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NOTICE AND DISCLAIMER

This document provides guidance to NPDES regulatory authorities and persons interested in
whole effluent toxicity testing. This document describes what EPA believes to be sources of
variability in the conduct of whole effluent toxicity testing under the Clean Water Act. The
document is designed to reflect national policy on theseissues. The document does not, however,
substitute for the Clean Water Act, an NPDES permit, or EPA or State regulations applicable to
permits or whole effluent toxicity testing; nor is this document a permit or aregulation itself. The
document does not and cannot impose any legally binding requirements on EPA, States, NPDES
permittees, and/or |aboratoriesconducting whol e effluent toxicity testing for permittees(or for States
in the evaluation of ambient water quality). EPA and State officials retain discretion to adopt
approaches on a case-by-case basis that differ from this guidance based on an analysis of site-
specific circumstances. This guidance may be revised without public notice to reflect changesin
EPA palicy.
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EXECUTIVE SUMMARY

Background

The Federal Water Pollution Control Act, commonly known as the Clean Water Act, was enacted in
1972 with the objective of “restoring the chemical, physical, and biological integrity of the Nation's
waters.” Among the U.S. Environmental Protection Agency’s (EPA’s) efforts toward this objective is the
National Pollutant Discharge Elimination System (NPDES) program. This program is designed to control
toxic discharges, implement water quality standards, and restore waters to “fishable and swimmable”
conditions. Point sourcesthat discharge pollutants must do so under the terms and conditions of an NPDES
permit. One approach EPA employsto control toxic pollutants under the NPDES permits program is using
whole effluent toxicity (WET) controls.

EPA isissuing this document to both address questions raised on WET test method variability and to
satisfy arequirement of a July 1998 settlement agreement with litigants for the Western Coalition of Arid
States (WestCA'S) and Edison Electric Institute et al. This document was developed by an EPA workgroup
consisting of EPA’s Office of Water's (OW) Headquarters, Office of Enforcement and Compliance
Assurance, Office of Research and Development, and Regional staff. The document was externally peer
reviewed in accordance with EPA’s peer review guidelines. The document addresses WET test method
variability by identifying the potential sources of variance associated with WET testing, discusses how to
minimizeit and, finally, describes how to addressit within the NPDES permitting program. The document
citesboth Agency and external ongoing research on thistopic and scientific findings, particularly technical
information that support efforts to minimize WET test result variability.

While the document provides recommendations on how to reduce or minimize WET test variability,
the document does not supersede current Agency guidance, policy, or regulation, including EPA’s
promulgated test methods (40 CFR Part 136), which remain in effect. EPA expects that implementation of
the NPDES program and NPDES permits will continue to comply with regulatory requirements and follow
applicable EPA guidance and palicy.

Why WET Testing?

Whole effluent toxicity is the aggregate toxic effect of an aqueous sample (e.g., effluent, receiving
water) measured directly by an aquatic toxicity test. Aquatic toxicity tests are laboratory experiments that
measure the biological effect (e.g., growth, survival, and reproduction) of effluents or receiving waters on
aguatic organisms. In aguatic toxicity tests, organisms of a particular species are held in test chambers and
exposed to different concentrations of an aqueous sample, for example, areference toxicant, an effluent, or
areceiving water, and observations are made at predetermined exposure periods. At the end of the test, the
responses of test organisms are used to estimate the effects of the toxicant or effluent.

Whole effluent toxicity test results are an integral tool in the assessment of water quality. For the
protection of aquatic life, the integrated strategy includesthe use of three control approaches: the chemical-
specific control approach, the WET control approach, and the biological criteria/bioassessment/bioassay
approach. The primary advantage of using WET control over individual, chemical-specific controlsisthat
WET integrates the effects of all chemical(s) in the aqueous sample. Reliance solely on chemical-specific
numeric criteriaor the narrative criterion of bioassessment controlswould resultinonly apartially effective
State toxics control program. These toxicity tests therefore must be performed using best laboratory
practices, and every effort must be madeto enhancerepeatability of thetest method. Thisdocument presents
EPA’ s approaches to achieve the goals listed below.
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Effect of This Guidance

Thisdocument clarifies several issuesregarding WET variability and reaffirms EPA’ sguidancein the
Technical Support Document for Water Quality-Based ToxicsControl (TSD, USEPA 1991a). Thisdocument
provides NPDES regulatory authorities and all stakeholders, including permittees, with guidance and
recommendationson how to addressWET variability. EPA’ srecommendationsand conclusionsaredetailed
in Chapter 7, and Appendix C provides sample NPDES permit language reflecting these recommendations.

The most significant recommendation is to use and report the values for the percent minimum
significant difference (PM SD) withall WET dataresults. Theminimum significant difference (M SD), which
isalso referred to aserror mean square (EMS), represents the smallest difference between the control mean
and a treatment mean that leads to the statistical rejection of the null hypothesis (i.e., no toxicity) at each
concentration of the WET test dilution series. The M SD providesan indication of within-test variability and
test method sensitivity. Using thisinformation, the regulatory authority and permittees can better evaluate
WET test resullts.

This document makes several other recommendations, such as continue to use the TSD statistical
approach without adjusting for test method variability, obtain sufficient representative effluent samples,
verify effluent toxicity data against reference toxicant data, maintain clear communication between the
regulatory authority and permittee, and maintain good laboratory checks and certification programs.

Three Goals of This Document

This document describes three goals EPA has defined to addressissues surrounding WET variability.
In addition, the document is intended to satisfy the requirements of a settlement agreement to resolve
litigation over rulemaking to standardize WET testing procedures.

1. Quantify the variability of promulgated test methods and report a coefficient of variation (CV) as
ameasure of test method variability (see Chapter 3 and Appendix A).

2. Evauate the statistical methods described in the Technical Support Document for Water Quality-
Based Toxics Control (TSD) for determining the need for and deriving WET permit conditions (see
Chapter 6 and Appendix G).

3. Suggest guidance for regulatory authorities on approaches to address and minimize test method
variability (Chapter 6). In addition, the document is intended to provide guidance to regul atory
authorities, permittees, and testing laboratorieson conducting the biol ogi cal and stati stical methods
and evaluating test effect concentrations (Chapter 5).

Data Evaluated

EPA assembled a comprehensive data base to examine variability in the WET test methods from the
EPA Regions, severa States, and private laboratories, which represent a widespread sampling of typical
laboratories and laboratory practices. EPA applied severa criteria to the data before they were accepted,
including detailed sample information, strict adherence to published EPA WET test methods, and test
acceptability criteria (TAC). Theresulting data base contains datafrom 75 laboratories for 23 methods for
tests concluded between 1988 and 1999.

Approach Taken To Evaluate Test Method Variability
The variability that EPA is assessing is associated with replicate tests using reference toxicants and

WET testing methods within analytical laboratories. The focus of this guidance is not to quantify test
variability between laboratories or to quantify the total variability of WET tests conducted on effluents.
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Rather, the purpose is to quantify method variability within laboratories (repeatability) to enable NPDES
programs to distinguish between variability caused by the testing method and variability associated with
toxicity of multiple effluent samples taken from the same facility.

Toquantify test method variability within and between laboratori esusing thisdatabase, EPA examined
two key parameters: (1) theeffect concentrations[effect concentration (EC25), lethal concentration (L C50),
no observed effect concentration (NOEC)] estimated by thetest, which are used to derive WET permit limits
and evaluate self-monitoring data with those limits; and (2) the minimum significant difference (MSD),
which summarizesthe variability of organism responses at each test concentration within anindividual test.
The MSD represents the smallest difference that can be distinguished between the response of the control
organisms and the response of the organisms exposed to the aqueous sample. The MSD provides an
indication of within-test variability and test method sensitivity.

Principal Conclusions
The principal conclusions of this document follow.
Evaluation of Test Method Variability

»  Comparisons of WET method precision with analytes commonly limited in NPDES permits
clearly demonstrate that the variability of the promulgated WET methods is within the range
of variability experienced in other types of analyses. Several independent researchers and
studies also have concluded that method performance improves when prescribed methods are
followed closely by experienced analysts (Section 4.1.2).

e Thisdocument provides interim CVsfor promulgated WET methods in Appendix A, Tables
A-1 (acute methods) and A-2 (chronic methods), pending completion of between-laboratory
studies, which may affect these interim CV estimates.

Evaluation of Approach To Incorporate Test Method Variability

» EPA’sTSD presents guidance for developing effluent limits that appropriately protect water
quality, regarding both effluent variability and analytical variability, provided that the WET
criteria and waste load allocation (WLA) are derived correctly (Section 6 and Appendix G).

+ EPA’sanaysisof data gathered in the development of this document indicates that the TSD
approach appropriately accountsfor both effluent variability and method variability. EPA does
not believethat current proposalsfor alternative approaches are avail abl e that would discount
the effects of method variability using the TSD procedures, because the current proposals
would not ensure adequate protection of water quality (Section 6.1.1 and Appendix G).

Development of Guidance to Regulatory Authorities

» EPA recommends that regulatory authorities implement the statistical approach as described
inthe TSD to evaluate effluent for reasonable potential andto derive WET limitsor monitoring
triggers (Section 6.1 and Appendix G).

» EPA recommends that regulatory authorities calculate the facility-specific CV's using point
estimate techniques to determine the need for and derive a permit limit for WET, even if self-
monitoring data are to be determined using hypothesis testing techniques, for example, to
determine a “no effect’ concentration (“NOEC”). This document describes such facility-
specific calculations (Section 3.4.1 and 6.2).
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Additional Recommendations and Guidance

Thisdocument al so providesrecommendati onsand guidance on minimizing variability in three specific
areas in order to generate sound WET test results: (1) obtaining a representative effluent sample; (2)
conducting thetoxicity tests properly to generatethebiol ogi cal endpoints; and (3) conducting theappropriate
stetistical analysis to obtain defensible effect concentrations (EC25, LC50, NOEC). If these
recommendations are addressed, the reliability of the test endpoint values should improve.

Regulatory Authorities. Designasampling programthat coll ectsrepresentative effluent samples
to fully characterize effluent variability for a specific facility over time (Sections 6.1.3 and 6.2).

Regulatory Authorities: Ensure proper application of WET statistical procedures and test
methods (Sections 5.2 through 5.5).

Regulatory Authorities: Incorporate boththe upper and lower boundsusing the percent minimum
significant difference (PMSD) to control and to minimize within-test method variability and
increasetest sensitivity. To achievethe PM SD upper bound, either the replication should increase
or within-test method variability should decrease, or both (Section 6.4 and Table 3-6).

TestingLaboratories: Encourage WET testing |aboratoriesto maintain control chartsfor PMSD
and the control mean and report the PMSD with all WET test results (Section 5.3.1.1).

Regulatory Authorities: Participate in the National Environment Laboratory Accreditation
Program and routine performance audit inspections to evaluate laboratory performance (Section
53.1.1).

Regulatory Authorities: Incorporate EPA’s guidance on error rate assumption adjustments,
concentration-responserel ationshi ps, confidenceinterval's, acceptabl edilution waters, how to block
by parentage for the chronic Ceriodaphnia dubia test, and control of pH drift (USEPA 20004).

Xiv
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ACR
AML
ANOVA

APHA-AWWA -
WEF

ASTM
BSAB
CCC
CFR
CMC
Ccv
CWA
DMR
EMS
EPA
FR

IC
IWC

LC50
LOEC
LTA

MDL
MSD
MSE
MZ
NELAP
NOEC
NPDES
NTRD
PAI
PMSD

LIST OF ACRONYMS AND ABBREVIATIONS!

acute-to-chronic ratio
average monthly limit
analysis of variance

American Public Health Association-American Water Works Associ ation-Water
Environment Federation

American Society for Testing and Materials
Biomonitoring Science Advisory Board

criteria continuous concentration

Code of Federal Regulations

criteria maximum concentration

coefficient of variation

Clean Water Act

discharge monitoring report

error mean sgquare [also referred to as mean sgquare error (M SE)]
U.S. Environmental Protection Agency (also, the Agency)
Federal Register

inhibition concentration

instream waste concentration (sometimes referred to as receiving water
concentration)

lethal concentration, 50 percent
|lowest observed effect concentration

long-term average (LTAa= acute LTA; LTAc = chronic LTA;
LTAa,c = acute-to-chronic LTA)

maximum daily limit

minimum significant difference

mean sguare error [also referred to as error mean square (EM S)]
mixing zone

National Environment Laboratory Accreditation Program

no observed effect concentration

National Pollutant Discharge Elimination System

National Toxicant Reference Database

Performance Audit Inspections

percent minimum significant difference

1

Note: These acronyms and abbreviations may have other meaningsin other EPA programs or documents.
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QA guality assurance

QC quality control

rMSE square root of the mean square error

RP reasonabl e potential

RWC receiving water concentration (sometimes referred to as instream waste
concentration)

SCTAG Southern California Toxicity Assessment Group

SETAC Society of Environmental Toxicology and Chemistry

TAC test acceptability criteria

TIE toxicity identification evaluation

TMDL total maximum daily load

TRE toxicity reduction evaluation

TSD EPA’s Technical Support Document for Water Quality-based Toxics Control
(March 1991, EPA505/2-90-001)

TU toxic unit (TUa = acute toxicity; TUc = chronic toxicity)

VF variability factor

WET whole effluent toxicity

WLA waste |load allocation

WQBEL water quality based effluent limit
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GLOSSARY

Acute Toxicity Test is atest to determine the concentration of effluent or ambient waters that causes an
adverse effect (usually death) on agroup of test organisms during a short-term exposure (e.g., 24, 48, or 96
hours). Acute toxicity is measured using statistical procedures (e.g., point estimate technigques or at-test).

Acute-to-Chronic Ratio (ACR) istheratio of the acute toxicity of an effluent or atoxicant to its chronic
toxicity. It is used as a factor for estimating chronic toxicity on the basis of acute toxicity data, or for
estimating acute toxicity on the basis of chronic toxicity data.

Ambient Toxicity is measured by atoxicity test on a sample collected from areceiving waterbody.
ANOVA isanalysis of variance.

Average Monthly Limit (AML) isthe calculated average monthly limit of waste load all ocation assigned
by a State or EPA for a particular facility.

CCC are water quality criteriafor chronic exposure (criteria continuous concentrations).

Chronic Toxicity Test isashort-term test in which sublethal effects (e.g., reduced growth or reproduction)
are usually measured in addition to lethality. Chronic toxicity is defined as TUc = 100/NOEC or TUc =
100/ECp or ICp.

CMC arewater quality criteriafor acute exposures (criteria maximum concentration).

Coefficient of Variation (CV) isastandard statistical measure of the relative variation of a distribution or
set of data, defined as the standard deviation divided by the mean. It is also caled the relative standard
deviation (RSD). The CV can be used as a measure of precision within (within-laboratory) and between
(between-laboratory) laboratories, or among replicates for each treatment concentration.

Confidencel nterval isthenumerical interval constructed around apoint estimate of apopul ation parameter.

Effect Concentration (EC) isapoint estimate of the toxicant concentration that would cause an observable
adverseeffect (e.g., death, immabilization, or seriousincapacitation) in agiven percent of thetest organisms,
calculated from a continuous model (e.g., Probit Model). EC25 is a point estimate of the toxicant
concentration that would cause an observable adverse effect in 25 percent of the test organisms.

Hypothesis Testing is a statistical technique (e.g., Dunnett’s test) for determining whether a tested
concentration is statistically different from the control. Endpoints determined from hypothesis testing are
NOEC and LOEC. The two hypotheses commonly tested in WET are:

Null hypothesis (H,): The effluent is not toxic.
Alternative hypothesis (H,): The effluent istoxic.

Inhibition Concentration (IC) is a point estimate of the toxicant concentration that would cause a given
percent reduction in anon-lethal biological measurement (e.g., reproduction or growth), calculated from a
continuous model (i.e., Interpolation Method). 1C25 is a point estimate of the toxicant concentration that
would cause a 25-percent reduction in anon-lethal biological measurement.

I nstream WasteConcentration (I W C) isthe concentration of atoxicant inthereceiving water after mixing.
ThelWCistheinverseof thedilutionfactor. Itissometimesreferred to asthereceiving water concentration
(RWC).
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L C50 (lethal concentration, 50 percent) isthe toxicant or effluent concentration that would cause death in
50 percent of the test organisms.

L owest Observed Effect Concentration (L OEC) isthelowest concentration of an effluent or toxicant that
results in adverse effects on the test organisms (i.e., where the values for the observed endpoints are
statistically different from the contral).

L ong-term Averages (L TASs) of pollutant concentration or effluent toxicity are cal culated from waste load
alocations (WLAS), typically assuming that the WLA is a 99" percentile value (or another upper bound
value) based on the lognormal distribution. One LTA iscalculated for each WLA (typically an acute LTA
andachronicLTA for aquaticlifeprotection). TheL TA representsexpectedlong-term average performance
from the permitted facility required to achieve the associated WLA.

Maximum Daily Limit (M DL ) isthe calculated maximum WLA assigned by aState or EPA for aparticular
facility.

Minimum Significant Difference (MSD) is the magnitude of difference from control where the null
hypothesisisrejected in astatistical test comparing atreatment with acontrol. MSD isbased on the number
of replicates, control performance, and power of the test.

Mean Square Error (MSE) is the average dispersion of the items around the treatment means. Itisan
estimate of a common variance, the within variation, or variation among observations treated alike. [Also
referred to as error mean square (EMS).]

Mixing Zoneis an areawhere an effluent discharge undergoesinitial dilution and is extended to cover the
secondary mixing inthe ambient waterbody. A mixing zoneisan allocated impact zone wherewater quality
criteria can be exceeded as long as acutely toxic conditions are prevented.

No Observed Effect Concentration (NOEC) isthe highest tested concentration of an effluent or toxicant
that causes no observable adverse effect on the test organisms (i.e., the highest concentration of toxicant at
which the values for the observed responses are not statistically different from the controls).

National Pollutant Dischar ge Elimination System (NPDES) program regul ates dischargesto the nation’s
waters. Discharge permits issued under the NPDES program are required by EPA regulation to contain,
where necessary, effluent limits based on water quality criteriafor the protection of aquatic life and human
health.

Power isthe probability of correctly detecting an actual toxic effect (i.e., declaring an effluent toxic when,
in fact, it istoxic).

Precision is a measure of reproducibility within a data set. Precision can be measured both within a
laboratory (within-laboratory) and between laboratories (between-laboratory) using the sametest method and
toxicant.

Quality Assurance (QA) isapracticein toxicity testing that addresses all activities affecting the quality of
the final effluent toxicity data. QA includes practices such as effluent sampling and handling, source and
condition of test organisms, equipment condition, test conditions, instrument calibration, replication, use of
reference toxicants, recordkeeping, and data evaluation.

Quality Control (QC) isthe set of more focused, routine, day-to-day activities carried out as part of the
overal QA program.

