X lo6cells1mL are added to each 
liter of fresh algal culture medium (e.g., 3 L of 
medium in a 4-L bottle or 18 L in a 20-L bottle). 
The inoculum should provide an initial cell den- 
sity of about 30,000 cells1mL. Aseptic techniques 
should be used in preparing and maintaining the 

cultures, and care should be exercised to avoid 
contamination by other microorganisms. How- 
ever, sterility of food cultures is not as critical as 
in stock cultures because the food cultures are 
used in 7 to 10 d. A one-month supply of algal 
food can be grown at one time and stored in the 
refrigerator. 

2. 	 Food cultures may be maintained at 25°C in 
environmental chambers with the algal stock cul- 
tures or cultures of other organisms if the illumi- 
nation is adequate (continuous "cool-white" fluo- 
rescent lighting of about 4300 lux). 

3. 	 Cultures are mixed continuously on a magnetic 
stir plate (with a medium size stir bar), in a 
moderately aerated separatory funnel, or are manu- 
ally mixed twice daily. If the cultures are placed 
on a magnetic stir plate, heat generated by U-te 
stirrer might elevate the culture temperature sev- 
eral degrees. Caution should be taken to prevent 
the culture temoeraturefrom risina more than 2 to 

6.2.3.4 Preparing Algal Concentrate o f  
S. capricornutum for Use as Food 

1. 	 An algal concentrate of S. capricornutum con- 
taining 3.0 to 3.5 X 10' ceiislmL is prepared from 
food cultures by centrifuging the algae with a 
plankton or bucket-type centrifuge, or by allowing 
the cultures to settle in a refrigerator for at least 
one week and siphoning off the supernatant. 

2. 	 The cell density (cellslmL) in the concentrate is 
measured with an electronic particle counter, mi- 
croscope and hemocytometer, fluorometer, or 
spectrophotometer a d  used to determine the 
dilution (or further concentration) required to 
achieve a final cell count of 3.0 to 3.5 X lo7  
cells/mL. 

3. 	 Assuming a cell density of about 1.5 X l o 6cells1 
mL in the algal food cultures at 7 d, and 100% 
recovery in the concentration process, a 3-L cul- 
ture at 7 to 10 d will provide 4.5 X lo9algal cells. 

4. 	 Algal concentrate can be stored in the refrigerator 
for one month. 

5. 	 Cultures of Hyaieiia azteca are fed 10 mUL on 
renewallharvest days and 5 mUL on all other 
days (USEPA, 1993~). 

5.2.3.5 	Cell Counts 

1. 	 Several types of automatic electronic and optical 
particle counters are available to rapidly count 
cell number (cells1mL) and mean cell volume 
(MCV; (~m~lcell). The Coulter Counter is widely 
used and is discussed in detail in USEPA (1 978). 
When the Coulter Counter is used, an aliquot 



(usually 1mL) of the test culture is diluted 1OX to 
20X with a 1% sodium chloride electrolvte solu- 
Gn,  such as Coulter ISOTONB, to jacilitate 
counting. The resulting dilution is counted using 
an aperture tube with a 100-pm diameter aper- 
ture. Each cell (particle) passing through the 
anerlure causes a vokaoe droo ~rooortional to its -r- -- - - - - - - - - 

volume. ~ ~ p e n d i n g  
on ihe model, ihe instrument 
stores the lnf~rmatlon on the number of particles 
and thevolume of each, and calculatesthemean 
cell volume. The following procedure is used: 

A. 	 Mix the algal culture in the flask thoroughly 
by swirling the contents of the flask about six 
times in a clockwise direction, and then six 
times in the reverse direction; repeat the two- 
step process at least once. 

8. 	At the end of the mixing process, stop the 
motion of the liquid in the flask with a strong 
brief reverse mixing action, and quickly re- 
move 1rnL of cell culture from the flask with 
a sterile pipet. 

C. Place the aliquot in a counting beaker, and 
add 9 mL (or 19 mL) of electrolyte solution 
(such as Coulter ISOTON@). 

D. 	 Determine the cell density (and MCV, if de- 
sired). 

2. 	 Manual microscope counting methods for cell 
counts are determined using a Sedgwick-Rafter. 
Palmer-Maloney, hemocytometer, inverted rni- 
croscope, or similar methods. For details on mi- 
croscope counting methods, see APHA (1992) 
and USEPA (1973). Whenever feasible, 400 cells 
per replicate are counted to obtain *lo% preci- 
sion at the 95% confidence level. This method 

has the advantage of allowing for the direct ex- 
amination of the condition of the cells. 