Reasonable Potential (RP) iswhere an effluent is projected or calculated to cause an excursion above a
water quality standard based on a number of factors.
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Reference Toxicant Test is a check of the sensitivity of the test organisms and the suitability of the test
methodology. Reference toxicant dataare part of aroutine QA/QC program to eval uate the performance of
laboratory personnel and the robustness and sensitivity of the test organisms.

Significant Differenceisdefined asastatistically significant difference (e.g., 95 percent confidence level)
in the means of two distributions of sampling results.

Statisticisacomputed or estimated quantity such asthemean, standard deviation, or coefficient of variation.

Test Acceptability Criteria (TAC) are specific criteria for determining whether toxicity test results are
acceptable. Theeffluent and referencetoxicant must meet specific criteriaasdefined in thetest method (e.g.,
for the Ceriodaphnia dubia survival and reproduction test, the criteriaare asfollows: thetest must achieve
at least 80 percent survival and an average of 15 young per surviving female in the controls).

Total Maximum Daily Load (TMDL) is a determination of the amount of a pollutant, or property of a
pollutant, from point, nonpoint, and natural background sources, including a margin of safety, that may be
discharged to awater quality-limited waterbody.

t-Test (formally Student’ st-Test) isastatistical analysiscomparing two setsof replicate observations, inthe
case of WET, only two test concentrations (e.g., acontrol and 100 percent effluent). The purpose of thistest
is to determine if the means of the two sets of observations are different [e.g., if the 100-percent effluent
concentration differs from the control (i.e., the test passes or fails)].

Typel Error (alpha) isthe rejection of the null hypothesis (H,) when it is, in fact, true (i.e., determining
that the effluent is toxic when the effluent is not toxic).

Typell Error (beta) isthe acceptance of the null hypothesis (H,) when it isnot true (i.e., determining that
the effluent is not toxic when the effluent is toxic).

Toxicity Test isaprocedure to determine the toxicity of achemical or an effluent using living organisms.
A toxicity test measures the degree of effect of a specific chemical or effluent on exposed test organisms.

Toxic Unit-Acute (TUa) isthereciprocal of the effluent concentration (i.e., TUa= 100/L C50) that causes
50 percent of the organisms to die by the end of an acute toxicity test.

Toxic Unit-Chronic (TUc) is the reciprocal of the effluent concentration (e.g., TUc = 100/NOEC) that
causes no observable effect (NOEC) on the test organisms by the end of a chronic toxicity test.

Toxic Unit (TU) isameasure of toxicity in an effluent as determined by the acute toxicity units (TUa) or
chronic toxicity units (TUc) measured. Higher TUs indicate greater toxicity.

Toxicity Identification Evaluation (TI1E) is a set of procedures used to identify the specific chemicals
causing effluent toxicity.

Toxicity Reduction Evaluation (TRE) is asite-specific study conducted in a step-wise process designed
to identify the causative agents of effluent toxicity, isolate the source of toxicity, evaluate the effectiveness
of toxicity control options, and then confirm the reduction in effluent toxicity.

Variance is a measure of the dispersion in a set of values, defined as the sum of the squared deviations
divided by their total number.

WholeEffluent Toxicity (WET) isthetotal toxic effect of an effluent measured directly with atoxicity test.

Waste Load Allocation (WLA) is the portion of a receiving water’s total maximum daily load that is
allocated to one of its existing or future point sources of pollution.
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1.0 INTRODUCTION
1.1 Background

The Federal Water Pollution Control Act, commonly known as the Clean Water Act (CWA), was
enacted in 1972 with the objective of “restoring the chemical, physical, and biological integrity of the
Nation’swaters.” Several goals and policies were established in the Act, including the following:

» Eliminating the discharge of pollutants into navigable waters by 1985;

»  Wherever attainable, achieving aninterim goal of water quality that providesfor the protection and
propagation of fish, shellfish, and wildlife, and provides for recreation in and on the water by
November 1, 1983; and

» Prohibiting the discharge of toxic pollutants in toxic amounts.

In the 28 years since the CWA was enacted, the U.S. Environmental Protection Agency (EPA) and
Statesauthorized to administer EPA’ sNational Pollutant Discharge Elimination System (NPDES) permitting
program have made significant progresstoward achieving these goals. NPDES is designed to control toxic
discharges, implement awater quality standards program, and restore waters to “fishable and swimmabl e”
conditions. A point source that discharges pollutants to waters of the United States must do so under the
terms and conditions of an NPDES permit. In setting these terms and conditions, EPA and the States have
integrated their control of toxic pollutants through combined use of three approaches [Technical Support
Document for Water Quality-based Toxics Control (USEPA 19914, referred to as the TSD)]:

e Chemical-specific controls,
*  Whole effluent toxicity (WET) controls, and

» Biological criteria/bioassessments and biosurveys.
The WET approach to protection of water quality isthe primary subject of this document.

In 1989, EPA defined whole effluent toxicity as “the aggregate toxic effect of an effluent measured
directly by an aquatic toxicity test” [54 Federal Register (FR) 23868 at 23895, June 2, 1989]. Aquatic
toxicity tests are laboratory experiments that measure the biological effect (e.g., growth, survival, and
reproduction) of effluents or receiving waters on aguatic organisms. In aquatic toxicity tests, groups of
organisms of a particular species are held in test chambers and exposed to different concentrations of an
aqueous test sample, for example, areference toxicant, an effluent, or areceiving water. Observations are
made at predetermined exposure periods. At the end of the test, the responses of test organisms are used to
estimate the effects of the toxicant or effluent.

In the early 1980s, EPA published methods (USEPA 1985, 1988, 1989) for estimating the short-term
acute and chronic toxicity of effluents and receiving watersto freshwater and marine organisms. WET data
gathered in the 1980s indicated that approximately 40 percent of NPDES facilities nationwide discharged
an effluent with sufficient toxicity to cause water quality problems. Further reductions in the toxicity of
wastewater discharges were necessary to achieve compliance with narrative water quality standards
expressed as “no toxics in toxic amounts.” In response to these findings, EPA implemented a policy to
reduce or eliminate toxic discharges. The Policy for the Development of Water Quality-based Permit
Limitations for Toxic Pollutants (49 FR 9016, March 9, 1984) introduced EPA’ s integrated toxics control
program. To support thispolicy, EPA developed the TSD (USEPA 1991a). The TSD providesguidanceto
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regulators in implementing WET testing requirements in NPDES permits. In 1989, EPA promulgated
regul ationsspecifying proceduresfor determining when water quality-based effluent limitationsarerequired
in NPDES permits [40 CFR, 122.44(d)]. On October 26, 1995, EPA promulgated WET test methods
(USEPA 1993, 1994a, and 1994b) and added them to the list of EPA methods approved under
Section 304(h) of the CWA (40 CFR, 136) for use in the NPDES program. Although the rulemaking was
challenged in court, that challenge has been stayed pending completion of a settlement agreement. The
rulemaking remains in force and effect unless and until EPA takes further action.

1.2 Effect of This Guidance

Thisdocument attemptsto clarify several issuesregarding WET variability and reaffirms EPA’ searlier
guidanceand recommendationspublishedinthe TSD (USEPA 19914). Thisdocumentisintendedto provide
NPDES regulatory authorities and all stakeholders, including permittees, with guidance and
recommendations on how to understand and account for measurement variability in WET testing. The
document’ s recommendations and conclusions are detailed in Section 7. Appendix C provides sample
NPDES permit language reflecting these recommendations.

The most significant recommendation is to use and report the values for the percent minimum
significant difference (PMSD) with all WET dataresults. The minimum significant difference (MSD) isthe
smallest difference that can be distinguished between the response of control organisms and the response of
test organismsat each concentration of the WET test dilution series. The MSD providesan indication of the
within-test variability and test method sensitivity. Using this information, the regulatory authority and
permittees can better evaluate WET test results.

This document also recommends the following:

e Continue to use the EPA TSD statistical approach for NPDES permit limit development (no test
method variability adjustments are needed);

» Collect and evaluate a sufficient number of representative effluent samples;
» Verify effluent toxicity data carefully along with reference toxicant data;

e Maintain good communication between the regulatory authority and permittee throughout all
phases of the permitting process;

* Implement the PMSD to evaluate both WET and reference toxicant data to minimize within-test
method variability and increase test sensitivity;

» Maintainlaboratory checkswith good laboratory certification programsto encourage experienced
laboratories and skilled analysts for the toxicity testing program for individual WET |aboratory
performance.

1.3 Three Goals of This Document

EPA prepared this document to achieve the following three goals:

1. Quantify the variability of promulgated test methods and report a coefficient of variation (CV) as
ameasure of test method variability (see Chapter 3 and Appendix A).
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2. Evauate the statistical methods described in the Technical Support Document for Water Quality-
Based ToxicsControl (TSD) for determining the need for and deriving WET permit conditions (see
Chapter 6 and Appendix G).

3. Suggest guidance for regulatory authorities on approaches to address and minimize test method
variability (Chapter 6). In addition, the document is intended to provide guidance to regul atory
authorities, permittees, and testing laboratorieson conducting the biol ogi cal and stati stical methods
and evaluating test effect concentrations (Chapter 5).

This document does not address effluent variability. It does, however, discuss how handling effluent
samples can affect tests. Chapter 2 provides definitions of terms used and discusses the ways in which
variability can bequantified. Chapter 3 describesthevariability of the effect concentration estimates (EC25,
LC50, and NOEC) and the variability of endpoint measurements (survival, growth, and reproduction).
Chapter 4 discusses WET variability in the context of chemical-specific method variability. Chapter 5
provides guidance to permittees, testing laboratories, and regulatory authorities to minimize test method
variability. Chapter 6 provides guidanceto regulatory authorities on how to determine reasonabl e potential
(RP) and derive permit limits or monitoring triggers and evaluate self-monitoring data. Chapter 7 presents
EPA’s principal conclusions. Chapter 8 is a bibliography containing alist of documents cited herein and
additional reading material.
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2.0 DEFINITION AND MEASUREMENT OF METHOD VARIABILITY
IN WET TESTING

Theterms used to expresstoxicity test results are defined in this chapter, and methods for quantifying
WET test method variability arediscussed. Additional termsused throughout thisdocument, alongwiththeir
definitions, are provided in the Glossary as part of the front matter of this document.

2.1 Terms and Definitions

Biological endpointsarethe biological observations recorded when conducting toxicity tests. These
observations may include the number of surviving organisms or the number of young produced. There are
two basic types of biological endpoints: responsesrecorded asresponse/no response (e.g., dead or alive) are
guantal data; responses recorded as ameasured response (e.g., weight) or as acount (e.g., number of young
produced) are considered continuous data. For most WET tests, the observations for each tested
concentration are combined and then reported as an average or percentage to represent the biological
endpoint. For example, the fathead minnow larval survival and growth chronic test method has two
biological endpoints (i.e., percent survival and average dry weight for each test concentration).

Effect concentrations are concentrations of atest materia (i.e., effluent, referent toxicant, receiving
water) derived from the observed biological endpoints followed by data analysis using either hypothesis
testing procedures or point estimate techniques. Effect concentrations derived using point estimation
techniquesrepresent the concentration of atest material at which apredetermined level of effect occurs. For
example, LC50 is the lethal concentration at which 50 percent of the organisms respond. Effect
concentrations commonly estimated for WET methods are L C50, EC50 (effect concentration at which a50-
percent effect occurs), and 1C25 (inhibition concentration at which a 25-percent effect occurs). Hypothesis
test methods are used to determine the no observed effect concentration (NOEC). The NOEC representsthe
highest effect concentration in the test concentration response that is not significantly different from the
control response. Multiple statistical endpoints can be derived for each WET method. For example, the
endpoints for the fathead minnow larval survival and growth chronic test can be reported as an EC25 for
growth, an NOEC for growth, an LC50 (or EC50) for survival, and an NOEC for survival.

2.2 Defining WET Test Variability

As with any measurement process, WET tests have a degree of variability associated with the test
method performance. Three measures of variability related to WET testsare within-test variability, within-
laboratory variability, and between-laboratory variability.

* Within-test (intra-test) variability is the variability in test organism response within a
concentration averaged across al concentrations of the test material in asingle test.

* Within-laboratory (intra-labor atory) variability isthe variability that is measured when tests
are conducted using specific methods under reasonably constant conditionsin the sasmelaboratory.
Within-laboratory variability, as used in this document, includes within-test variability. The
American Society for Testing and Materials (ASTM) uses the term “repeatability” to describe
within-laboratory variability. Repeatability is estimated (as a sample variance or standard
deviation) by repeating a test method under redlistically constant conditions within a single
laboratory.

* Between-laboratory (inter-laboratory) variability isthe variability between laboratories. Itis
measured by obtaining resultsfrom different laboratories using the same test method and the same
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test material (e.g., reference toxicant). Between-laboratory variability, as used in this document,
does not include the within-laboratory component of variance. ASTM uses the term
“reproducibility” to describe between-laboratory variability. Reproducibility is estimated by
having nearly identical test samples (duplicates or splits) analyzed by multiple laboratories using
similar standard methods. Although reproducibility is generaly synonymous with between-
laboratory variability, estimates of reproducibility may combine within-laboratory and between-
laboratory components of variance, making between-laboratory variability numerically larger than
within-laboratory variability as defined above.

For purposesof consistency, EPA usesthetermswithin-laboratory and between-laboratory variability
throughout this document.

Numerous factors can affect the variability of any toxicity test method. These factors include the
number of test organisms, the number of treatment replicates, randomization techniques, the source and
health of the test organisms, the type of food used, laboratory environmental conditions, and dilution water
guality. The experience of the analyst performing the test, analyzing the data, and interpreting the results
may also affect variability (Grothe et al. 1996, Fulk 1996).

2.3 Quantifying WET Test Variability

Historically, information on the variability of toxicity tests has been developed using effect
concentrations, such asthe NOEC, EC25, EC50, and L C50 for survival, fecundity, and growth. Variability
measures should be quantified based on the end use of the data (i.e., effect concentrations) and be directly
related to the WET permit requirement. Typically, the effect concentrations are the endpoints used for
evaluating self-monitoring results. The variability of the effect concentrations is quantified by obtaining
multiple test results under similar test conditions using the same test material. For example, the sample
standard deviation and mean for EC25 obtained from multiple monthly reference toxicant tests for the
fathead minnow survival and growth chronic test conducted at one laboratory would quantify “within-
laboratory” variability for that laboratory. EPA used this approach to evaluate data for the development of
this document (see Chapter 3).

Examining variability for each effect concentration of each biological endpoint for each test method
isessential. The biological endpoints may be different for various toxicants and effluents. One biological
endpoint, such as reproduction, may be more sensitive to a certain toxicant than another endpoint, such as
survival. That sensitivity may be reversed for adifferent toxicant. Alternatively, an endpoint may be more
sensitive to one toxicant than another toxicant.

Three other measures of variability (which are not addressed in this document) that have been applied
to WET tests are:

1. Determine the variability of the biological endpoint response. For example, the variance of the
biological response (e.g., growth and survival) can be calculated. Thisapproachisuseful, but does
not quantify variability of the WET test effect concentration, which isimportant in the context of
this document.

2. Quantify the uncertainty of each test point estimate (e.g., the EC50, EC25, or LC50) using
confidence intervals, which reflect within-test variability.

3. Usethestandard deviation to quantify the uncertainty in the mean of the replicate response at each
concentration within a particular test. For example, laboratories can compare the standard
deviations of the average weight of fathead minnow larvae in four chronic tests at one test
concentration, such as 1 mg/L sodium chloride. These standard deviations may be pooled across
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all the concentrations when data have been transformed (if necessary) to give similar variances at
each concentration. Fromthe pooled variance, one may cal culateaminimum significant difference
(MSD) value, which is a useful indication of test sensitivity (see Chapters 3 and 5). In this
document, the standard deviation at each concentration was not evaluated as a measure of
variability. However, the MSD was considered as a measure of WET test variability.
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3.0 VARIABILITY OF WET TEST METHODS

Chapter 3 describes the variability of effect concentration estimates (EC25, LC50, and NOEC) and
endpoint measurements(survival, growth, and reproduction). For definitivestudiesof thevariability of WET
methods, readers should also refer to the TSD (USEPA 19914, Part 1.3.3) and to WET methods manuals
(USEPA 1993, 19944, 1994b). EPA will complete and report on a new between-laboratory study of
promulgated methods in 2000 or 2001.

3.1 Acquisition, Selection, and Quality Assurance of Data Presented in This Document

EPA solicited data for reference toxicant tests from laboratories that conduct WET tests and use
reference toxicant testing as part of their quality control (QC) program. Reference toxicant testing is
required, as specified in EPA toxicity test methods, to document laboratory performance over time for
laboratories conducting self-monitoring tests. When laboratories are conducting effluent tests, at |east one
reference toxicant test must be conducted each month using the same toxicant, test concentrations, dilution
water, and data analysis methods. These reference toxicant tests must be conducted using the same test
conditions (type of dilution water, temperature, test protocol, and species) that are used for WET tests
conducted by the laboratory.

Reference toxicant tests were used to characterize method variability because, in contrast to effluent
samples, fixed concentrations of known toxicants are used. Only with this standardization isit possible to
conclude that variability of the effect concentration estimates is derived from the sources discussed above,
rather than from changes in the toxicant.

EPA received reference toxicant test datafrom several States, private laboratory sources, and the EPA
Regions. Data sources used for these analyses include the EPA National Toxicant Reference Database
(NTRD), the EPA Region 9 Toxicity Data Base, and laboratory bench sheets voluntarily submitted by
independent sources. Although the data do not represent arandom sample of laboratories or tests, they do
represent a widespread sampling of typical laboratories and practices.

EPA required that reference toxicant tests included in its data base meet the following four criteria:

1. Test records documented the test method, organism, test date, laboratory, reference toxicant, and
individual biological responsesin the concentration series.

2. Datafor each replicate were provided as required in the published method using the current test
method.

3. Thetest used at least five toxicant concentrations and a control for the most commonly reported
chronic toxicity test methods—(1) 1000.0, fathead minnow larval survival and growth; (2) 1002.0,
Ceriodaphniasurvival and reproduction; and (3) 1006.0, inland silversidesurvival and growth. For
other chronic toxicity test methods, the test used at least four toxicant concentrations and a control
because the methods permitted, in the recent past, the use of only four concentrations.

4. EPA personnel or an EPA contractor calculated the effect concentration, verified that all test
acceptability criteria (TAC) had been met, and verified that the statistical flowchart had been
followed correctly. Thus, all summary statistics and estimates were calculated from the replicate
data and strictly followed the most current EPA test methods.
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Details of data quality assurance and test acceptance are provided in a separate document, available
at EPA’ sOffice of Water docket, located inthe Officeof Scienceand Technology [ Whole Effluent Toxicity
(WET) Data Test Acceptance and Quality Assurance Protocol”]. An attachment to that document provides
alaboratory-by-laboratory listing of quality assurance flags, test dates, and toxicant concentrations, aswell
as summary statistics by laboratory for the NOEC, EC25, and L C50 estimates and test endpoints (survival,
growth, reproduction, etc.). Laboratories are not identified by name.

The data set of reference toxicant tests includes information from 75 laboratories for 23 methods for
tests conducted between 1988 and 1999. This document addresses, and provides specific guidance on, the
variability of methods promulgated by EPA in 40 CFR Part 136 (Table 3-1). The data are al'so used to
develop between-laboratory interim estimates of method variability for the promulgated methods
(Appendix A). TheAgency identifiesthese CVsas“interim;” EPA may revise someor al of these estimates
based on between-laboratory studies to evaluate some of the promulgated test methods.

The next section presents summary statistics for the promulgated methods. Summary statisticsfor all
methods in the data set appear in Appendix B. For methods represented by a few laboratories, summary
statistics should not be considered representative of method performance. For example, EPA’s Office of
Water usually relies on acceptable data from at least six laboratories (USEPA 1996b) when it conducts a
multi-laboratory study to quantify method performance. The data used here have not been obtained under
conditions as rigorous as those applied to a between-laboratory study and for that reason, may overestimate
variability, particularly for the extremes.

Coefficients of variation are used as descriptive statistics for NOECs in this document. Because
NOECscantakeononly valuesthat correspondto concentrationstested, thedistribution (and CV) of NOECs
can beinfluenced by the sel ection of experimental concentrations, aswell asadditional factors(e.g., within-
test variability) that affect both NOECs and point estimates. This makes CV's for NOECs more uncertain
than the CVs for point estimates, and the direction of this uncertainty is not uniformly toward larger or
smaller CVs. Degspite these confounding issues, CVs are used herein as the best available means of
expressing thevariability of interest inthisdocument and for general compari sonsamong methods. Readers
should be cautioned, however, that small differencesin CV's between NOECs and point estimates may be
artifactual; large differences are more likely to reflect real differencesin variability (adefinition of what is
“small” or “large” would require adetailed statistical analysisand would depend upon the experimental and
statistical details surrounding each comparison). NOECs can only be afixed number of discrete values; the
mean, standard deviation, and CV cannot be interpreted and applied as they are for a continuous variable
such as the EC25 or EC50. For instance, the typical reference toxicant test might result in only three
observed NOEC values, most of them at one or two concentrations. The mean will fall between tested
concentrations, as will the stated confidence intervals; thus, these do not actually represent expected
outcomes, only approximations of the expected outcome.

As an dternative to CVs, ratios are used to quantify variability of EC25, EC50, and NOEC
measurementsin Appendix B. Ratios of measurements have been used previously to quantify and compare
variability of NOEC and EC50 (Chapman et al. 1996b, Dhaliwal et al. 1997).

3.2 Variability of EC25, LC50, and NOEC
3.2.1  Within-Laboratory Variability of EC25, LC50, and NOEC

This section characterizes the within-test and within-laboratory variability of effect concentration
estimates. Tables 3-2 through 3-4 summarize variation across laboratories of the within-laboratory

coefficientsof variation (CV's), without respect to reference toxicant tested. Tablesshowing moreextensive
summaries appear in Appendix B (Tables B-1 through B-3).
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Table 3-1. Promulgated WET Methods Included in ThisReport

Test EPA Data Base
Method No. Test Method Toxicants ‘ Tests ‘ Labs
Freshwater Methods for Chronic Toxicity?

1000.0  |Pimephales promelas, Fathead Minnow Larval Cd, Cr, Cu, KCI, NaCl, 205 19
Survival and Growth Test NaPCP, SDS

1000.0 | Pimephales promelas, Fathead Minnow Embryo- 0 0
Larval Surviva and Teratogenicity Test

1002.0 | Ceriodaphnia dubia, Water Flea Survival and Cd, Cu, KClI, NaCl, NaPCP | 393 33
Reproduction Test

1003.0  |Selenastrum capricornutum,” Green Alga Growth Cu, NaCl, Zn 85 9
Test

Marine & Estuarine Methods for Chronic Toxicity®

1004.0 | Cyprinodon variegatus, Sheepshead Minnow Cd, KCl 57 5
Larval Survival and Growth Test

1005.0 | Cyprinodon variegatus, Sheepshead Minnow 0 0
Embryo-larval Survival and Teratogenicity Test

1006.0 | Menidia beryllina, Inland Silverside Larval Cr, Cu, KCI, SDS 193 16
Survival and Growth Test

1007.0 |Americamysis (Mysidopsis) bahia, Mysid Cr, Cu, KCl 130 10
Survival, Growth, and Fecundity Test

1008.0 | Arbacia punctulata, Sea Urchin Fertilization Test 0 0

1009.0 | Champia parvula, Red Macroalga Reproduction Cu, SDS 23 2
Test

Methods for Acute Toxicity ¢

2000.0 |Fathead Minnow Survival Test Cd, Cu, KCl, NaCl, NaPCP | 217 21

2002.0 |Ceriodaphnia dubia Survival Test Cd, Cu, KClI, NaCl, NaPCP 241 23

2004.0 | Sheepshead Minnow Survival Test SDS 65 3

2006.0 |Inland Silverside Survival Test Cd, KClI, SbS 48 5

2007.0 |Mysid (A. bahia) Survival Test Cd, Cu, SDS 32 3

2011.0 |Mysid (H. costata) Survival Test Cd, SDS 14 2

2019.0 |Rainbow Trout Survival Test Cu, Zn 10 1

2021.0 |Daphnia magna Survival Test Cd 48 5

2022.0 |Daphnia pulex Survival Test Cu, NaCl, SbS 57 6

Cd, Cu, NaCl, NaPCP

See publications EPA/600/4-89-001 (USEPA 1989) and EPA/600/4-91-002 (USEPA 1994b).

The genus and species names for Selenastrum capricor nutum have been changed to Raphidocelis subcapitata. In this
document, however, Selenastrum capricornutum is used to avoid confusion.

¢ See publication EPA/600/4-91-003 (USEPA 1994a) and EPA/600/4-87/028 (USEPA 1988).

4" See publications EPA/600/4-85/013 (USEPA 1985) and EPA/600/4-90/027F (USEPA 1993).

EPA did not assign method numbers for acute methods in EPA/600/4-90/027F. The numbers assigned here were created for
use in this document and in related materials and data bases.

Reference toxicant codes:

Cd cadmium NaCl sodium chloride

Cr chromium NaPCP  sodium pentachlorophenate
Cu copper SDS sodium dodecyl sulfate

KCl potassium chloride Zn zinc
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Table3-2. Quartiles(25™and 75™) and M edian (50™) of theWithin-L abor atory Valuesof CV for

EC25 (Chronic Tests)

Test Per centiles of CV
Method Endpoint No. of

Test Method? No. Labs | 25" 50t 750

Fathead Minnow Larval Survival & Growth 1000.0 G 19 021| 026| 0.38
Fathead Minnow Larval Survival & Growth 1000.0 S 16 011 | 022| 032
Ceriodaphnia (Cd) Survival & Reproduction 1002.0 R 33 017 | 027| 045
Ceriodaphnia (Cd) Survival & Reproduction 1002.0 S 25 011 023| 041
Green Alga (Selenastrum) Growth 1003.0 G 6 025 026| 0.39
Sheepshead Minnow Larval Survival & Growth 1004.0 G 5 009 | 013| 014
Sheepshead Minnow Larval Survival & Growth 1004.0 S 2 015 016 | 0.17
Inland Silverside Larval Survival & Growth 1006.0 G 16 0.18| 027 | 043
Inland Silverside Larval Survival & Growth 1006.0 S 13 022| 035| 042
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 F 4 030 038| 041
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 G 10 024| 028| 0.32
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 S 7 017 021| 028
Red Macroalga (Champia parvula) Reproduction 1009.0 R 2 058 | 058 | 0.59

& Cd = Ceriodaphnia dubia, Ab = Americamysis (Mysidopsis) bahia
b G= growth, S = survival, R = reproduction, F = fecundity

Table 3-3. Quartiles (25" and 75™) and M edian (50™) of the Within-L aboratory Values of CV

for LC50
) Test Endpoint No. of Per centiles of CV
Test Method Method No. Labs | 25" | s0" | 75"
Freshwater Methodsfor Chronic Toxicity®
Fathead Minnow Larval Survival & Growth 1000.0 S 19 015| 023| 031
Ceriodaphnia (Cd) Survival & Reproduction 1002.0 S 33 010| 016 | 0.29
Sheepshead Minnow Larval Survival & Growth 1004.0 S 5 007 | 0.08| 0.12
Inland Silverside Larval Survival & Growth 1006.0 S 16 016 | 028| 035
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 S 10 016 | 026 | 027
Methods for Acute Toxicity®®

Fathead Minnow Larval Survival 2000.0 S 21 010| 016 | 0.19
Ceriodaphnia (Cd) Survival 2002.0 S 23 011 | 019| 0.29
Sheepshead Minnow Survival 2004.0 S 5 012 | 014 | 021
Inland Silverside Larval Survival 2006.0 S 5 015| 016 | 021
Mysid (Ab) Surviva 2007.0 S 3 017| 025| 0.26
Mysid (Hc) Survival 2011.0 S 2 027 030| 034
Rainbow Trout Survival 2019.0 S 1 023| 023| 023
Daphnia (Dm) Survival 2021.0 S 5 007| 022| 024
Daphnia (Dp) Survival 2022.0 S 6 019 | 021| 027
a

Cd = Ceriodaphnia dubia, Ab = Americamysis (Mysidopsis) bahia, Hc = Holmesimysis costata, Dm = Daphnia magna,

Dp = Daphnia pulex
S=surviva

® Q O T

usein this document and in related materials and data bases.

See publications EPA/600/4-89-001 (USEPA 1989) and EPA/600/4-91-002 (USEPA 1994b).
See publications EPA/600/4-85-013 (USEPA 1985 and EPA/600/4-90/027F (USEPA 1993).
EPA did not assign method numbersfor acute methodsin EPA/600/4-90/027F. The numbersassigned here were created for
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Table3-4. Quartiles (25" and 75™) and M edian (50™) of the Within-L aboratory Values of

CV for NOEC
Test Per centiles of CV
Metho
Test Method? Ndo. Endpoint I\lLoét;); 25t 50t 750
Freshwater Methods for Chronic Toxicity®
Fathead Minnow Larval Survival & Growth 1000.0 G 19 022| 037| 053
Fathead Minnow Larval Survival & Growth 1000.0 S 19 026 | 039| 048
Ceriodaphnia (Cd) Survival & Reproduction | 1002.0 R 33 025| 033| 049
Ceriodaphnia (Cd) Survival & Reproduction | 1002.0 S 33 021 030| 043
Green Alga (Selenastrum) Growth 1003.0 G 9 040 | 046| 056
Marine & Estuarine Methods for Chronic Toxicity®
Sheepshead Minnow Larval Survival & Growth | 1004.0 G 5 034 | 040| 044
Sheepshead Minnow Larval Survival & Growth | 1004.0 S 5 014 018| 024
Inland Silverside Larval Survival & Growth 1006.0 G 16 031| 046 | 057
Inland Silverside Larval Survival & Growth 1006.0 S 16 030| 042| 055
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 F 4 017 | 036| 040
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 G 10 035| 039| 043
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 S 10 028 | 033| 038
Red Macroaga (Champia parvula) Reprod. 1009.0 R 2 08| 010| 0.12
Methods for Acute Toxicity®

Fathead Minnow Larval Survival 2000.0 S 21 018 | 022| 034
Ceriodaphnia (Cd) Surviva 2002.0 S 23 018 | 035| 041
Sheepshead Minnow Survival 2004.0 S 3 0| 031| 033
Inland Silverside Larval Surviva 2006.0 S 5 0| 033| 035
Mysid (Ab) Survival 2007.0 S 3 029 | 038| 043
Mysid (Hc) Surviva 2011.0 S 2 021 | 026| 031
Rainbow Trout Survival 2019.0 S 1 035| 035| 035
Daphnia magna (Dm) Survival 2021.0 S 5 009 | 036| 047
Daphnia pulex (Dp) Survival 2022.0 S 6 021 | 038| 0.1

a

Cd = Ceriodaphnia dubia, Ab = Americamysis (Mysidopsis) bahia, Hc = Holmesimysis costata, Dm = Daphnia
magna, Dp = Daphnia pulex

G = growth, S=survival, R = reproduction, F = fecundity

See publications EPA/600/4-89-001 (USEPA 1989) and EPA/600/4/4-91-002 (USEPA 1994b).

See publication EPA/600/4-91-003 (USEPA 1994a) and EPA/600/4-87/028 (USEPA 1988).

See publications EPA/600/4-85/013 (USEPA 1985) and EPA/600/4-90/027F (USEPA 1993).

EPA did not assign method numbers for acute methods in EPA/600/4-90/027F. The numbers assigned here were
created for use in this document and in related materials and data bases.

- 0o QO O T

Effect concentrations having a p-percent effect are symbolized as ECp and may be calculated for
sublethal and lethal (survival) endpoints (USEPA 1993,1994a,1994b). Effect concentrations commonly
estimated for WET methods are LC50, EC50, 1C25, and EC25. The symbol ECp is more general and may
be used to represent an L Cp, ECp, or ICp endpoint. To simplify presentation of resultsin thisdocument, the
term EC25 is used to represent the concentration at which a 25-percent effect has occurred for either lethal
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or sublethal endpoints. Theterm LC50 is used to represent the concentration at which a 50-percent effect
has occurred for lethal endpoints. The EC25 for survival isnot routinely used in generating self-monitoring
data and is presented here for comparison to the EC25 for sublethal endpoints (i.e., IC25). Estimates of
EC25, LC50, and NOEC were calculated for this document as required in the EPA test methods (USEPA
1993, 19944, 1994b). A CV isreported for NOEC measurements in this document. See Appendix A for
further details.

Theresultsin Tables 3-2 through 3-4 were obtained as follows, using as an example the EC25 of the
growth endpoint in Method 1000.0 (fathead minnow larval chronic test) on the first row of Table 3-2. The
CV of the EC25 estimates was calculated for each laboratory. Thiscalculation resulted in 19 CV's (one per
laboratory with each laboratory tested using one toxicant). The sample percentiles were calculated for this
set of 19 CVs. InTable 3-2, the column headed “50™ shows the 50™ percentile (median value) of CV found
acrossthese 19 laboratories; the 50" percentilevalueis0.26. Inthe column headed “75",” the 75" percentile
CV isreported as 0.38. When a method is represented by fewer than four laboratories, the minimum and
maximum CV's are shown in the columns headed “25™ and “75",” respectively. Note that these CVs
represent within-laboratory variability, and that Tables 3-2 through 3-4 show the quartiles and median of the
within-laboratory CVs. Thesetablesthusreport thetypical range of within-laboratory test method variation.

Variation acrosslaboratoriesinthe CV for effect concentration estimates (Tables 3-2 through 3-4) may
be summarized as follows, ignoring methods represented by only one or two laboratories. [Refer to the
column headed “75™ (the 75" percentile).]

For the EC25 of the growth and reproduction endpoints in chronic toxicity tests, 75 percent of
laboratories have a CV no more than 0.14 to 0.45 depending on the method (Table 3-2). For the two most
commonly used methods (1000.0, fathead minnow larval chronic test; and 1002.0, Ceriodaphnia chronic
test), 75 percent of the laboratories have CV's no more than 0.38 and 0.45, respectively.

For the LC50 of the survival endpoint in chronic toxicity tests, 75 percent of |aboratories have a CV
no morethan 0.12 to 0.35, depending onthemethod. For the two most commonly used methods (1000.0 and
1002.0), 75 percent of laboratories have CVsno more than 0.31 and 0.29, respectively (Table 3-3). For the
LC50 in acute toxicity tests, 75 percent of laboratories have a CV no more than 0.19 to 0.29, depending on
themethod. For thetwo most commonly used methods (2000.0 and 2002.0), 75 percent of laboratories have
CVsno more than 0.19 and 0.29, respectively.

For the NOEC of growth or reproduction endpointsin chronic toxicity tests, 75 percent of laboratories
have a CV no morethan 0.40 to 0.57, depending on the method. For the two most commonly used methods
(1000.0 and 1002.0), 75 percent of laboratories have CV's no more than 0.53 and 0.49, respectively (Table
3-4). For the NOEC of survival in chronic toxicity tests, 75 percent of laboratories have aCV no morethan
0.24 t0 0.55, depending on the method. For the two most commonly used methods (1000.0 and 1002.0), 75
percent of laboratories have CVs ho more than 0.48 and 0.43, respectively. For the NOEC of survival in
acute toxicity tests, 75 percent of laboratories have a CV no more than 0.34 to 0.61, depending on the
method. For the two most commonly used acute methods (2000.0 and 2002.0), 75 percent of laboratories
have CVsno more than 0.34 and 0.41, respectively.

Appendix B discussesthe range of toxicant concentrationsreported asthe NOEC. For chronictoxicity
tests, most laboratories report the NOEC to within two to three concentration intervals, and half the
laboratoriesreport most NOECswithin oneto two concentration interval sfor referencetoxicants. For acute
toxicity tests, most laboratories report NOECs at one or two concentrations. This outcome agrees with
EPA’ s expected performance for these methods. The normal variation of the effect concentration estimate
in reference toxicant tests has been reported for some EPA WET methods (USEPA 19944, 1994b) to be plus
or minus one dilution concentration for the NOEC and less for LC50.
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3.2.2 Between-Laboratory Variability of EC25, LC50, and NOEC

The data set compiled for this document provided reasonable estimates of between-laboratory
variability for only afew methods. For many methods and toxicants, there were too few laboratoriesin the
database. Additional summariesof between-laboratory variability of WET methodsareincludedinthe TSD
(USEPA 19914, Part 1.3.3) and the WET methods manuals (USEPA 19944, 1994b). EPA aso intends to
provide new datain aforthcoming EPA between-laboratory study of promulgated methods.

Using the data set, credible estimates of between-laboratory variability could be made for a few
toxicants and methods having data for six or more laboratories (Table 3-5). The statistical methods are
described in Appendix B. Table 3-5 shows values of the square root of within-laboratory and between-
laboratory variance components (i.e., standard deviations, ¢). The standard deviations and mean are
expressed in units of toxicant concentration (e.g., g/L or mg/L). Between-laboratory o, estimates the
standard deviation for laboratory means of EC25, LC50, and NOEC. The “Mean” column in Table 3-5
shows the mean of the laboratory means, not the mean for all tests. Because the number of tests differed
among laboratories, these two means are different. These data suggest that between-laboratory variability
(o0,,) is comparable to within-laboratory variability (o,,) for the methods listed in the table.

In Table 3-5, theratio of o, to the mean is an estimate of the relative variability (CV,) of laboratory
means around their combined mean. The ratio of o,, to the mean may approach the value of the average
within-laboratory CV when the sample of laboratoriesis large, but to characterize within-laboratory CVs,
readers should use Tables 3-2 through 3-4.