B.3 Tetrafin@ Food (or Other Fish Flake 
Food) for Culturing and Testing 
Chironomus tentans 

8.3.1 F O O ~should be stored at 4°C and used within two 
weeks from preparation or can be frozen until use. If it is 
frozen, it should be reblended, once thawed, to break up 
any clumps 

1. 	 Blend the Tetrafin@ food in deionized water for 1 
to 3 min or until very finely ground. 

2, 	 ~ i l t ~ ~through an #I 10 it^^ screen to re-slurry 
move large particles. Place aliquot of food in 
100- to 500-mL screw-top plastic bottles. It is 
desirable to determine dry weight of solids in 
each batch of food before use. Food should be 
held for no longer than two weeks at 4°C. Food 
can be frozen before use, but it is desirable to 
use fresh food. 

3. 	 TetrafinBfood is added to each culture chamber 
to provide about 0.04 mg dry solidsImL of culture 
water. A stock suspension of the solids is pre- 
pared in culture water such that a total volume of 
5.0 mL of food suspension is added daily to each 
culture chamber. For exam~le, if a culture cham- 
bervolume is 8 L, 300 mg of food would be added 
daily by adding 5 mL of a 56 glL stock suspen- 
sion (USEPA, 1993). 

4. 	 In a sediment test, Tetrafine food (4.0 glL) is 
added at 1.5 mL daily to each test chamber. 

mailto:ISOTON@)
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,Appendix C 

Supplies and Equipment for Conducting the 


Chironomus tentans Life-cycle Sediment Toxicity Test 


C.1 General 

C.l.l Section 15 outlines the methods for conducting a 
Chironomus tentans life-cycle sediment toxicity test. This 
Appendix describes the equipment needed to conduct 
this test. 

C.2 Emergence Traps (Figure C.l) 

C.2.1 These traps are needed from Day 20 to the end of 
the test. These traps fit on the top of the lipless glass 
beakers with the narrow end up. These are 5-ounce 
plastic cups with 14-mesh nylon screen glued to the cup 
in place of the plastic bottom. 

C.3 ReproductionlOviposit Chambers 
(NO; FigureC.2) 

C.3.1 ~h~~~RIO chambers use emergencetraps and are 
needed once adults begin to emerge, E~~~~~~~~traps 
are used to store adults collected daily, and are placed in 
a 100- X 20-mm petri dish that contains about 50 mL of 
Overlying water. When emergence the emer-
gence traps containing adults are removed and Placed 
onto a petri dish. At least one male for each emergent 
female is added, and the RIO chamber (Figure C.2) is 
placed back into the test system or into environmental 
chambers maintained at the appropriate temperature and 
liahtino. A new emergence trag is then olaced on too of 
the lipjess beaker. The RIO chambers'are kept in this 
manner to collect the egg masses and track mortality of 
adults. If space is not a limiting factor, maintaining one 
WO chamber per pair of organisms is encouraged. Where 
space is limited, many adults may be kept in a single RIO 
chamber, and the chambers may be double stacked 
(Double Stack Support Stand described in Section C.8) 
using a larger plastic (9-ounce) cup that serves as a stand 
for the second level of the emergence trap. The egg 
masses are removed by lifting the edge of the cup enough 
to permit transfer with a pipet. 

C.4 Adult Collector Dish (FigureC.3) 

C.4.1 This is used as a tray which is placed under the 
emergence trap or reproductionloviposit (WO) chambers 
to provide access to adults and to facilitate transfer of the 

males and females as needed. This dish is constructed 
of large petri dishes, i.e., 100- X 20-mm glass dishes or 
100-X 20-mm plasticdishes. A2.54-cm hole is cut in the 
middle and covered with 58-mesh opening nylon screen. 
Two slits are cut within the screen at 90 degree angles to 
each other. This facilitates insertion of the aspirator tube 
without risk of the adults flving awav. . -

C.5 Aspirator (Figure C.3) 