Table 3-5. Estimates of Within-Laboratory and Between-L aboratory
Components of Variability®

Test |TestEC End- Within-lab | Between-lab
Method® | Estimate| Toxicant | Point®| Tests|Labs Oy oy Mean | CV,, |CV,
1000.0 | EC25 NaCl G 73 6 0.67 0.44 2.63 | 0.25|0.17
1000.0 | LC50 NaCl S 73 6 1.14 0.45 415 | 0.27 |0.11
1000.0 | NOEC N ClI G 73 6 0.72 0.35 2.18 | 0.33|0.16
1000.0 | NOEC NaCl S 73 6 0.96 0.51 243 | 0.40(0.21
10020 | EC25 NaCl R 292 | 23 0.29 0.27 0.92 [ 0.32|0.29
10020 | LC50 NaCl S 285 | 23 0.48 0.24 1.78 | 0.27 | 0.13
1002.0 | NOEC NaCl G 292 | 23 0.28 0.18 0.74 | 0.38 |0.24
1002.0 | NOEC NaCl S 292 | 23 0.47 0.26 142 | 0.33]0.18
1006.0 | EC25 Cu G 130 | 9 45.1 52.4 97.4 | 046 |0.54
1006.0 | LC50 Cu S 130 | 9 484 70.7 127.0| 0.38 | 0.56
1006.0 | NOEC Cu G 130 | 9 51.8 44.4 80.1 | 0.65|0.55
1006.0 | NOEC Cu S 130 | 9 34.2 39.5 65.4 | 0.52 | 0.60
2000.0 | LC50 NaCl S 154 | 14 1.05 124 7.46 | 0.14 | 0.17
2002.0 | LC50 NaCl S 167 | 15 0.36 0.38 197 | 0.18 | 0.19

& o,, = within-laboratory standard deviation, o, = between-laboratory standard deviation

CV,, = within-laboratory coefficient of variation, CV, = between-laboratory coefficient of variation

® EPA did not assign method numbers for acute methods in EPA/600/4-90/027F. The numbers assigned here
were created for use in this document and in related materials and data bases.

¢ G =growth, S=survival, R = reproduction
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3.3 Variability of Endpoint Measurements

This section characterizes the within-laboratory precision of endpoint measurements (e.g., growth,
reproduction, and survival). Endpoint variability in methodsfor chronic toxicity is characterized here using
sublethal endpoints. The sublethal endpoint was designed to be more sensitive than the survival endpoint,
and it incorporates the effect of mortality (i.e., it incorporates biomass). For example, for the chronic
survival and growth fathead minnow larval test, the total dry weight at each replicate is divided by the
original number of larvae, rather than the surviving number of larvae.

EPA reports measures of test precision based on the control CV [(control standard deviation)/(control
mean)] and the “ Percent MSD” [100xM SD/(control mean)], symbolized as PMSD. Recall that MSD, the
“minimum significant difference,” is calculated as [d VEMS v (2/r)], where “d” is the critical value of
Dunnett’s statistic when comparing “k” treatments to a control, EMS is the error mean square from the
analysis of variance of the endpoint responses, and “r” is the number of replicates at each concentration
(USEPA 1993, 19944, 1994b). These measures of test precision quantify within-test variability, or the
sensitivity of each test to toxic effects on the biological endpoint.

M easures of variability relativeto the control mean are used for two reasons. First, alaboratory having
consistently large mean endpoint values for the control will also tend to have larger values of MSD and
control standard deviation. Second, PM SD isreadily interpreted asthe minimum percent difference between
control and treatment that can be declared statistically significantinaWET test. A significant effect occurs
when (control mean - treatment mean) exceedsthe MSD. Dividing by the control mean and multiplying by
100 states this relationship in terms of the percent difference between control and treatment.

To characterize the distribution of values of PMSD, values from all laboratories and toxicants for a
given method and endpoint were combined, and sample percentiles reported. Percentiles are also reported
for the CV of the contral, which aso indicates variability among replicates under non-toxic conditions and
may be auseful indicator of uniformity of the test organisms. The sample percentiles are reported in more
detail in Appendix B; the 10" and 90" percentilesare shownin Table 3-6. Method 1009.0 (red macroalga) is
omitted from Table 3-6 becauseit would beinadvisableto characterize method variability using only 23tests
from only two laboratories.

The 90" percentile may be used as an upper PMSD bound (i.e., alimit on the insensitivity of atest).
The 10™ percentile may be used as alower PMSD bound for declaring a significant difference or a lower
limit to test sensitivity. The 90™ percentile has been used in other WET programs (Chapter 5). The 95"
percentileisused asapractical upper limit for thevariability of analytical resultsinwell-controlled between-
laboratory studiesthat useastandard protocol and specific quality assurance procedures(ASTM 1992, 1998;
USEPA 1993, 1996a, 1996b). The tests summarized here have not been subjected to the rigorous
standardization and quality assurance of collaborative studies, and the data have not been screened for
outliersasspecified by ASTM PracticesD2777 and E691 (ATSM 1992, 1998). These considerationsjustify
using the sample 90" percentile to set an upper bound. A lower bound is necessary to avoid creating a
disincentive for improving test precision and to objectively specify alimit to the test sensitivity achievedin
practice. If no more than ten percent of tests are more precise than this lower bound, then in practice, the
analytical method rarely detects toxic effects of this small magnitude.

When comparing valuesin Table 3-6 to atest result, it isimportant that the test’s MSD be calculated
according to procedures described in the EPA method manuals (USEPA 1993, 19944, 1994b) for Dunnett’s
test for multiple comparisons with a control (see Section 6.4.1). An analysis of variance (ANOVA) is
conducted using several treatments, including thecontrol. EPA methodsrequireexcludingfromthe ANOV A
those concentrations for which no organisms survived in any replicate. For a sublethal endpoint,
concentrations are excluded from the analysisif they exceed the NOEC for survival. TheMSD iscalculated
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using the square root of the error mean square (rEM S) fromthe ANOV A, and using Dunnett’ scritical value
(which depends on the number of replicates and concentrations used in the ANOVA).

Table 3-6. Range of Relative Variability for Endpoints of Promulgated WET Methods, Defined
by the 10" and 90" Per centiles from the Data Set of Reference Toxicant Tests?

No.of | No.af PMSD Control CV¢
Test Method® Endpoint®| Labs | Tests 10" oo 10" oo
1000.0 Fathead Minnow G 19 205 94 35 0.035 0.20
1002.0 Ceriodaphnia dubia R 33 393 11 37 0.089 0.42
1003.0 Green Alga G 85 9.3 23 0.034 0.17
1004.0 Sheepshead Minnow G 57 6.3 23 0.034 0.13
1006.0 Inland Silverside G 18 193 12 35 0.044 0.18
1007.0 Mysid G 10 130 12 32 0.088 0.28
2000.0 Fathead Minnow S 20 217 4.2 30 0 0.074
2002.0 Ceriodaphnia S 23 241 5.0 21 0 0.11
2004.0 Sheepshead Minnow S 5 65 0° 55 0 0
2006.0 Inland Silverside S 5 48 7.0 41 0 0.079
2007.0 Mysid (A. bahia) S 3 32 5.1 26 0 0.081
2011.0 Mysid (H. costata) S 2 14 18 47 0 0.074
2021.0 Daphnia (D. magna) S 5 48 53 23 0 0.11
2022.0 Daphnia (D. pulex) S 6 57 5.8 23 0 0.11

& The precision of the datawarrants only three significant figures. When determining agreement with these values, one may

round off values to two significant figures (e.g., values >3.45000... and <3.5000... are rounded to 3.5). Method 1009.0 (red
macroalga) is not reported because it isinadvisable to characterize method variability using only 23 tests from just two
laboratories.

EPA did not assign method numbers for acute methods in EPA/600/4-90/027F. The numbers assigned here were created for
use in this document and in related materials and data bases.

G = growth, R = reproduction, S = survival

CVswere calculated using untransformed control means for each test.

An MSD of zero will not occur when the EPA flow chart for statistical analysisisfollowed. In thisreport, MSD was
calculated for every test, including those for which the flow chart would require a nonparametric hypothesis test. EPA
recommends using the value 4.2 (the 10" percentile shown for the fathead minnow acute test) in place of zero asthe 10"
percentile PMSD (lower PMSD bound) for the sheepshead minnow acute test.

TheMSD wascalculated for all test resultsreported here, including those for which non-normality and
heterogeneity of variance were indicated. Thus, this document presents MSD as an approximate index of
test sensitivity. Estimates of power are also approximate. The MSD generaly will be related to test
sensitivity, even when the assumptions for ANOV A and Dunnett’s test are not strictly satisfied.

Table 3-7 shows the number of laboratoriesin the WET variability data set having tests exceeding the
upper PMSD bound reported in Table 3-6. One-half to two-thirds of the laboratories never or infrequently
exceeded the bound, and roughly one in five exceeded it in at |east 20 percent of their tests. By definition
of the 90" percentile, about 10 percent of all the tests exceeded the bound.
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Table3-7. Number of Laboratories Having a Given Percent of Tests Exceeding the PM SD
Upper Bound for the Sublethal Endpoint

Number of Labswith Various Percentages of Tests
Exceeding the PM SD Upper Bound

Test Method Il\la%s Endpoints®| 0% |0%-10% |10%-20% |20%-50% | 50%-100%
1000.0 Fathead Minnow 19 G 8 2 7 2 0
1002.0 Ceriodaphnia dubia 33 R 15 7 5 6 0
1003.0 Green Alga G 6 1 0 2 0
1004.0 Sheepshead Minnow 5 G 3 1 0 1 0
1006.0 Inland Silverside 16 G 6 5 1 4 0
1007.0 Mysid (growth) 10 G 5 2 0 3 0

& G =growth, R = reproduction
3.4 Conclusions about Variability of WET Methods

3.4.1 Variability of EC25, LC50, NOEC

For EC25, the quartiles of thewithin-laboratory CV sranged acrossthe promulgated methodsfrom 0.09
t0 0.45, and the median CV ranged from 0.13t0 0.38. For LC50, the quartiles of the within-laboratory CVs
ranged from 0.07 to 0.35, and the median CV ranged from 0.08 to 0.30. For NOEC, the quartiles of the
within-laboratory CVsranged from 0to 0.61, and the median CV ranged from 0.10 to 0.46. Thissummary
applies to those methods represented by at least 20 tests and three laboratories.

EPA concludesfrom Tables 3-2 through 3-4 that point estimates are substantially |essvariablethan the
NOEC for the same method and endpoint, and that the L C50 for an acute toxicity test usually islessvariable
than the LC50 for a chronic toxicity test. The estimated NOEC is more variable than ECp using current
experimental designsbecause NOEC cantake only thosevaluesequal totheconcentrationstested, while ECp
interpol ates between tested concentrati ons (there may be other, moretechnical reasonsaswell). Inprinciple,
NOEC could be estimated more accurately and precisely by changing the experimental design to use more
concentrationsat narrower dilution ratiosand by using morereplicates. Thegreater variability of the NOEC
underscores the desirability of using point estimates to characterize effluent toxicity.

Tables 3-2 through 3-4 may be used as benchmarks for variability, allowing comparison of one
laboratory’ sCV for reference toxicant testing with CV sreported by experienced laboratoriesreporting tests
that passed the TAC. However, CVs for methods represented by too few laboratories in the table may be
atypical.

The CVsin Tables 3-2 through 3-4 may be used as an adjunct to the control chart. If the CV for
reference toxicant tests is above the 75" percentile in Tables 3-2 through 3-4, variability likely can be
reduced, even if the individual EC25 or LC50 values fall within the control limits. If a control chart is
constructed using an unreasonably large standard deviation, the control limitswill beunreasonable. If ahigh
CV isnot fully explained by an unusually small mean, the standard deviation of EC25 or L C50 should be
reduced to bring the CV within the normal range. If the CV exceeds the 90" percentile (Appendix B), there
is no question that variability is unacceptably large. Detailed guidance is provided in Chapter 5
(Section 5.3.1.1).

Tables 3-2 through 3-4 indicate the magnitude of the analytical variability that becomes part of the
variability of effluent test results under certain conditions. This occurswhen effluent test results (NOECs,
L C50s, or EC25s) fall between the lowest and highest concentrationstested. Under other conditions, these
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CVsmay not accurately represent analytical variability. If testsgiveresultsconsistently near or at the lowest
or highest concentrationstested, or if the tests often produce “lessthan” or “ greater than” results, Tables 3-2
through 3-4 will not accurately characterize the analytical CV for such tests. To measure the analytical CV
under such conditions, reference toxicant tests would have to be designed to have the effect concentration
at or near the lowest or highest concentration. The CV and standard deviation measured under such
conditions are unknown, but are likely to differ from those for standard reference toxicant tests.

The data set did not contain information supporting an analysis of the causes of between-laboratory
variability. Possible causes may include laboratory differences in concentration series, incorrect or
ambiguous calculation or reporting of concentrations (e.g., concentration of the metal ion versus the salt),
laboratory differences in dilution water (e.g., water hardness or pH), laboratory differences in foods and
feeding regimes, and laboratory differencesin cultures (genotypic and phenotypic differencesin sensitivity
to various toxicants).

Thelack of astandard or common reference toxicant creates a problem for permittees and regulatory
authorities attempting to evaluate and compare laboratories. Real or apparent differences occur between
laboratoriesin the mean values of EC25, LC50, and NOEC. Some of thisdifference israndom and reflects
only the within-laboratory variance; some may be systematic. Systematic, between-laboratory differences
can beinferred reliably only when laboratories use the same test method, use the same reference toxicants
and dilution series, use similar dilution waters, and report a sufficient number of tests.

3.4.2 Variability of Endpoint Measurements

EPA has selected the PMSD to characterize endpoint variability for WET test methods because it
integrates variability from several concentrations (alwaysincluding the control), and it representsthe MSD
used inthe WET hypothesistest. Thecontrol CV, by itself, doesnot fully represent the variability affecting
aWET hypothesistest or point estimate. The PMSD also representsthe variability affecting point estimates
because it is calculated using the EM S for the endpoint measurement. (However, the standard error of a
point estimate of an effect concentration may be a complicated function of the EMS.)

PMSD for sublethal endpoints ranged from 6 to 37 across the promulgated chronic methods. For the
fathead minnow chronic method, PM SD ranged from 9 to 35; for the Ceriodaphnia chronic method, PMSD
ranged from 11 to 37. Thus, most chronic tests were able to distinguish areduction of 37 percent or smaller
in the endpoint. Further analysisin Chapter 5 shows that most tests were unable to distinguish consistently
a 25-percent reduction. For the survival endpoint of promulgated acute methods, PMSD ranged from 0 to
55. For the two most commonly used acute methods (fathead minnow and Ceriodaphnia), PMSD ranged
from 4 to 30 and from 5to 21, respectively. Thus, PMSD varied markedly for some acute methods and not
for others.

As shown by the size of PMSD, test sensitivity to detect substantial toxic effects is occasionally
insufficient at some laboratories and routinely insufficient at afew laboratories. Inadequate test sensitivity
is not always signaled by control charts of EC25, LC50, and NOEC. Laboratories should consider
maintaining control chartsfor MSD or PMSD, and should report MSD and the control mean with all WET
tests.

Some portion of MSDsin the WET variability data set could be considered exceptionally large, if not
outliers. This observation underscores the importance of a careful review for each WET test, including an
examination of means and standard deviationsfor endpoint responses at each concentration; the plotting of
replicate data(not just concentration means); and, when necessary, asearch for possible causes of excessive
variability. Thetablesand plotsinthe promul gated methods (USEPA 1994a, 1994b) providegood exampl es.
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4.0 VARIABILITY IN CONTEXT

EPA manages the regulation of WET in the same way it manages the regulation of chemical-specific
pollutants in order to determine reasonable potential (RP), derive permit limits, determine data quality
control, and evaluate self-monitoring data. Many similarities between chemical-specific toxicant and WET
controls can be found in the TSD (USEPA 1991a). Determining RP in both cases uses many of the same
strategies. Permit limit derivation makes similar exposure assumptions and relies on nearly identical
toxicological data bases.

Considering a value other than the best analytical estimate as a measure for WET or for specific
chemical analytesisinappropriate. All analytical results, in either chemical-specific analyses or WET tests,
incorporate some estimated range of uncertainty. While infrequently discussed for chemical methods,
uncertainty does play arole in the meaning of analytical results. One end of the confidence interval likely
will be less protective of aquatic resources than the other. The derived limit and therefore final reported
analytical results become the best estimate of the actual ecological need and assessment of the effect.

Significant debate has occurred over assertions that WET data have too much inherent variability for
reliable useinthe NPDES program. This debate has engendered considerable evaluation of WET precision.
Groupsof scientistsand individual researchers have repeatedly concluded that currently promulgated WET
methods are technically sound and that the observed precision is within the range of precision of other
analysesfrequently required in NPDES permits (Grothe et al. 1996). Thefindingsof someof the significant
sources of these conclusions are summarized below.

4.1 Society of Environmental Toxicology and Chemistry Pellston WET Workshop

The 1995 Society of Environmental Toxicology and Chemistry (SETAC) Pellston Workshop onWhole
Effluent Toxicity convened 47 experts in the discipline to assess applied methods and their application in
the regulatory process. Representation at the workshop was intentionally balanced among government,
business, and academic participants. These scientists published consensus conclusions and recommenda-
tions, including the following.

41.1 General Conclusions and Recommendations

Grothe et al. (1996) state “ Existing WET testing methods (USEPA 1985, USEPA 1988, USEPA
1989) are technically sound, but certain modifications would improve endpoint inter pretation.
Such changes involve implementing improvements to currently used statistical procedures,
establishing acceptable limits for MSD values, and adding confidence limits to WET test
endpoints.”

“A number of problems with WET tests are caused by misapplication of the tests,
misinterpretation of the data, lack of competence of the laboratories conducting WET testing,
poor condition/health of test organisms, and lack of training of laboratory personnel, regul ators,
and permittees. More widespread use of WET related guidance provided in USEPA's TSD
(1991a) would help alleviate some of these problems. In addition, an effective QA/QC program
will improve data quality and reduce test variability.”

“ Increase training opportunitiesfor regulatorsand per mitteesto improve the implementation of
WET objectives and to promote national consistency in permitting and compliance issues.”
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“Implement a broadly based and standardized QA/QC program to improve WET testing
performance and data quality.”

“ Quantify the ‘ confidence' around test endpoints to improve interpretation of WET test results.
Foecific statistical methods that could improve precision are presented in Chapter 3 of this
document and processesto reduce variability are discussed in Chapter 5. In addition, WET tests
should be performed using a dilution series of exposure concentrations to establish a dose-
response relationship.”

41.2 Conclusions about Data Precision

Audey (1996) compared CVs of chemical analyses and aquatic toxicity tests conducted by North
Carolina NPDES permittees. Ausley found that CV's of reported values for chemical analytes (including
metals, organic analytes, and non-metal inorganic analytes) ranged from 11.8 percent to 291.7 percent.
Coefficients of variation for toxicity parameters (acute and chronic Ceriodaphnia dubia, acute and chronic
Pimephales promelas, acute Daphnia pulex, and acute Mysidopsis bahia) ranged from 14.8 percent to
67.6 percent. From thisreview, he concluded that “the precision of toxicity analysesiswithin the range of
that being reported for commonly analyzed and regulated chemical parameters.” Ausley highlighted the
difficulty in comparing precision estimates of chemical analytes and WET analyses (particularly NOECs),
noting that while chemical precision is often determined well above analytical detection, WET precisionis
often based on the minimum detection level. An assumption that WET precision will vary among toxicants
isalso logical. To establish “inherent variability,” considering toxicants that cause minimal variability in
the analysis may be appropriate. The high coefficients of variation for some chemical parameters reported
by Ausley reflect thefact that, in practice, analytical precision canvary widely inindividual studiesinwhich
the effects of asingle (or afew) poorly operating laboratory can adversely affect precision estimates. In
practice, this kind of data must be screened for quality prior to use to evaluate self-monitoring data or
estimates of overall method quality.

Ausley’ sresults closely approximate analytical precision of chemical analytesreferenced in the TSD
(USEPA 19914, Chapter 1.2). The CVs for metals (aluminum, cadmium, chromium, copper, iron, lead,
manganese, mercury, silver, and zinc) ranged from 18 percent to 129 percent at the low end of the
measurement detection range. Between-laboratory CV's for organic analytes ranged from greater than
12 percent to 91 percent. The CVsfor non-metal analytes (alkalinity, residual chlorine, ammonianitrogen,
Kjeldahl nitrogen, nitrate nitrogen, total phosphorus, biological oxygen demand, chemical oxygen demand,
and total organic carbon) ranged from 4.6 percent to 70 percent in between-laboratory studies of precision.

Burton et al. (1996) concluded that “ USEPA-published methods are functional and appropriatein the
context of effluent toxicity control programs.” They recommended developing limits on within-test
variability, a quality assurance and audit program, and guidance for permittee procurement of WET
analytical services.

Denton and Norberg-King (1996) cited various studies that favorably compare WET methods with
chemical analytical methods (Grothe and Kimerle 1985, Rue et al. 1988, Morrison et a. 1989, Grothe et al.
1990). They proposed that improvementsin test result consistency could be accomplished by limiting the
range of within-test variability through controls of upper and lower statistical power (e.g., limits on test
MSD). Three practices to control within-test variability most effectively are (1) controlling within-test
sensitivity, (2) followingwell-defined test methods, and (3) mai ntai ning communi cationwithintheregul atory
community. For example, the permitteeand regulatory authorities should discussany facility-specificissues
to fully characterize the appropriate permit conditions.
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4.2 Water Environment Research Foundation Study

Ancther publication, “Whole Effluent Toxicity Testing Program: Evaluation of Practices and
Implementation” (DeGraeveet al. 1998), presentsthe results of asurvey of publicly owned treatment works
and State regulatory programs about WET issues. The Water Environment Research Foundation (WERF)
sponsored this study. Conclusions by DeGraeve et al. (1998) include the following:

“The project team believes that the results demonstrate that the test methods can be routinely
compl eted successfully by well-trained, competent WET testing laboratories and that the results,
considered collectively, suggest that the test methods that are being used to measure WET are
technically sound.”

“Thereisa need for better training/guidancein WET-related issuesfor both the regulatory staff
responsiblefor implementing WET requirementsand for permitteesresponsiblefor meeting WET
limits.”

DeGraeveet a. (1998) considered the conclusionsof the SETAC Pellston WET publication concurring
that between-laboratory CV values of toxicity test methods were low, training of regulatory and permittee
staff is needed nationally, and strengthened quality assurance (QA)/quality control (QC) practices could
improve performance of analyses. Unlikethe SETAC Pellston WET conclusions, they found that there are
enough laboratories to meet the current market demand for analyses. Likethe SETAC effort, DeGraeve et
a. (1998) concluded that a national center of expertise on WET issues would be beneficial to provide
guidance to regulatory agencies, permittees, and laboratories.

WERF aso funded a project entitled “Whole Effluent Toxicity Testing Methods: Accounting for
Variance” (Warren-Hicks et a. 1999). This study compared within- and between-laboratory results of
referencetoxicant test variation as measures of reproducibility and comparability, respectively. Theauthors
concluded that some laboratories could consistently reproduce test results, while others could not and
inferred that test precision is afactor of laboratory experience and not inherent methodol ogical weakness.
The authors recommended that national studies be conducted to evaluate within- and between-laboratory
precision of promulgated WET test methods. (EPA has aready initiated this study.) They aso
recommended that additional test acceptability criteria(TAC), such as upper and lower bounds of MSD, be
established and incorporated in the NPDES process. The latter recommendation corroborates other
researchers’ recommendations discussed above.

4.3 Minimizing Variability by Adhering to WET Toxicity Test Methods

Specific factorsthat affect variability in WET analyses have been described in several papers (Burton
et al. 1996, Ausley 1996, Erickson et al. 1998, Daviset a. 1998). The most important initial consideration
in developing precise datais alaboratory’ s experience and successin performing aspecific analysis. Most
critical reviewsof WET dataprecision emphasizethisinitial consideration. Experienced professionalsmost
likely will be able to develop the most consistent and reliable information and can interpret anomalous
conditions in the testing or results.

An additional factor in considering WET test method variability is whether the prescribed methods
(e.g., the EPA toxicity test methods promulgated in 40 CFR Part 136) are being followed appropriately (see
Chapter 5). If tests are submitted that do not meet specified TAC or are produced when laboratory QA
testing indicates analyses are beyond control limits, these results should not be used in the NPDES process.
Tests performed on effluent samplesthat have not met required temperature maximaor holding times should
not be considered for regulatory purposes. Rigorous QA practicesarecritical tothe successof any analytical
program. Both the regulatory authority and permittee should striveto ensure that such practicesarein place
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for any program developing WET data, whether by nationa laboratory accreditation, State regulatory
certification, direct permittee oversight, or specific contractual agreement with the laboratory.

Comparisons of WET method precision with analytes commonly limited in NPDES permits clearly
demonstrate that the promulgated WET methods are within the range of variability experienced in other
analyses. Several researchers also noted clear indications that method performance improves when
prescribed methods arefollowed closely by experienced analysts (Grothe et al. 1996, DeGraeveet al. 1998).

A review of WET test results confirms that imprecise WET data are being reported. As with any
analytical technique, inexperienced individual scan perform analysesincorrectly or fail tofollow appropriate
methods and quality assurance practices. Using the training that is available for these methods and quality
assurance techniquesreferenced by thisdocument will help ensurethat data of maximum reliability are used
and that sound decisions are made based on those results. The Western Coalition of Arid States conducted
astudy in 1997 (Moore et a. 2000), which reported the results of 16 testswith anon-toxic test sasmple using
the Ceriodaphnia dubia chronic test. These results indicated that 43 percent of the tests showed toxicity.
EPA isin the process of reviewing the paper and the raw data.

Personsinterested in WET issues may consult another source of information devel oped by the SETAC
Whole Effluent Toxicity Expert Advisory Panels. This group, established under a cooperative agreement
with EPA, provides scientific opinion and training on WET technical issues. Thisinformationisavailable
on the Internet at the SETAC web site, http://www.setac.org. Appendix D contains frequently asked
guestions with answers prepared by the SETAC WET Expert Advisory Panels. The expert panels have
identified and discussed various factors that affect WET variability.

4.4 Conclusion

Whenthevariability of WET analysesisviewed inthecontext of the NPDES program, thesetechniques
produce data that are as precise as those from chemical analyses. Aswith any other analytical system, lack
of experiencein performing the analyses, adherenceto prescribed QA practices, or good | aboratory practices
will reduce the precision of the results. Studies of these factors by independent researchers from both the
regulatory and regulated communities support these conclusions. While examples of poor-quality, highly
variableresultsfrom chemical analyses have also been publicized, theseresultsare frequently influenced by
the shortcomings mentioned above. Permittees that must generate and use WET data should become well-
educated in data quality interpretation, and permittees should require that QC practices be followed by
laboratories generating the data. Various sources of information presented in this chapter should assist
permittees, testing laboratories, and regul atory authoritieswith thiseducation process. Examplesof practices
that can further reduce the imprecision of analyses are also discussed in Chapters 5 and 6 of this document.
Additional refinements of TAC can likewise improve test power to detect effects (or the lack thereof) and
increase the statistical confidence in results.
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5.0 GUIDANCE TO REGULATORY AUTHORITIES, LABORATORIES
AND PERMITTEES: GENERATING AND EVALUATING
EFFECT CONCENTRATIONS

5.1 Steps for Minimizing Test Method Variability

This chapter provides the background and recommendations on WET test procedures related to
sampling, conducting the toxicity test methods, and conducting the statistical methods. |mplementing these
recommendations should decrease or minimize WET test method variability, thereby increasing confidence
to make regulatory decisions (see Figure 5-1). EPA stands behind the technical soundness of the current
WET test methods. The critical steps in minimizing WET test method variability are (1) obtaining a
representative effluent sampl e, (2) conducting thetoxicity testsproperly to generatethebiol ogical endpoints,
and (3) conducting the appropriate statistical analysisto obtain powerful and technically defensible effect
concentrations. Minimizing variability at each step increases the reliability of the WET test results. For
example, factorsthat affect variability include sampling procedures; sample representativeness; deviations
from standardized test conditions(e.g., temperature, test duration, feeding); test organisms; sourceof dilution
water; and analyst experience and technique in conducting the toxicity tests properly (Burton et al. 1996).

5.2 Collecting Representative Effluent Samples

The goal of effluent sampling is to abtain a representative sample that reflects rea-world biological
responses. Factors affecting the representativeness of effluent samples may include the sampling location,
frequency, and type (e.g., composite or grab), and sample volume, container, preservation methods, and
holding time. Burton et a. (1996) concluded that the above factors considerably influence test result
variability.

Effluent samples must be collected at alocation that represents the entire regulated flow or discharge.
Typicaly, the sampling site is designated in the discharge permit. As with sampling for any parameter,
effluent samples should be collected from a location where the flow is turbulent and well-mixed.
Additionally, effluent samples should be collected at afrequency that enables adequate characterization of
the discharge over time (e.g., accounts for daily to seasona changes and variations in effluent quality).
Major facilities should conduct WET testing monthly or quarterly, while minor facilities should conduct
WET testing semi-annually or annually.

Appropriate sample types should be collected to represent the effluent fully. When the effluent is
variable, collecting composite samples may be necessary. When the effluent islessvariable, grab samples
may be sufficient (e.g., from long-term retention pond facilities).

Sample containers should be non-reactive so that they do not affect sample characteristics. Tablell of
40 CFR Part 136 requires that toxicity test samples be collected in glass or plastic containers, as specified
inthemethods. Sufficient samplevolume should be collected for the type of test being conducted, including
the number of test dilutions. When samples are collected in Cubitainers®, headspace should be minimized.

Samples must be properly preserved. Part 136 of 40 CFR requires that samples for WET testing be
cooled to 4°C when shipped off-site and between test sample renewals. Samples must be cooled during all
phases of collection, transportation, and storage to minimize physicochemical changes. Samples must be
tested within the specified maximum holding times before significant changes occur, such as volatilization
or biological or chemical degradation. If samples are not tested within specified maximum holding times,
the test isinvalid and must be repeated by collecting a new effluent sample and conducting a new toxicity
test to comply with the NPDES permit.
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Minimize Test Method Variability in (1) sampling, (2) biological methods, and (3) statistical
analysis to produce WET test endpoints that result in sound regulatory decisions.

Critical Factors

Collect ® Frequency of testing
Representative e Sample type
Sample e Sampling method
¢ ® Sample handling
Conduct ® Quality control procedures
Biological Test e Experimental design
Method e Test power
¢ ® Test acceptability criteria
Scigtri]gtlijgl e Statistical procedures

» Hypothesis testing approach

Analysis
Y » Point estimate techniques

v

Generate Valid

Effect
Concentration
Result(s)
Outcomes
Sound ® Results in higher confidence level
Regulatory —> in regulatory decision
Decisions ® Fewer challenges to permits

Figure5-1. Stepsto minimize WET test method variability.

5.3 Conducting the Biological Test Methods

Four main components of WET tests afford opportunities to control and minimize variability within
tests and within and between laboratories: (1) quality control (QC) procedures; (2) experimental design;
(3) test power; and (4) test acceptability criteria (TAC) beyond the minimum requirements specified in
EPA’sWET test methods.
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5.3.1 Quality Control Procedures

Quality assurance (QA) practices for toxicity tests address all aspects of the tests that affect data
quality. These practices include effluent sampling and handling, test organism source and condition,
equipment condition, test conditions, instrument calibration, replication, use of reference toxicants,
recordkeeping, and data evaluation. The EPA WET toxicity testing manuals specify the minimum
reguirementsfor each aspect. Regulatory authoritieshavethediscretionto prepare and implement additional
guidance beyond the minimum requirements specified in EPA’s WET test methods.

Anintegral part of the QA program is quality control (QC). The QC procedures are the more focused
and routineactivitiesconducted under theoverall QA program. Animportant QC componentin WET testing
is the requirement to conduct reference toxicant tests with effluent tests. The WET test methods outline
when reference toxicant tests are to be conducted. (See sections on quality of test organisms in the
manuals.) Referencetoxicant testing servestwo purposes: (1) determinethe sensitivity of thetest organisms
over time; and (2) assessthe comparability of within- and between-laboratory test results. Referencetoxicant
test results can be used to identify potential sources of variability, such astest organism health, differences
among batches of organisms, changes in laboratory water or food quality, and performance by laboratory
technicians. In the QA section of each promulgated test method (USEPA 1993, 1994a, 1994b), EPA
recommends sodium chloride, potassium chloride, cadmium chloride, copper sulfate, copper chloride, sodium
dodecyl sulfate, and potassium dichromate as suitable reference toxicants. The methods do not, however,
specify a particular reference toxicant or the specific test concentrations for each test method.

Thecurrent characterization of WET test method variability islimited by the ability to quantify sources
of within- and between-laboratory variability, becauselaboratories can use different reference toxicantsand
test concentrations for a particular method. Future evaluations of method variability would be greatly
enhanced by having data to analyze from multiple laboratories for the same reference toxicant, the same
dilution water at similar pH and hardness, and the same test concentrations. By standardizing reference
toxicants, testing laboratories could compare test results, permittees and regul atory authorities could better
compare and evaluate laboratories, and the data could be used to further quantify within- and between-
laboratory test precision. Specification of the reference toxicant and test concentrationsfor amethod across
laboratorieswould provide amuch larger and consistent data base to assess the comparability of within- and
between-laboratory test results.

Standardizing reference toxicants and test concentrations has been discussed in the literature. For
exampl e, the chronic methods manual for West Coast species (USEPA 1995) specifiesthereferencetoxicant
and test concentrations for each test species. The Southern California Toxicity Assessment Group
(SCTAG) is comprised of representatives from permittees, testing laboratories, regulatory authorities, and
academic ingtitutionsthat met to discusstechnical aspectsof WET testing (e.g., standardization of reference
toxicants, control charts). The SCTAG (1996) prepared areport to standardize reference toxicants for the
chronic freshwater test methods. This report evaluated an extensive data base of reference toxicant data.
Thereport recommended specific referencetoxicantsand test concentrationsfor thesemethods. TheSCTAG
(1997) adso prepared a QA/QC checklist to help toxicity testing laboratories establish and maintain
appropriate data quality measures. Regulatory authorities should review these publications when
standardizing reference toxicants.

The selection of reference toxicants and test concentrations should be based on specific criteria. The
following criteria, recommended in the SCTAG report, provide an excellent basisfor selecting standardized
reference toxicants:

1. Thetoxicant should provide precise and reliable measures of toxicological sensitivity.

2. Toxicant disposal should not be legally or environmentally problematic.
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The toxicant should produce a concentration-response effect for the test organism.
The toxicant should be quantifiable.

The toxicant should not pose an unacceptabl e health hazard to laboratory personnel.
The toxicant should be readily available.

o o~ »

Most recently, Warren-Hicks et a. (1999) recommended that national acceptance criteriabe specified
with upper and lower acceptance limitsfor reference toxicant test results, which all laboratorieswould need
to achieveto obtain accreditation. Variability could decrease nationally if testing laboratories are provided
with more detail on the evaluation and interpretation of reference toxicant control charts (APHA-AWWA -
WEF 1998). For example, such guidance could describe how to evaluate test results within the warning
limits. Both Environment Canada (1990, 2000) and APHA-AWWA-WEF (1998) have prepared guidance
on evaluating control chart data. The Environment Canada(2000) report specifiesusing zinc asaninorganic
reference toxicant and phenol as an organic reference toxicant for many aguatic tests. The report aso
specifies eight criteriafor selecting specific reference toxicants.

Previous use

Availability in a pure form
Solubility

Stability in solution
Stability during storage
Ease of analysis

Stable toxicity with normal changesin qualities of laboratory water

© N o gk~ w NP

Ability to detect abnormal organisms

Regulatory authorities may want to evaluate the above reports and the SCTAG reference toxicant
recommendationsfor the chronic freshwater test methods. Regulatory authoritiesmay al so want to evaluate
and recommend a standard reference toxicant and a specific concentration seriesfor each acute and chronic
test method each using data from this guidance document.

5.3.1.1 Guidance Related to Quality Control Charts and Laboratory Audits

Audey (1996) recommends some oversight of data quality, such as evaluating tests in meeting QC
criteria, using randomization procedures, and operating in allowed reference toxicant ranges to ensure that
QC proceduresare properly implemented. Another integral component of QC isthe maintenance of control
charts for reference toxicants and effluents. Laboratories should provide regular review of control charts.
EPA suggests keeping acontrol chart for each combination of test material, test species, test conditions, and
endpointswith amaximum of 20 test results. Modern software makes accumulating dataand reviewing key
test statistics possible with relatively little effort. Elementary methods can identify problems contributing
tovariability. Laboratories should practice regular control charting of test PM SDsand control performance
for al tests along with control charting of effect concentrations such as NOEC and point estimates for
referencetoxicantstests. Successivetestsshould be compared occasionally to detect repeated patterns, such
as one replicate’s being consistently higher or aberrant, or a trend over time. Time sequence plots of
concentration means and standard deviations would be useful in thisregard. Occasionally, aset of 5to 20
tests, inwhich block positions (see Appendix A in USEPA 1994b) have been recorded, should be subjected
to ANOVA for block or position effects. If such effects are significant or large, the laboratory should seek
advice on randomizing the replicates and concentrations.
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If alaboratory’s CV exceeds the 75" percentile CV from Tables 3-2 through 3-4, EPA recommends
calculating warning and control limits based on the 75" and 90" percentiles, respectively, of CV's for the
method and endpoint (Tables 3-2 and 3-3 and Appendix Tables B-1 and B-2). For example, suppose the
mean EC25 for a series of Ceriodaphnia chronic tests (Method 1002.0 with reproduction as the
endpoint) conducted at one laboratory with reference toxicant is 1.34 g/L. NaCl. Also suppose that the
standard deviation of the EC25sfor these testsis 0.85. The CV for this set of EC25sisthus0.63. In Table
3-2, the 75" percentile of CVsfor thistest’ sreproduction endpoint is0.45. Calculate the standard deviation
corresponding to the 75" percentile CV, S, s = 1.34 x 0.45 = 0.60. In Appendix Table B-1, the 90"
percentile of CVsis0.62 for this method and endpoint. Calculate S, o, = 1.34 x 0.62 = 0.83. Because the
CV for this series of EC25s exceeds the 90" percentile reported in Table B-1, EPA recommends the
following:

e Set control limitsusing S, 4, = 0.83,
e Setwarning limitsusing S, -5 = 0.60,
»  Promptly take actions to bring results within the control limits, and

» Attempt to bring results within the warning limitsin 3-12 months.