C.5.1 This is used to collect and transfer adults from the 
r e ~ r ~ d ~ ~ t i ~ n / ~ ~ i ~ ~ S i tIWO) chambers. A 60-cc svrinae is 
modified by cutting the end with the tip ofl and addkg a 
retainer to hold the emergence traps and reproductive1 
oviposit chambers. The retainer is a 7-cm diameter 
pl&tic lid (from 270-mL wide mouth glass jar) and a large 
stoooer is used to hold the svrinae. The stoooer and the 
lid is drilled with a hole s a i o f  about 1 inch.' The large 
stopper is glued to the lid. This retainer is then attached 
to the syringe. To facilitate transferring the animals. 
prepare two tubes,.one about 16 cm in length and one 
about 4 cm (6-mm ID) and place these in a stopper (i.e.. 
No, 5, 5,5 or 6) that has been drilled with two holes,
Fasten a section (about 70 cm) of tygon tubing onto the 
short oiece of alass and cover the tube with a oiece of thin 

~ ~ ~. - ~ ~ - , ~-

stainless steel screen (250-"m mesh) before inserting the 
tube into the rubber stopper. Adults should be stationary 
in trap to minimize the possibility of escape. 

C.6 Auxiliary Male Holding Dish 

C.6.1 When emergence begins in the auxiliary beakers, 
the males are transferred individually to inverted 60- X 
15-mm plastic petri dishes with several small holes (3 mm 
in diameter) drilled in the top. A thin layer of overlying 
water (about 5 mL) is added and renewed until the males 
are needed for the reproduction chambers. These males 
are held in the test system for temperature control, and 
can be used for uo to 5 d after collection. 

C.7 Egg Hatching Chamber 

C.7.1 Petri dishes, 60- X 15-mm plastic, are used to 
incubate (23°C) egg masses in approximately 15 mL of 
water. Hatch is monitored for 6 d. Hatch success is 
determined by subtracting the numberof unhatched eggs 
at the end of 6 d from the initial estimate of the egg mass. 



Flgure C.1. 	 Emergence trap used In the llfe-cycle Chlronomus 
tentanssedlment test. A: the nylon screen; B: the 
Inverted plastlc cups; C: the 300-mL lipless expo- 
sure beaker; D: the water exchange screen ports; 
E: test sedlment. 

Flgure C.2. 	 The reproductlonlovlposlt chamber with the 
double stack support stand. A: the notched, 
inverted 270-ml (9-02) plastic cup used to allow 
double stacking; 6: the reproductlonlovlposlt (RI 
0)unit (C and D); C: inverted, 120-mL (4-02) plastic 
cup wlth nylon screen: D: one-half of petrl dlsh 
(100 X20 mm) wlth 50 mLof overlylng water; E: the 
reproductlonloviposlt (RIO) chamber. 

C.8 Supplies and Sources 

A. Emergence TrapIReproduction Oviposit Chamber. 

1. 120-mL (Bounce) plastic cups, Plastics Inc., 
St. Paul, MN 55164. 

2. 	 1400-mesh opening (micron) nylon screen 
(mesh count = 14linch). MonodunB 1400 
Farbric Corporation, 7160 Northland Circle, 
Minneapolis. MN 55428,6121535-3220. 

B. 	 Double Stack Support Stand: 270-mL (9-ounce) 
plastic cups, Solo Inc, Urbana, IL, 61801-2895. 

C. Aspirator. 

1. 	 60-cc syringe, 1 each. B-D@ No. 309663, 
Becton and Dickinson & Company, Franklin 
Lakes, NJ 07417-1884. 

2. 7-cm diameter plastic lid. 1 each. 

3. Rubber stopper, 1 each, size 10, 10.5, or 11. 

4. Rubber stopper, 1 each, size 5.5 or 6. 

5. 	 Glass tubing, 6-mm I.D., 1- 16 cm lone, 1- 
4 cm long. 

6. 	 Nalgene 6-mm plastic connector for mouth 
piece. 

7. Stainless-steel screen. 250-pm mesh 

D. 	 Auxiliary Male Holding Chamber: 60- X 15-mm 
petri dish with 3-mm holesdrilled, Falcon 1007 B- 
W,Becton and Dickinson and Company, Franklin 
Lakes, NJ 07417-1884. 

E. 	Egg Hatching Chambers: 60- X 15-mm petri dish, 
Falcon 1007 &D@, Becton and Dickinson and 
Company, Franklin Lakes, NJ 07417-1884. 

F. Adult Collector Dish: 

1. 100-X 20-mm glass petri dish with a 2.54-cm 
access hole. Coming Glassware Coming, New 
York or 100- X 20-mm plastic petri dish with a 
2.54-cm access hole, Falcon 1005 B-D@, 
Becton and Dickinson and Company. Franklin 
Lakes, NJ 07417-1884. 