If the CV for the set of EC25sis less than the 90" percentile reported in Table B-1, use that CV to set
control limits. If the CV for the set of EC25sislessthan the 75" percentilein Table 3-2, do not set warning
limits using the latter value.

In addition, Burton et al. (1996) encourage regulatory programs to have alaboratory audit component
to document the existence and effectiveness of a QA/QC program directed at toxicity testing, including
analyst training and experience. Regulatory authorities should use the National Environment Laboratory
Accreditation Program (NELAP) (USEPA 1999a) and routine Performance Audit Inspections to evaluate
individual laboratory performance. Inspections should evaluate the laboratory’s performance with QC
control charts based on reference toxicants, examine procedures for conducting the toxicity test procedures,
and examine procedures for analyzing test results.

Regulatory authorities should develop a QC checklist to assist in evaluating and interpreting toxicity
test results. Appendix E presents examples of State WET implementation procedures related to reviewing
reference toxicant data and information on additional QA/QC criteria that have been developed and
implemented. Regulatory authorities should also provide additional guidance related to the interpretation
of QC contral charts. Thisadditional guidance could bethat laboratories maintain control charts on within-
test variability (e.g., PM SD) and use warning and control limits based on the 75" and 90" percentiles of CV's
for the test method and endpoint.

5.3.2 Experimental Design

Experimental design includes randomizing the experimental units (i.e., treatments, organisms,
replicates); establishing the statistical significance level (i.e., alpha level); and specifying the minimum
numbers of replicates, test organisms, and treatments. Oris and Bailer (1993) recommend that test design
and TAC be based, not only on aminimum level of control performance, but also on the ability to detect a
particular level of effect (i.e., test power).

A Typel error (i.e., “false positive”) resultsin the false conclusion that an effluent istoxic whenitis
not toxic. A Typell error (i.e., “false negative’) resultsin the false conclusion that an effluent is not toxic
when it actually istoxic. Power (1 - betd) isthe probability of correctly detecting a true toxic effect (i.e.,
declaring an effluent toxic when it isin fact toxic). Acceptable valuesfor alpharange from 0.01to0 0.10 (1
to 10 percent). The current EPA test methods recommend an alpharate of 0.05 or 5 percent in the toxicity
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testing manuals. Currently, EPA is preparing guidance on when an alpharate of 0.01 or 1 percent would be
considered acceptable (USEPA 2000a).

5.3.2.1 False Positives in WET Testing

Thehypothesistest procedures prescribedin EPA’ sSWET methods provide adequate protection agai nst
incorrectly concluding that an effluent istoxic whenitisnot. The expected maximumrate of such errorsis
theaphalevel usedinthe hypothesistest. The hypothesistest procedureisdesigned to provide an error rate
no greater than alpha when the default assumptions are met. The statistical flow chart provided with each
EPA WET method identifies cases when default assumptions are not satisfied and, therefore, when data
transformations or alternative statistical methods (e.g., a nonparametric test) should be used.

Alpha and beta are related (i.e., as alpha increases, beta decreases), assuming that the sample size
(number of treatments, number of replicates), size of difference to be detected, and variance are held
constant. The alpha and beta error rates depend on satisfying the assumptions of the hypothesistest. To
ensure that statistical assumptions and methods are properly applied, testing laboratories should review the
statistical procedures used to produce WET test results and other factors, such as biological and statistical
quality assurance, and verify that test conditions and test acceptability criteriawere achieved.

If atest is properly conducted and correctly interpreted, identifying any particular outcomeasa“false
positive” is impossible. An effluent that is deemed toxic test may require that the permittee conduct
additional toxicity teststo determineif toxicity isre-occurring. Evenif notoxicity isdemonstratedinfollow-
up tests, that does not rule out that the original toxic event was a true toxic spike in the effluent. False
negatives, however, impact the environment by allowing the discharge of harmful toxicants without
identification. Thismay occur because the toxic effects are not identified as statistically significant due to
lack of test sensitivity (see Sections 5.3.3 and 6.4).

M easurement error should not affect the protection against fal se positives provided by hypothesistests
and confidence intervals when they are appropriately applied. Measurement error, in the case of WET test
treatment mean values, likely consists largely of sampling errors (e.g., variability among organisms or
containers), although errorsin counting, weighing, and other procedures may also occur. Such sources of
imprecision are implicitly accounted for in WET test statistical inferences, because the sample variance
among the replicates within each treatment (dilution) is used for inference. Thetest “size” 1 - alpha will
protect adequately against false positives. A larger variance among replicates, however, could make
detecting real toxicity (i.e., false negatives) more difficult unless the number of replicates is increased to
provide more test sensitivity and power, which will reduce the rate of false negatives.

5.3.2.2 False Negatives in WET Testing

For a given alpha, beta decreases (power increases) as the sample size increases and the variance
decreases. Decreasing alphafrom 0.05 to 0.01 without otherwise changing the hypothesis test will reduce
the ability of the test to detect toxicity, that is, will reduce the power of the test. Thus, as alpha for the
hypothesistest isdecreased, thereisan inevitable trade-off between the rate of fal se positives when toxicity
is not present and the ability to detect toxicity when it is present (i.e., statistical power).

To limit within-test variability and thus increase power, EPA developed a minimum significant
difference (MSD) criterion that must be achieved in the chronic West Coast marine test methods (USEPA
1995). The MSD isameasure of the within-test variability and represents differences between treatments
and the control that can be detected statistically. Distributions of the MSD values of multiple tests for a
specific reference toxicant and test method can be used to determine the level of test sensitivity achievable
by acertain percentage of tests. Denton and Norberg-King (1996) analyzed several chronic test methodsto
guantify theeffect size based ontheexisting toxicity test method experimental designand M SD distributions.
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Denton and Norberg-King found when setting the beta error rate at 0.20 (power = 0.80), the effect size
detected varies from at least a 15-percent reduction from the control response for the chronic red abalone
larval development test to a 40-percent reduction from the control response for the chronic Ceriodaphnia
dubiatest. Inthisdocument, EPA has calculated power for each test method (see Section 5.3.3).

5.3.3 Test Power To Detect Toxic Effects

This section describes the statistical power and ability to detect toxic effects achieved by the current
WET methods, as inferred from the WET variability data set used to develop this document. These
inferencesare approximate, because assumptionsof normality and homogeneity of variancewere not aways
satisfied.

Power can be characterized only by repeated testing. Power is an attribute not of a single test, but of
a sequence of many tests conducted under similar conditions and with the sasme test design. Therefore, in
thisdocument, EPA used the sample averagesfor each laboratory’ s data set to characterize each laboratory.
The following two parameters were required: (1) the mean endpoint response in the control (growth,
reproduction, survival); and (2) the mean value of the error mean square (EMS) for tests.

EPA evaluated the ability to detect toxic effects using three approaches for each test method:
(1) number of replicates required to detect a 25-percent difference from the control with power of 0.80;
(2) percent difference from the control that can be detected with power of 0.80; and (3) power to detect a 25-
percent difference from the control. All calculations are based on a one-sided, two-sample t-test at alevel
of 0.95 (alphaof 0.05). The power for amultiple comparison (Dunnett’ sor Steel’ stest) will belessthan the
power for this two-sample t-test.

Table 5-1 summarizes the results for this evaluation. Depending on the method, between 30-percent
and 80 percent of the laboratories were able to detect a 25-percent effect for the sublethal endpoint
consistently. Between 60 percent and 100 percent of the laboratorieswere ableto detect a 33-percent effect.

To examine whether the upper bounds presented in Table 3-6 provide adequate test precision, EPA
calculated an estimate of the power to detect a 25-percent effect on a sublethal endpoint when the PMSD
equals the upper bound reported in Table 3-6. The upper bounds of the PMSD are shown in Table 3-6in
Chapter 3. At the lower PMSD bound, the power always exceeded 0.98. Tests with PMSD equaling the
upper bound are not often ableto detect a25-percent effect. Thisfinding doesnot mean that the upper bound
isineffective. The PMSD varies between tests, and each laboratory has adistribution of PMSDs. To avoid
exceeding this upper bound often, a laboratory would have to achieve substantially lower PMSDs in most
tests.

5.3.3.1 Attainment of the PMSD Related to Power

The power of the current experimental design could be reevaluated by comparing it to alternative
designs that useincreased number of replicates or number of test concentrations (Chapman et al. 1996). In
this document, EPA found that about half of the laboratories in the data set were able routinely to detect a
25-percent difference between control and treatment. About two-thirds of the laboratories could routinely
detect a33-percent difference (Table5-2). For example, mereattainment of the 90" percentile PM SD values
shown in Table 3-6 will not ensure the ability to detect a 25-percent effect (Table 5-2). If every acceptable
test hasaPM SD below that upper bound, however, the average PM SD will belowered. Based onthewithin-
laboratory variability of PMSD,* the average PM SD likely will be substantially lower than the upper bound
in Table 3-6, if most tests conducted by alaboratory are to have acceptable PM SDs.

1 Theaverage CV for PMSD is one-third to one-half its mean in commonly used methods.
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Table5-1. Testsfor Chronic Toxicity: Power and Ability To Detect a Toxic Effect on the
Sublethal Endpoint

No. LabsHaving
Power at L east
No. Labs with 0.8 ToDetect | Effect Detected
Power Effect of with Power 0.8
as Per cent of

No. Power Control Mean
Test Method Labs 0.8 0.5 (Range) 25% 33% (Range)
1000.0 Fathead Minnow 19 6 14 0.21-1.00 6 13 8.2-62
1002.0 Ceriodaphnia 33 10 29 0.38-1.00 10 19 14 - 45
1003.0 Green Alga 9 7 8 0.33-0.99 7 8 13-49
1004.0 Sheepshead Minnow 5 4 5 0.77 - 1.00 4 5 8.6-26
1006.0 Inland Silverside 16 7 13 0.23-0.97 7 12 17-59
1007.0 Mysid (growth) 10 5 8 0.21-0.91 5 8 21-70

Note: Power was calculated for atwo-sample, one-sided t-test at alpha = 0.05, for a 25-percent difference from the control.
Effect size detected was calculated for the same test using power 0.80. Calculations used the average EM S from all tests at
each |aboratory and the minimum number of replicates reported for those tests. Calculations assumed that the parametric
mean and variance equal the corresponding sample estimates. They also assumed approximate normality of means and
homogeneity of variance. Because these assumptions may be violated, the results here are approximate. By saying “detect a
25-percent difference from control,” this alternative hypothesisisintended: (control mean - treatment mean) > 0.25 x
control mean.

Table5-2. Power To Detect a 25-Per cent Difference from the Control at the 90" Per centile

PMSD
Three Four Five

Treatments Treatments Treatments

90" Per centiles |alpha =|alpha =|alpha =|alpha=|alpha=|alpha=

Chronic Method Replicates of PMSD 0.05 | 0.05/3| 0.05 | 0.05/4| 0.05 | 0.05/5
1000.0 Fathead Minnow 3 35 0.39 0.25 0.39 0.19 0.39 0.15
4 35 0.41 0.30 0.42 0.26 0.43 0.23
1002.0 Ceriodaphnia 10 37 0.39 0.31 0.41 0.30 0.43 0.30
1003.0 Green Alga 3 35 0.39 0.25 0.39 0.19 0.39 0.15
4 35 0.41 0.30 0.42 0.26 0.43 0.23
1004.0 Sheepshead Minnow 3 23 0.72 0.69 0.72 0.62 0.73 0.55
4 23 0.73 0.71 0.74 0.68 0.75 0.66
1006.0 Inland Silverside 3 23 0.72 0.69 0.72 0.62 0.73 0.55
4 23 0.73 0.71 0.74 0.68 0.75 0.66
1007.0 Mysid 8 32 0.48 0.41 0.50 0.40 0.52 0.40

Notes: Values are rounded to two significant figures. Number of treatments is the number of concentrations compared with the
control in the hypothesistest. The calculations assumed (1) the usual assumptions of the test are satisfied (approximate
normality, homogeneity of variances); and (2) equal replication in treatments and control. Because these assumptions may be
violated, the results here are approximate. Because the M SD/mean implies avalue for [root (error mean square)/mean], the
latter could be calculated from the MSD, Dunnett’s critical value, and the number of replicates, and then used in a cal culation of
power. Calculations apply to a one-sided, two-sample t-test of equal means, assuming equal variances and equal replication,
with hypotheses H,:{ control mean - treatment mean = 0} versus H_:{ control mean - treatment mean > 0.25 x control mean}.
The power achieved by Dunnett’ s multiple comparison procedure will lie between the two-sample power at alpha = 0.05 and
that for alpha = 0.05/(no. of treatments).
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Testing laboratories and permittees can examine the EMS or MSD in Tables B-14 and B-15
(Appendix B) to estimate the ability of aWET test to detect toxic effects. Some regulatory authorities may
require a comparison between the control and the receiving water concentration, which requires a two-
sample, one-sided test. Others may require the multiple comparisons procedure described in the EPA WET
methods (Dunnett’ s or Steel’ stests, one-sided, with alphaof 0.05). The power of Dunnett’ s procedurefalls
between the power of the one-sided, two-sample t-test with alpha of 0.05 and alpha of 0.01, assuming that
no more than five toxicant concentrations are compared to a control. The power of Steel’s procedure will
be related to, and should usually increase with, the power of Dunnett’s procedure and the t-tests. Tables
B-14 and B-15 in Appendix B also provide an appropriate guide to achieving power using a nonparametric
test.

Recently, the State of Washington (1997) issued guidance specifying an acute and chronic statistical
power standard to be achieved for compliance testing. EPA’s sediment toxicity testing manuals (USEPA
1994c¢, USEPA 2000) include power curves for various numbers of experimental units, CV ranges, and
associated alphaand betalevels. Sheppard (1999) isagood source to provide asimple explanation of how
power hel psdetermine how large asample should be. Additional information on power may be obtained at:
http://www.psychologie.uni-trier.de:8000/projects/gpower/literature.html .

EPA recommendsthat regul atory authoritiesspecify intheir State WET implementation proceduresthat
individual test results achieve a level of within-test sensitivity by using the upper and lower PMSD test
sensitivity bounds (see Section 6.4). To achieve the test sensitivity bounds, testing laboratories may need
to minimize within-test variability (e.g., EMS) or increase the number of replicates tested, or both. If
laboratories cannot achieve PM SD values of less than 25 percent for the toxicity test methods that require
aminimum of only three replicates (Methods 1000.0, 1004.0, 1006.0), then the numbers of replicates may
need to be increased. Appendix B (Section B.4) provides information related to the number of replicates
needed and discusses the relationship between test power and effect size achieved. The magnitude of the
effect size achieved relates to the test sensitivity.

5.4 Test Acceptability Criteria

EPA test methods have specific TAC that the effluent and reference toxicant tests must meet. A test
isconsideredinvalidif the TACsarenot met. Therecommended test conditionsfor each test method specify
the minimum requirements and the TAC. For example, control survival must be 80 percent or greater and
average control reproduction at least 15 young per surviving female in the chronic Ceriodaphnia dubia
survival and reproduction test.

Thechronic West Coast marine methods (USEPA 1995) requireadditional TAC. For example, tolimit
the degree of within-test variability, the methods specify a maximum allowable value for PMSD (see
Section 5.3.3 on experimental design). Some Stateshaveadditional TACintheir State WET implementation
policies. North Carolina (1998) for example, requires that the chronic Ceriodaphnia dubia analyses meet
an additional TAC of completethird brood neonate production by at |east 80 percent of the control organisms
and that the control reproduction CV be less than 40 percent.

Additional TAC might be specifiedtominimizevariability among replicates. Variability of any toxicity
test result isinfluenced by the number of replicates used, number of organismstested, and variability among
replicates at each test concentration and the control. Variability among replicates has been quantified by
treatment CV, EM S, or MSD. The application of amaximum acceptablevaluefor CV or MSD helpsensure
adequate laboratory QA/QC and increases the reliability of submitted data. One benefit of requiring a
maximum allowablewithin-test variability limitisthat |aboratorieswill improve culturing, test handling, and
housekeeping, which are usually incorporated into the laboratories standard operating procedures. For
example, the CV reguirement might be incorporated directly into the NPDES permit. Sample EPA Region
6 permit language reads:
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1. The coefficient of variation between replicates shall be less than or equal to 40 percent in the
control.

2. The coefficient of variation between replicates shall be less than or equal to 40 percent at the
instream waste concentration (IWC).

3. Test failure may not be construed or reported as invalid due to a CV of greater than 40 percent.
A repeat test shall be conducted within the required reporting period if any test is determined to
beinvalid.

Occasionaly, statistical analyses indicate a test failure when as little as 15-percent mortality has
occurred in atest dilution. Permit language has been developed to address this occurrence, as in the
following example:

If all TAC conditions are met and the percent survival of the test organismis greater than or
equal to 80 percent (in a chronic test) or 90 percent (in an acute test) in the critical dilution
concentrationand all lower dilution concentrations, thetest shall be consideredto beavalidtest,
and the PERMITTEES shall report an NOEC of not less than the critical dilution for the
discharge monitoring report (DMR) reporting requirements.

Regulatory authorities may consider providing guidance or imposing additional TAC, such as those
implemented by EPA Region 6 or like some States have implemented (North Carolina 1998, Washington
1997). Appendix E providesadditiona examplesof Statesthat haveimplemented further guidance on WET
QA/QC procedures and TAC. Warren-Hicks (1999) also recommended that additional national TAC be
established for each test method (e.g., upper and lower bounds on the MSD). Therefore, EPA recommends
that regulatory authorities require that additional TACs be implemented in permits to minimize within-test
variability and increase test sensitivity (see Section 6.4 and Appendix C for sample permit language).

5.5 Conducting the Statistical Analysis To Determine the Effect Concentration

EPA test methods currently recommend two statistical approaches to estimate a chemical or effluent
concentration for each biological effect endpoint (e.g., survival, growth, and reproduction). One approach
is to derive the NOEC by hypothesis testing, which equates biological significance with statistical
significance. The second approach is to estimate an effect concentration that reduces the control response
by 25 percent for chronic methods. The expanded use of WET tests in the NPDES program has brought
increased attention to the statistical analysis of toxicity test data. A common goal for both regulatory
authorities and permittees is to confirm that the effect concentrations were derived correctly using the
appropriate analysisapproaches. Reliableeffect concentrationslead toincreased confidenceinthe dataused
for making regulatory decisions, such as determining reasonable potential, deriving a permit limit or
monitoring trigger, and generating self-monitoring test results.