2. 58-mesh opening nylon screen, cut with slits 
at 90' angles to each other, Monodut@.Farbric 
Corporation, 7160 Northland Circle, 
Minneapolis, MN 55428,8121535-3220. 

mailto:Monodut@.Farbric


Figure C.3. 	 Adult collectlonltransfer equipment. A: transfer retainer unlt showing inverted plastic cover and rubber stopper glued 
Inslde of It; 6: 60-cc syringe; C: plunger; D: detachable asplrator unit; E: long glass collector tube; F: short glass 
tube to serve as connector for inhaler tube; note stainless steel screen attached to end through stopper; G: 2.hole 
rubber stopper; H: nalgene plastic connector attached to tygon tubing and used as a mouthpiece to provide slight 
suctlon; I: collector dlsh, one-half of glass or plastic petri dish; J: petri dish with hole access that is screen covered 
and slotted; K: tygon tublng attached to glass tubing (F). 

C.9 	Construction of an Adult Midge 
Emergence Trap for Use in a 
"Zumwalt" Exposure System in 
Life-cycle Sediment Tests 

C.9.1 The construction of the emergence traD described 
in Figure C.4 is an alternate design to the trap illustrated in 
Figures C.1 and C.2. The emergence trap illustrated in 
Figure C.4 is designed to fit under the exposure system 
described by ZUmwalt et (19Q4; Section A.4). The 
level of the syringes will need to be raised about 1 112 
inches using the threaded steel rods supporting the upper 
chamber. 

C.9.2 Cut a 2 112-inch plexiglass tube into 1114-inch-long 
pieces using a bandsaw or miter box and a handsaw. 

C.9.3 Drill a 112-inch hole in the side (middle) of the 
1 114-inch ring of plexiglass. Cuta small board to fit inside 
of the Ill4-inch ring to help suPPoflthe Plexiglass when 

drilling. The 112-inch drill bit should be dulled to help 
prevent the bit from digging in too fast. 

C.9.4 Drill three 1116-inch holes in the plexiglass ring 
soaced evenlv around the rind and 114 inch off the bottom -
ofthe ring. ' 

C,9.5 Trace around the stainless-steel screen, Cut out 
screen and place on top of the plexiglass Use aring, 
propane-soldering torch or glass-blowing torch to heat up 
one end of a 1/4-inch or 3/&inch threaded steel rod (about 
12 to 15 inches longso that one end remainscool). press 
the hot end of the steelrod against screen andthe 
~lexiglassuntil the screen melts into the ~lexiglass (usu- 
ally afew seconds). Repeat the processuntilihe screen 
is completely melted to the top of the plexiglass ring. 

C.9.6. Bend 4-mm glass tubing (outer diameter) over a 
propane-soldering torch or glass-blowing torch and cut the 
tubing with a glass wheel or etch the tubing a fileto 
break, hi^ glasstube is onlyto be used ifbeakers need 



Figure C.4 Emergence traps that can be used with the Zumwalt water-delivery system described In Section A.4. 

to be aerated during the midge exposure. An air line is 
connected to each tube and a gang valve is used to 
regulate air flow (about 1 bubblelsecond). The glass tube 
extends below the bottom of the plexiglass tube into the 
surface of the overlying water. A 4-mm slot will need to 
be cut in the petri dish in order to slide the petri dish under 
the emergence trap to remove adult midges from the test 
beakers (~igure C12). The emergence irap capped with 
this petri dish can then be set on a 300-mL beaker to 
remove the adults with an aspirator as illustrated in 
Figure C.3. 

C.9.7 Press 318-inch-long pins into the three 1116-inch 
holes drilled in the side of the olexiolass tube. These ins 
make the plexiglass tube stalile onthe top of the beaker. 

C.9.8 If the ~lexialass tubes are used in beakers with a 
notch at the iop (i.;., the beakers described in Zumwalt et 
al., 1994; Section A.4), a 2-cm length of 118-inch inner 
diameter latex tubing will need to be slit lenathwise and 
then slipped onto thebottom of the tube. This 
tubing is then lined up with the notch in the beakers to 
prevent emerging midges from escaping. This piece of 
tubing is not needed if beakers described in Benoit et al. 

(1993) are used (i.e., beakers with holes driiled in the 
side). 

C.9.9 Sua~lies. . 
A. 	McMaster Carr. P.O. Box 4355. Chicago, IL 

60680-4355.7081833-0300 (part number and ma- 
terials). 