Another important consideration in conducting statistical analysesistheinconsistent use of statistical
programs. The proliferation of statistical packages has been helpful in data analysis; however, these
packages also can result in the misapplication of the datistical methods. APCA-AWWA-WEF
(1998) cautions the user to confirm the results of each analysis with each package before accepting them.
The data user is responsible for evaluating all data submitted to the regulatory authorities.

The 1995 SETA C Pellston Workshop discussed unresol ved scientificissuesand highlighted significant
research needs associated with WET testing. The attendees recommended the following:

Immediately instigate studies to evaluate improvements in the statistical analysis of WET test
data. These studies should include, but not necessarily be limited to, the following activities:
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(a) investigatetheimplications of concurrent application of NOEC/MSD, tests of bioeguival ence,
and ECp estimators (Chapman et al. 1996a).

In response to this recommendation, EPA began projectsto eval uate the bioequival ence approach and
additional point estimate modelsfor the WET program. At present, two test methods are being used for this
evaluation: (1) the chronic Ceriodaphnia dubia survival and reproduction tests and (2) the giant kelp
germination and germ-tube length test with reference toxicants.

The bioequivalence approach poses the following question: Do the mean responses of the effluent
concentration and the control differ by more than some amount? For example, the control response and the
responseat thecritical effluent concentration (i.e., instream waste concentration) must differ by no morethan
afixed valuein order to accept the hypothesis of no significant difference (i.e., no toxicity). Thisapproach
could address the concern that an imprecise test might not detect toxicity when toxicity is present or that a
small but statistically significant effect would detect toxicity that may not be biologically important. Some
researchers have suggested that the bioequivalence approach could provide a positive incentive for
dischargers to produce test results with lower within-test variability to demonstrate that no toxicity occurs
at alevel greater than abiologically (bioequival ence approach) significant amount (Shuklaet al. 2000, Wang
et al. 2000).

Bailer et a. (2000) evaluated the proposed regression-based estimators with the current EPA point
estimate models. They found that it appears reasonabl e to incorporate parametric estimation modelsin the
WET program. Bailer et al. (2000) concluded that these models are appropriate for all response scales(i.e.,
dichotomous, count, and continuous) and can incorporate monotonicity without bias. However, confidence
intervals still need to be developed for these parametric models.

In this document, EPA has not recommended either the bioequivalence or additional point estimate
modelsto supplement the current statistical approaches as described in thetesting manuals. EPA, however,
does encourage an independent, peer-reviewed workshop to evaluate the benefits of these alternative
statistical approaches to enhance the statistical approaches currently applied.

5.6 Chapter Conclusions

In this chapter, EPA provides guidance to permittees and testing laboratories on collecting
representative effluent samples, conducting the biological test methods, and evaluating the statistical
analyses. EPA recommends that States implement the lower and upper PMSD test sensitivity bounds to
achieve an acceptable level of test sensitivity and minimize within-test variability (see Section 6.4). EPA
also provides guidanceto permittees and testing laboratories on the number of replicatesrequired to achieve
the PMSD bounds. Testing laboratories should maintain and evaluate both effluent and reference toxicant
data using a measure of within-test variability such asthe PMSD.

Permittees and toxicity testing laboratories may need to increase replication in order to reduce PMSD
below the upper bound. Table B-15 can be used for initial planning of replication, given knowledge of
typical valuesof theerror mean square (EM S) or M SD and the number of concentrationsused inthe multiple
comparison hypothesis test. To ensure that all PMSD values fall below the upper bound in Table 3-6, a
laboratory would select the largest EM S value experienced in its past testing.

EPA recommendsthat testing laboratoriesrequireaminimum of four replicatesfor thefathead minnow,
sheepshead minnow, and inland silverside chronic test methods (Methods 1000.0, 1004.0, and 1006.0,
respectively). Four replicates are needed to execute the statistical flow chart when a nonparametric test is
needed. Three replicates are also sometimes insufficient to keep PMSD below the recommended upper
bound. In addition, four replicates are needed to help achieve the upper PMSD bound.
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6.0 GUIDANCE TO REGULATORY AUTHORITIES:
DETERMINING REASONABLE POTENTIAL
AND DERIVING WET PERMIT CONDITIONS

EPA developed the TSD (USEPA 1991a) to support implementation of national policy to control the
discharge of toxic pollutants. The TSD presents a statistical approach for determining the need for and the
method of deriving water quality-based effluent limits (WQBELSs) based on aquatic life (including WET),
human health, and wildlife criteria. This approach accounts for the uncertainty associated with small data
sets and data variability by assuming a statistical distribution of effluent data (usually lognormal) and
calculating aCV or using adefault CV to describe data variability.

6.1 Analytical and Sampling Variability in Calculations for Reasonable Potential
and Permit Limits

Section 6.1 discusses use of the CV of sample measurements of toxicity to make areasonabl e potential
determination and to cal culate permit limits. Two points must be understood: (1) thisCV isto becalculated
using toxic unit (TU) values (USEPA 19914) (see Section 6.2); and (2) EPA strongly recommendsthat point
estimates (not NOEC or LOEC values) be used to calculate the TU values (USEPA 1994a, 1994b).

Water quality-based effluent limits are required when a discharge causes, has reasonable potential to
cause, or contributes to an instream excursion above awater quality standard. Throughout this document,
EPA usesthe commonly understood, shorthand reference reasonable potential” to refer to this standard for
determining the need for awater quality-based effluent limit.

6.1.1 “Adjusting for Analytical Variability” in Calculations for Reasonable Potential and
Permit Limits

Adjustment approaches (see Appendix G.3) have been suggested to “ adjust for analytical variability”
when deriving permit limits and determining the need for a WET limit in the first place. EPA does not
recommend these adj ustment approaches (Appendix G.3) and strongly reaffirmsthe statistical approach and
methods for calculating permit limits provided in the TSD (USEPA 1991a). EPA recommends that
regulatory authorities use the statistical approach and calculation methodsin the TSD. The TSD methods
were designed to provide areasonable degree of protection for water quality (i.e., to avoid exceedances of
water quality criteria), while providing a reasonable degree of protection from the variability of effluent
toxicity and analytical variability. Thevarious*adjustment” approacheswould underminethese objectives.

TheTSD limit cal culation for apoint source can be divided into two steps: first, convert the wastel oad
alocation (WLA) to along-term average (LTA), and then convert the LTA to effluent limits (maximum
daily, average weekly, and average monthly limits). WET limit calculationsinclude an intermediate stepin
which the acute WLA is converted to aWLAa,c. These calculations employ a facility-specific CV based
upon effluent sampling data. The TSD approach usesthis CV in both steps.

Adjustment approachesintended to account for analytical variability, discussedindetail in Appendix G,
would inappropriately use different CVsin these two steps. Thefirst step would use an estimate of the CV
of “true” effluent toxicity, which issmaller than the CV for measured toxicities. Thisapproach would result
inalarger calculated LTA. The second step would usethe CV for the measured toxicities, whichisthe same
CV used in both steps of the TSD approach.

Use of such adjustment approaches would frequently result in setting an average monthly permit limit
(AML) that exceedsthechronicWLA. Appendix G demonstratesthat such outcomes(i.e., the AML exceeds
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the chronic WLA) generally can be expected to occur when various adjustment approaches are used.
Appendix G, Table G-1, presents a numerical example of how an adjustment approach would alow
calculation of an AML exceeding the chronic WLA (a four-day average value), even when sampling
frequency for the calculation is set at the recommended minimum of four samples per month. [It is
acceptable for the maximum daily limit (MDL), which applies to a single sample, to exceed the chronic
WLA. Itisalso acceptable for the AML to exceed the chronic WLA, if the AML calculation is based on
fewer than four samples per month. Note, however, that the TSD recommends alwaysassuming at |east four
samples per month when calculating the AML.]

The TSD reasonable potential calculation first cal culates the percentile represented by the maximum
observed TU value. For example, the maximum of 10 reported TU values is identified with the 63
percentile. Then the sample CV is used to project the 95" or 99" percentile TU value, using a table of
reasonabl e potential multiplying factors. Thisvalueis combined with the appropriate mixing-zone dilution
to project amaximum receiving water toxicity, whichiscompared with the applicablewater-quality criterion.
If an adjustment were applied to the reasonable potential calculation, the CV would be adjusted downward
and the maximum projected receiving water toxicity would be smaller. This would make a determination
of need for apermit limit lesslikely.

Because of these considerations, EPA strongly recommends that no adjustment be made to the CV or
variance of toxicity, either for reasonable potential or permit limit calculations. The TSD statistical
approaches already account for analytical variability appropriately. EPA continuesto recommend the TSD
approach, which ensuresthat effluent limits and, thereby, measured effluent toxicity or pollutant parameter
concentrations are consistent with calculated WLAS.

6.1.2 Analytical Variability and Self-monitoring Data

EPA determines compliance with permit limits on the basis of self-monitoring data, and these data
include some measure of analytical variability. Theinfluenceof analytical variability isaccounted for inthe
TSD statistical procedures used to set water-quality limits and determine the potential for toxicity, as
explained in Appendix G.

The permittee is responsible for ensuring that measured discharge toxicity never exceeds the permit
limits. No special allowance is made for analytical variability in assessing compliance. The maximum
discharge toxicity should incorporate a margin of safety, which will account for sasmpling and analytical
variability. In other words, to avoid exceeding permit limits, the facility’s treatment system should be
designed so that the maximum toxicity is somewhat lower than its permit limits.

6.1.3 Precision of WET Measurements and Estimates of Effluent CV

Single measurements on effluent involve some uncertainties about the true concentration or toxicity
related to representativeness of the sample, including sample holding time and conditions, and the anal ytical
measurement system. Like al analytical measurements, WET measurements (NOEC, EC25, LC50) are
inexact. That is, the exact toxicity of an analyte in asample can be specified only within somerange. This
imprecision can be reduced by using a suitable number of organisms and replicates for each test (see
Section 5.3.3 on experimental design).

Thenumbersof organismsand replicatesrequired for EPA WET method test acceptability arespecified
as minimums. Test precision will be approximately proportional to the square root of the number of
replicates. Thus, doubling the number of replicates may decrease the M SD to approximately 70 percent of
itsformer value. Increased replication al so tightens the confidence interval for apoint estimate of the effect
concentration (e.g., EC25 and L C50).
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EPA strongly recommends that toxicity measurements of an effluent be obtained at least quarterly for
three years to provide agood basis for determining the need for limits and for calculating limits. One year
should be regarded as the minimum duration needed to characterize effluent variability (due to seasonal,
stream flow, or process fluctuations), and ten the minimum number of measurements, unless scientific and
technical knowledge supports a shorter period as representative of the distribution of pollutant types and
concentrations of toxicity.

Estimates based on multiple measurements involve the same uncertainties that apply to single
measurements. They also may involve larger uncertaintiesrelated to sampling error, that is, the chance that
typical levelsof toxicity or concentrationsof pollutant may not be encountered during the sampling program.
The sampling program may not fully characterize effluent variability if too few samples are taken, the
sampling times and dates are not representative, or the duration of the sampling program is not long enough
to represent the full range of effluent variability. When determining the need for limits and calculating
limits, the variance or the CV of toxicity measurementsiskey. Thelarger the number of samples, the more
preciseisthe estimate. Confidenceintervalsfor the variance and CV can be calculated and carried through
the calculationsfor reasonable potential and effluent limits (Appendix G). Even when assumptions are not
strictly met, confidence intervals provide auseful perspective on the uncertainty of the results and the need
for moresamples. The minimumnumber of measurementsrecommended for cal cul ating estimates of the CV
for effluent toxicity is 10.

6.1.4 Between-Laboratory Variability

Between-laboratory variability may increase the CV asdiscussed in Section 6.1.1, if the toxicity tests
were conducted by more than one laboratory for aspecific facility. A concern to permitteesisthat this may
increase the likelihood of making afinding of reasonable potential.

Within-laboratory variability is the component of analytical variability that should be reflected in
regulatory calculations. If the data used for reasonable potential or permit limit calculations are effluent
measurement datareported by at least two laboratories, there are waysto appropriately estimatethe variance
to be used in TSD statistical calculations.

For example:

» If the same laboratories continue to be used in the same proportion or frequency and the
measurementsfromtheindividual |aboratoriesrepresent different sampling dates, the measurement
data can be treated asif they were generated by a single laboratory. This approach may increase
the estimated variance and the AML, which is not in the interest of the permittee. Selecting one
laboratory for future monitoring, based on the variance of its reported reference toxicant test
results, should mitigate this problem.

» If only one laboratory has reported data on each sampling date, and the other laboratories report
over different time spans or over the same time span on alternating dates, EPA recommends
forming a pooled estimate of variance. Calculate the sample variance (%) of log(TU) for each
laboratory separately, and combine these using the formula:

pooled variance of log(X) =[(N; - )S? + (N, - 1)S,7 / [(N, - 1) + (N, - 1)]
An analogous formulais used for more than two laboratories. The same result can be obtained by

conducting aone-way analysis of variance on log(TU) (with laboratories treated as the groups or
classes) and using the reported EMS.
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Changing alaboratory may change analytical (within-laboratory) variability of measurements and test
sensitivity (i.e.,, PMSD values). That is, the average effect concentration may change (e.g., Warren-Hicks
et al. 1999). Ideally, the permittee will anticipate and plan for a change of testing laboratory. Permittees
should comparereferencetoxicant test datafor current and candidate replacement laboratories, selecting one
with acceptable variability and a similar average effect concentration.

6.2 Determining Reasonable Potential and Establishing Effluent Limits

Effluent characterization is an essential step in determining the need for an NPDES permit limit.
NPDES regulations under 40 CFR Part 122.44(d)(1)(ii) specify that reasonable potential include “whether
a discharges causes, has the reasonabl e potential to cause, or contributes to an instream excursion above
a Sate water quality standard.” Calculations for reasonable potential determination and for permit limits
should follow EPA guidancein the TSD (USEPA 19914). In particular, the TSD statistical methods should
beused. Such calculationsshould use TUsfor WET data, not effect concentrations (percent whol e effluent).
Toxic units are defined (USEPA 19914, Chapter 1.3.1, page 6) asthe reciprocal of the effect concentration
times 100, where the effect concentration is expressed as a percentage of whole effluent, thus TUa = 100/
LC50 and TUc = 100/ECp.

When characterizing an effluent to determine whether a permit limit is necessary, permit writers can
use the available effluent WET data and a water-quality model to perform a reasonable potential analysis.
The TSD outlinesthe statistical approach. This approach uses existing effluent datato project a maximum
pollutant concentration or a maximum toxicity in the effluent (USEPA 1991a). The projected maximum
concentration or toxicity isused asan input in the water quality model to determine whether the effluent has
thereasonabl e potential to cause or contributeto an excursion of ambient water quality criteria. If reasonable
potential exists, the permit writer must derive aWET permit limit for that facility.

The variability of the existing effluent data, as measured by the CV, has a significant effect on the
projected maximum pollutant concentration or toxicity. The higher the CV, the higher the projected
maximum, and the morelikely that thereisreasonable potential and alimitisneeded. EPA recommendsthat
regulatory authorities use all valid, relevant, and representative data in making reasonable potential
determinations. EPA isdeveloping anational policy clarifying use of the TSD procedures for determining
reasonabl e potential for WET. Important componentsof thispolicy include specifying the minimum number
of valid WET tests necessary to calculate facility-specific CVs,? as well as recommending a step-wise
approach to determining the need for WET permit limits. Thisapproach reflectsastrong preference by EPA
and its stakeholders to rely on facility-specific WET testing, based on adequate frequency and duration of
effluent sampling, for making reasonable potential determinations for toxicity.

EPA recommends that point estimates be used to estimate effluent variability, to determine the need
for limits, and to set permit limits. This is recommended whether the self-monitoring test results will be
determined using hypothesis tests or point estimates. Point estimates have less analytical variability than
NOECsusing current experimental designs, as shown in Chapter 3. Point estimates make the best use of the
WET test data for purposes of estimating the CV, LTA, and RP factor and cal culating the permit limit.

When the State has narrative criteriafor toxicity and the TIE/TRE identifies a specific chemical that is the source
of toxicity, the permit writer may include a chemical-specific limit for that parameter instead of aWET permit limit
in accordance with 40 CFR Part 122.44(d)(v).

If fewer than ten data points are available, the regul atory authority must use adefault CV. Asaresult, the need for
aWET permit limit may be based on a default value rather than actual data.
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6.3 Development of a Total Maximum Daily Load for WET

Total maximum daily loads (TMDLS) may be indicated when there is acute or chronic toxicity in a
waterbody, leading to the listing of the waterbody asimpaired under CWA Section 303(d), and when there
are multiple sources of the toxicity. EPA believes that TMDL calculations should be performed on the
pollutants causing toxicity whenever possible. In these situations, EPA suggests that the first step of the
analysis is to conduct ambient toxicity identification evaluations to identify the pollutant(s) and the
source(s) causing thetoxicity. Once the pollutant(s) and source(s) causing toxicity have been identified for
the waterbody, then a TMDL should be developed for the individual pollutant(s).

6.4 Accounting for and Minimizing Variability In the Regulatory Decision Process

A common goal for the permittee and the regulatory authority isto have confidence in the test results
from the biological and statistical procedures. Both permittees and regulatory authorities would then have
more confidence in taking regulatory actions, such as evaluating multiple effluent samples to determine
reasonabl e potential and derive permit conditions (e.g., permit limits, monitoring triggers). If stepssuch as
collecting arepresentative effluent sampl e to conducting the toxicity tests properly, asdiscussed in Sections
5.2 through 5.4, and requiring additional TACs (Section 6.4) are used to reduce or minimize within-test
variability, then the reliability of the WET test results increases.

6.4.1 Recommended Additional TACs: Lower and Upper Bounds for PMSD

Reference toxicant data from a large number of tests and laboratories were used to generate PMSD
values; percentiles of these values are reported in Table 3-6. The MSD represents the smallest difference
between the control mean and a treatment mean that |eads to the statistical rejection of the null hypothesis
(i.e., no toxicity) using Dunnett’s multiple comparison test. MSD values are divided by the control mean
and multiplied by 100 to produce a “percent MSD” (PMSD) value. The PMSD allows comparison of
different tests and represents the smallest significant difference from the control as a percentage of the
control mean. Thus, it representsthe smallest significant value of therelativedifference[ 100 (control mean -
treatment mean)/control mean]. The MSD is often expressed as a percentage of the biological endpoint in
the control response.