1. 8486 	K 115, Acrylic tube 2 112-inch outer 
diameter and 118-inch wall. 

2. 9226 T 84, 16- X 16-inch stainless wire cloth 
(0.018-wire diameter). 

3. 	 90145 A 417, 1116-inch diameter stainless 
dowel pins 318 inch long. 

B. Thomas Scientific, P.O. Box 99, Swedesboro,NJ 
08085-0099. 6091467-2000: 8747-El 7, #00 sili- 
cone stopper. 



Appendix D 

Sample Data Sheets 




C 

Date 4th Mean Dry Date of Total 
Instal Age of Welght of Observed Number of 

Date of Egg Larvae Welghed 4th lnstar F~rst Egg
Culture Mass Were 4thlnstar Larvae Emergent Masses General lnltlalsof 

Aquarium Deposition Welghed Lawae (n = 10) Adult Produced Comments Culturist 

A 

B 

D 

E 

F 

Flgure D.l Data sheet for the evaluation of a Chlronomus tentans culture. 
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Position # Tank # Set up Date -1 -I-. Init. -. 
Embryo Deposition Date -1 - 1 ,  
Embryo Hatch Date (day 0 )  -1 -1-
Number of larvae used to initiate tank 
or number of egg cases used 
Date 10 Days Old Post Hatch -1 - 1  
First Emergence Date -1 -1 

. Conc. . Date Made 
-.Substrate Type 

Flgure D.2 QAIQCdata sheet for Chlronomus tentans culture. 
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Figure D.3 QAIQC data sheets for Chironomus tentans culture. 
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Brood Stock Source Reference Toxicant (CuSO, or KCI) 

Test Type (circle one)': SU SM RU RM FU FM Reference Toxicant Supplier and Lot No. 

No. of Animals Tested Per Replicate 

No. of Replicates Reference Toxicant Purity 

Method of LC50 Estimate Test Initlation Date 

Toxicologist 

Exposure Duration (Hr) 

I J 

Current Test 96-h LC50 = 
Number of Reference-toxicity Test Used 

to Determine Cumulative Mean 96-h LC50 

Mean 96-h LC50 for All Tests to Date 

Acceptability of Current Test2 Y e s No-

' SU = Static unmeasured 
SM =Static measured 
RU = Renewal unmeasured 
RM = Renewal measured 
FU = Flow-through unmeasured 
FM = Flow-through measured 
Based on two standard deviations around the cumulative mean 96 h-LC50 

FigureD.4 Data sheet for performing reference-toxlclty tests. 

1 R l  



Sediment Sample Source .................................. 

..  .

Date of Test Inltlatlon ...................................... 

Toxicologist Conducting T e s t  ............................... 


Figure D.5 Data sheet for temperature and overlying water chemistry measurements. 
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Daily Checklist for Sediment Tests 
olosoluodoqsen 

study ccde MaimurnAccBptabls CmantRbbn 

Shdy Name (40% of Sauratmal TugetTw) 

Bulding DiMsr Wale- Target tenperaktre . .C 

S ~ d yDiedor Amptable Range ' C lo 'C 

Lead T m I d a n  MonUI =-m 

Apprwedby Date 



- - - - - - - - - - -  

- - 
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5

j i -1 1 '1 '1 '1 1 -1 '1 -1 1 1 
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Figure D.7 Data sheet for water quality parametars. 
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Study Code 

Study Name 

Daily Comment Sheet 

Day Date_---- Initials 

Day Date - - Initials 

Day Date - . ln~tials 

O ~ Y  Date - - Initials 

Day Date----- Initials 

Figure D.9 Daily comment data sheet. 
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Weiaht Data Form 

Figure D.10 Weight data sheet. 

1R 7  




Date: TesC 

Specles: Investlgatol: 

Figure D.11 Data sheets for Chlronomus tentans tests. 
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At -on of test; 

1. 	 Sieve sediment from each beaker and record the number of recovered larvae in the 
"suwivaI" column. 

2. 	 Place all larvae from one replicate in a pre-ashed and pre-weighed aluminum weigh pan. 

3. 	 Dry larvae at 60°C for at least 24 hr. 

4. 	 Weigh pan + larvae and record weight under appropriate column of data sheet. 

5. 	 Ash pan + larvae at 550°C for 2 hr. Let cool to room temperature. 

6. 	 Weigh pan + ashed material. 

7. 	 Remove ash (e.g. with a small brush) and weigh pan. 

8. 	 Calculate dry weight as the difference between the pan+larvae weight and the pan weight. 

9. 	 Calculate ash-free dry weight as the difference between the pan+lawae weight and the 
pan+ash weight. 

Figure D.12 lnstructlons for terminating a Chironomus tentans test. 



Figure D.13 Data shwt for the Chlronomus tentans llfecycls test. 
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Dac 01128196 Species: C. tentms 

316 8 transferred t o  7RR-C on 316 I 



Copy of a sample data sheet that will be used to record all information pertaining to emergence and reproduction of 
C. tentans during the life-cycle test. For clarity, consistency, and ease of data interpretation, it is important that 
each lab fill out this sheet as illustrated. A brief interpretation of each recording (column) is provided below. 

I Data Sheet Requirement. One data sheet is needed for each replicate. Thus, a treatment having 8 reproduction 
replicates will have 8 data sheets (survival and growth data are recorded on separate sheets). All emergence and 
reproduction data for a replicate are recorded on the corresponding data sheet. 

II Recording Pupae, Emergence, and Egg Mass Data. Record all pupae, emergence, and egg mass data as dates. 

Ill 	Column Heading lnterpretatlon 

Station/Slte and Replicate. Enter name of sample and corresponding replicate (e.g., 7RR-A). 

Larvae #. These numbers correspond to the 12 larvae placed in each replicate. 


Dead Pupae. If it is not possible to determine the gender of the dead pupae, enter the date foundin the "No ID" 

column. Otherwise, enter the date found in either the male or female column. 


Date of Emergence. Ifan adult has not completely shed the pupal exuviae, enter the date found under the "partlal 

emergence" category as a male or female. If emergence is complete but the adult is dead (typically floating on 

the water surface), record date under "complete emergence" category as a male or female and enter a footnote 

as indicated in "footnote a" in comments section of data sheet. 


Partially emerged adults, and those that have emerged completely but were unable to escape the surface tension 

of the water, usually die within 24 hr. In both cases, the date of death should be recorded as one day later under 

the "Date Adult Dled" column. 


Date o f  EggMass. Record the date on which the egg mass was collected from the replicate. 


EggCounts. Enter number of eggs counted using either the acid-digestion (direct count) or ring method (indirect 

count). 


Number Eggs Not Hatched. Enter the number of unhatched eggs from each oviposited egg mass for which an 

indirect count (ring method) was determined. 


Date Adult Dled. Enter the date that the adult died (be sure to follow transferred adults). 


IV 	 Comments Section. All comments concerning adult transfers and emergence patterns should be recorded in this 
section as footnotes (see footnotes a-e on sample data sheet). 

V 	 Data Summary Section. At termination of each replicate, record the Number of Larvae Recovered at End of Test 
after sieving and determine the number of Total Larvae alive during the test. Also record the Number Dead Pupae, 
Number DeadlEscaped Adults, Total Emerged Adults, and number of Total Egg Masses by summing the 
appropriate columns. 

VI Example Entries for C. tentans Data-Sheet 7RR-A 

Example #l.	On 2/23/95 a male emerged from this replicate. This is recorded under the "Male" category of the 
"Complete Emergence" column on the first line. This male was fully emerged but was dead and floating 
on the water surface. This is recorded as footnote "a" in the "Comments" section and the date of death 
recorded under the "Date Adult Died column. 

Example #2. 	 A female emerged from this replicate on 2/26/95 which is recorded under the "Female" heading of the 
"Complete Emergence"coiumn. This female produced an egg mass on 2/28/96 which is recorded under 
the "Date of Egg Mass" column. 

Example #3. 	 A dead pupae was recorded on 3/4/95. Since the sex was not determined, it was recorded under the 
"No I D  heading of the "Dead Pupae" column. Pupal sex may be determined by examining the genitalia 
under a dissecting microscope (the genitalia can be seen through the pupal exuviae which is usually, 
but not always, transparent). 

Example #4. 	 A male emerged on 2/24/95 in 7 RR-A and was transferred to replicate 7RR-B. This is shown as foot- 
note "b". Recording this type of data helps to keep track of where males are and the number of times 
they have reproduced. 

A male from 7SR-A (one of the stand-by replicates) was transferred to 7 RR-A on 3/8/95. This is 
recorded as footnote "e" on the 7RR-A data sheet. For completeness, a corresponding footnote on 
the 7 SR-A data sheet should be made regarding this transfer. 

D.15 instructions for completing the Chlronomus tentans life-cycle test data sheel. 
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