The following formulais used to calculate MSD (as recommended by USEPA 1995):
MSD = ds,y/(1n)) +(1/n)

where
d = critical value for the Dunnett’s procedure
s, = thesguareroot of the error mean square (EMS)
n, = number of experimental unitsin the control treatment
n = thenumber of experimental units per treatment, assuming an equal number at all other

treatments

Percent MSD is calculated as follows:

PMSD = MSD

— = x100
control mean

EPA recommends that regulatory authorities implement both the lower and upper PMSD bound
approach to minimize within-test variability when using hypothesi s testing approaches to report an NOEC.
The implementation of the upper PMSD bound should also apply when using point estimate techniques.
Therearefivepossible outcomesfor regulatory decisions(see Figure6-1). Two outcomesimply unqualified
acceptance of the WET test statistical result:
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1. Unqualified Pass-Thetest’ sPM SD iswithinboundsandthereisno significant difference between
the means for the control and the instream waste concentration (IWC) treatment. The regulatory
authority would conclude that there is no toxicity at the IWC concentration.

2. Unqualified Fail-Thetest’sPMSD islarger than the lower bound (but not greater than the upper
bound) in Table 3-6 and there isasignificant difference between the meansfor the control and the
IWC treatment. The regulatory authority would conclude that there is toxicity at the IWC
concentration.

3. Lacks Test Sensitivity—The test’s PMSD exceeds the upper bound in Table 3-6 and there is no
significant difference between the means for the control and the IWC treatment. The test is
considered invalid. A new effluent sample must be collected and another toxicity test must be
conducted.

4. Lacks Test Sensitivity—The test’'s PMSD exceeds the upper bound in Table 3-6 and thereis a
significant difference between the means for the control and the IWC treatment. The test is
considered valid. The regulatory authority would conclude that there is toxicity at the IWC
concentration.

5. VerySmall but Significant Difference-Therelativedifference(see Section6.4.2, below) between
the meansfor the control and the IWC treatment is smaller than the lower bound in Table 3-6 and
this difference is statistically significant. The test is acceptable. The NOEC is determined as
described in Section 6.4.2 below.

MAX (X¢ - Xywe) = PMSD
Test: Unacceptable —
Lacks Sensitivity 4|
Percent
Minimum @
Significant
Difference
Very Small
Determine the NOEC
MIN (Section 6.4.2)

M X

IN MA
— (% - />

X. = control mean
X,we = instream waste concentration mean

Figure6-1. Paradigm that incorporatesthe lower and upper
per cent minimum significant difference.

Regulatory authorities should examine the sample permit language as provided in Appendix C, for
incorporation of the PMSD bound language in a NPDES permit.

Note that “unqualified acceptance” of a WET test result requires that all of the following must be
achieved: (1) collect the effluent sample properly; (2) conduct the toxicity test methods as specified in the
toxicity manuals; (3) meet the required TACs; (4) meet the proper water quality parameters (e.g., such as
temperature, pH); and (5) conduct the proper statistical calculations. All these conditions must be reviewed
and deemed acceptable before atest is evaluated for self-monitoring data and reporting.
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Figure 6-2 providesadecisiontreethat regul atory authorities can use when implementing thelower and

upper PMSD bounds.

Conduct Toxicity Tests

Calculate Statistical Endpoints

Evaluate Test Data

Check WQ
Parameters

KEY:
PMSD = Percent minimum
significant difference
MT = Monitoring trigger
TAC = Test acceptability criteria
WQ = Water quality Calculate

& Report
PMSD

Use Data for Calculating Reasonable Potential, Limit, Self-Monitoring Data

Below

Exceeds

Lower PMSD Bounds Upper PMSD
PMSD Bound -
. o & IS Significant Bound &
& 1S Significan IS NOT
Within Exceeds Significant
PMSD Bounds Upper 'gtnl'v'\‘;g”
& IS NOT PMSD Bound a

Significant
at IwC

Determine NOEC
According to 6.4.3

Continue Conduct
Routine Testing Additional Tests

Repeat Test with New
Effluent Sample

Figure6-2. Implementing applications of upper and lower PM SD boundsfor effluent
toxicity testing requirements.
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6.4.2 How to Determine the NOEC Using the Lower PMSD Bound

If the permit specifiesthat sel f-monitoring dataare to be generated using hypothesi stesting approaches,
then the analyst should report the NOEC asthefollowing. Find the smallest concentration for which (a) the
treatment mean differs significantly from the control mean and (b) the relative difference (see example
below) is not smaller than the 10" percentile in Table 3-6. Therefore, the NOEC is the next smaller test
concentration.

In other words, concentrations having avery small relative difference with control (smaller than the
lower PM SD bound) would be treated asif they do not differ significantly from control (evenif they do so),
for the purpose of determining the NOEC.

Table 6-1 illustrates the application of the lower PMSD bound for the reproduction endpoint of a
Ceriodaphnia chronic test. Inthisexample, thetest’sPMSD was 9.9, smaller than the 10" percentile value
of 11 foundinTable3-6. ThelWC concentration differed significantly fromthecontrol. Thetest fallsunder
outcome number 5, a significant but very small difference at the IWC. The first step is to calculate the
relative differencesfrom control (Table 6-1) as[(control mean - treatment mean) divided by (control mean)]
x 100. The next step isto determine which relative differences exceed the PMSD lower bound, 11 in this
case (seethelast column of Table 6-1). Finally, the NOEC is determined as described above. The NOEC
is 12.5 percent effluent for this example.

Table6-1. Example of Applyingthe Lower PM SD Bound for the Chronic
Ceriodaphnia Test with the Reproduction Endpoint

Reproduction Relative Does Relative

Concentration (mean of ten Difference Difference

(per cent effluent) replicates) from Control Exceed 117
100% 5.08 * 82 Yes
50% 124* 56 Yes
25% 234* 17 Yes
IWC =125% 25.3* 10 No
6.25% 26.1 7.4 No
Control 28.2 0 No

NOTE: Thelower PMSD bound for this method and endpoint is 11 (Table 3-6). In this
example, the NOEC is 6.25 percent effluent using the test’s (very small) PMSD. Therefore, the
reported NOEC should be 12.5 percent effluent after applying the lower PMSD bound.

* Differs statistically from the control as determined by MSD = 2.8 neonates. Thus, treatment
means that are less than 28.2 - 2.8 = 25.4 would be statistically significant. These correspond
to relative differences greater than 100 (2.8 / 28.2) = 9.9 percent.

6.4.3 Justification for Implementing the Test Sensitivity Bounds

A lower bound is needed to avoid penalizing laboratories that achieve unusually high precision. The
10" percentile PM SD representsapractical limit to the sensitivity of thetest method becausefew laboratories
are able to achieve such precision on aregular basis and most do not achieve it even occasionaly. Several
independent researchers have eval uated and provide support for using the M SD approach asadditional TAC
for thetoxicity test methods. Thursby et al. (1997) advocate and provide reasonsfor using an empirical data
base of minimum significant differencesto provide TAC using statistical performance assessment. The State
of Cdlifornia(Hunt et al. 1996, Starrett et al. 1993) and the West Coast marinetoxicity test methods (USEPA
1995) have implemented an upper PMSD bound to minimize insensitive tests. Also the State of North
Carolina has implemented additional requirements for the Ceriodaphnia chronic tests that reduced method
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variability. North Carolina's evaluation of these additional TACs and subsequent improvements in test
sensitivity appearsin Appendix F.

The North Carolina data base affords the opportunity to evaluate the effectiveness of additional TAC
and changes to the toxicity test procedures as they relate to the variability of WET test results (see
Appendix F). For example, for PM SD, the median value decreased from 21 percent to 16 percent, whilethe
90" percentile decreased from 39 percent to 31 percent, indicating an overall increasein test sensitivity. The
rangein median valuesacrossall laboratoriesbefore adopting additional TACswas 12 percent to 36 percent.
After adopting additional TACs, the range in median values was 10 percent to 27 percent, indicating a
decreaseinthe overall spread between laboratories. Therangein control CVswithin alaboratory wasfrom
21 percent to 79 percent before adopting TACs, compared to the range in control CVs within alaboratory
after adopting TACs, which was narrowed to 17 percent to 36 percent. Overall, laboratories are generating
data with more consistency within and between laboratories, after implementation of the additional TACs
and additional method guidance provided by the State for the chronic Ceriodaphnia dubia test method.

6.4.4 Guidanceto Testing Laboratories on How to Achieve the Range of Performance for
PMSD

EPA recommendsthat regul atory authorities use the upper bounds (90" percentilesfor PMSD in Table
3-6) to identify tests that are insufficiently sensitive. 1f PMSD exceeds this upper bound more often than
occasionally, the laboratory should thoroughly investigate ways to reduce variability. There are three
principal waysto reduce PMSD: (1) decrease within-test variability (that is, decrease the error mean square
and therefore the standard deviation at each concentration); (2) increase the control mean; and (3) increase
the number of replicates. The number of replicates required could be determined by trial-and-error
calculations using the error mean square values obtained from a series of WET tests. At least 20 tests are
recommended. Thenumber “n” intheformulafor M SD (number or replicates) would beincreased and M SD
re-calculated for each error mean square value. This approach uses a sample of tests specific to aparticular
laboratory and reveals the variation among tests. This approach would demonstrate how many replicates
would be needed to achieve the upper PMSD bound, as required in Table 3-6.

6.5 Additional Guidance That Regulatory Authorities Should Implement to Further Support
the WET Program

As discussed in Section 5.3, regulatory authorities have the discretion to develop and implement
additional WET program requirements and guidance to ensure that WET test method variability is reduced
by specifying additional guidance beyond the minimum regquirements of EPA’ sWET test method' s QA/QC
and TACs. Appendix E provides a snapshot of State approaches to implementing NPDES WET programs
to minimize WET test variability.

These State approachesinclude WET information to assi st theregulated community with thefollowing:

»  Guidance regarding the evaluation of reference toxicant and effluent test results

e Guidance regarding how the State reviews reference toxicant data for laboratory performance
» Guidance regarding additional QA/QC criteria the State has developed and implemented

» Guidance regarding efforts the State has made to minimize test method variability

»  Description of how the State reviews or conducts performance laboratory audits

» Description of specific implementation guidance that the State has developed to assist permit
writers

» Description of how the State provides or uses toxicity test training
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States contempl ating such changes should consult with EPA to ensure the changes will be appropriate
inthe context of the State’ soverall NPDESWET program. In addition, States should implement a step-wise
approach to address toxicity when the permit limit or monitoring trigger is exceeded in their State WET
implementation plans.

For example, when an effluent is deemed toxic, then the permittee should take appropriate steps to
demonstrate the magnitude, frequency, and potential source(s) of thetoxicity. The components of the step-
wise approach could include increased frequency of toxicity testing to characterize the magnitude and
frequency of toxicity. If continued toxicity is demonstrated, then the permittee could conduct a Toxicity
Reduction Evaluation/Toxicity Identification Evaluation (TRE/TIE) with toxic effluent sample(s) (USEPA
1991b, 1992). For example, EPA Regions 9 and 10 have prepared WET implementation guidance to assist
their States (Denton and Narvaez 1996). This guidance provides sample permit language for a step-wise
approach to address toxic samples (see Appendix C).

6.6 Chapter Conclusions

The TSD statistical approach to reasonable potential determination and permit limit derivation
considerscombined effluent and analytical variability throughthe CV of measured effluent values. Because
determination of effluent variability is based on empirical measurements, the variability estimated for
effluent measurements includes the variability of pollutant levels, sampling variability, and a smaller
component owed to method variability. Steps should be taken to reduce these sources of variability. EPA
believes that the TSD statistical procedures are appropriately protective in considering both effluent and
analytical variability in reasonable potential and effluent limit calculations.

EPA recommends that regulatory authorities use a sampling program that conducts at least ten
representative WET tests over a period of three years to represent the full range of effluent variability.
Regulatory authorities should use recommended proceduresin the TSD to determine when numeric WET
limits or WET monitoring triggers are needed. Other permit conditions may include monitoring triggers,
such as increased toxicity testing, TRES/TIES, and follow-up actions initiated because a permit limit is
exceeded or a monitoring trigger is not met. Regulatory authorities should implement the additional test
sensitivity requirements by requiring that each test result not exceed the upper PMSD bound. In addition,
regulatory authorities should determinethe appropriate NOEC for test results below thelower PM SD bound
asdescribed in Section 6.4.2. These efforts should lead to increased confidence in the effect concentrations
that are generated to evaluate self-monitoring data.
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7.0 CONCLUSIONS AND GUIDANCE TO LABORATORIES, PERMITTEES,

AND REGULATORY AUTHORITIES

This document was prepared to address whol e effluent toxicity (WET) test variability. The document
hasthreegoals: (1) quantify thevariability of promul gated test methods and report a coefficient of variation
(CV) asameasure of test method variability; (2) evaluate the statistical methods described in the TSD for
determining the need for and deriving WET permit conditions; and (3) suggest guidance for regulatory
authorities on approaches to address and minimize test method variability. This document quantified the
variability of toxicity test methods based on the end use of the data, that is, the effect concentrations (e.g.,
NOEC, LC50, EC25). The within-laboratory variability of these effect concentrations was quantified by
obtaining multiple test results under similar test conditions using the same reference toxicant. The major
conclusions of this document are discussed below.

7.1 General Conclusions

EPA’s Technical Support Document for Water Quality-based Toxics Control (referred to as the
TSD) presents guidance for developing effluent limits based on three key components: (1) water
quality criteria; (2) acalculated dilution factor used to derive awaste load allocation (WLA) from
the criteria; and (3) a statistical calculation procedure that uses a CV based on effluent data to
calculate effluent limits from the WLA. EPA’s TSD statistical approach is appropriately
protective, regarding both effluent and analytical variability, provided that the criteriaand WLA
arederived correctly. Itisinappropriateto adjust the TSD statistical methodology for determining
when water quality-based effluent limits are needed and for cal culating such limits (Section 6 and
Appendix G).

EPA’ sanalysisindicatesthat the TSD approach appropriately accountsfor both effluent variability
and method variability. EPA does not believe a reasonable aternative approach is available to
determine afactor that would discount the effects of method variability using the TSD procedures
(Section 6.1.1 and Appendix G).

Interim CV's are identified for promulgated WET test methods [Appendix A, Table A-1 (acute
methods) and Table A-2 (chronic methods)], pending completion of between-laboratory studies,
which may affect these interim CV estimates.

Comparisons of WET method precision with method precision for analytes commonly limited in
the National Pollutant Discharge Elimination System (NPDES) permits clearly demonstrate that
the variability of the promulgated WET methods is within the range of variability experienced in
other types of analyses. Severa researchers also noted that method performance improves when
prescribed methods are followed closely by experienced analysts (Section 4.1.2).

Thehypothesi stest proceduresprescribedin EPA’ sSWET methodswill provideadequate protection
against false conclusionsthat an effluent istoxic. However, the incidence of false negatives can
be high because of high within-test variability, making it difficult to detect toxicity when toxicity
istruly present. Therefore, evaluating the power of current experimental designsisdesirable. EPA
expects that regulatory authorities will make prompt and measurable progress toward the goal of
requiring all WET tests to detect a toxic effect of 25 percent to 33 percent with power of 0.80
(Section 5.3.3 and Appendix B.4).

Quality assurance problems became apparent when evaluating the data for this study, especialy
for the metal reference toxicants and sodium dodecy! sulfate (SDS). Standardizing the choice of
reference toxicant and the concentrations to be tested may be appropriate, as well as establishing
bounds on the range of acceptable effect concentrations for each test method. As a result,
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guantifying between-laboratory variability will be difficult unless these issues can be resolved
(Appendix G.2.6).

» The data analysis did not reveal the potential sources and causes of variability, such as using
different sources of test organisms, dilution water, and food. To assess the sources of variability
fully, experimenters must carefully design new studies (Section 3.4.1).

7.2 Recommendations for Minimizing Variability and Its Effects

Three critical areas are identified to minimize WET test method variability:

* Obtaining arepresentative effluent sample,

» Conducting the toxicity tests properly to generate biological endpoints, and

» Calculating the appropriate statistical endpoints to have confidence in the effect concentration.

Thisdocument providesguidanceto toxicity testing laboratories, permittees, and regul atory authorities
in conducting biological and statistical methods and evaluating test effect concentrations. It also develops
guidance for regulatory authorities on approaches to address and minimize test method variability. The
principal aspects of the guidance are presented in Table 3-6 and re-presented here.

Range of Relative Variability for Endpoints of Promulgated WET M ethods, Defined by the 10"
and 90" Per centiles from the Data Set of Reference Toxicant Tests®

PMSD Control CV®
No. of | No. of

Test Method® Endpoint®| Labs | Tests 10" oo 10" oo
1000.0 Fathead Minnow G 19 205 9.4 35 0.035 0.20
1002.0 Ceriodaphnia dubia R 33 393 11 37 0.089 0.42
1003.0 Green Alga G 9 85 9.3 23 0.034 0.17
1004.0 Sheepshead Minnow G 5 57 6.3 23 0.034 0.13
1006.0 Inland Silverside G 18 193 12 35 0.044 0.18
1007.0 Mysid G 10 130 12 32 0.088 0.28
2000.0 Fathead Minnow S 20 217 4.2 30 0 0.074
2002.0 Ceriodaphnia S 23 241 5.0 21 0 0.11
2004.0 Sheepshead Minnow S 5 65 0° 55 0 0
2006.0 Inland Silverside S 5 48 7.0 41 0 0.079
2007.0 Mysid (A. bahia) S 3 32 51 26 0 0.081
2011.0 Mysid (H. costata) S 2 14 18 47 0 0.074
2021.0 Daphnia (D. magna) S 5 48 5.3 23 0 0.11
2022.0 Daphnia (D. pulex) S 57 5.8 23 0 0.11

& The precision of the datawarrants only three significant figures. When determining agreement with these values, one may

round off values to two significant figures (e.g., values >3.45000... and <3.5000... are rounded to 3.5). Method 1009.0 (red
macroalga) is not reported because it isinadvisable to characterize method variability using only 23 tests from just two
laboratories.

Method numbers from 2000.0 through 2022.0 are acute toxicity methods.

G = growth, R = reproduction, S = survival

CVswere calculated using untransformed control means for each test.

An MSD of zero will not occur when the EPA flow chart for statistical analysisisfollowed. In thisreport, MSD was
calculated for every test, including those for which the flow chart would require a nonparametric hypothesis test. EPA
recommends using the value 4.2 (the 10" percentile shown for the fathead minnow acute test) in place of zero asthe 10"
percentile PMSD (lower PMSD bound) for the sheepshead minnow acute test.

® o O T
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7.2.1

7.2.2

Guidance to Toxicity Testing Laboratories

Testing laboratories should maintain quality assurance/quality control (QA/QC) control chartsfor
percent minimum significant difference (PM SD) along with the statistical endpointssuchasNOEC,
LC50, and EC25. Testing laboratories should regularly plot the individual raw test data and the
average treatment responses to examine possible causes of excessive variability (Section 5.3.1.1).

The minimum number of replicates for the chronic toxicity tests should be four for the chronic
fathead minnow, sheepshead minnow, and inland silverside test methods (Section 5.3.3.1).

Testing laboratories should take steps to ensure that the test PMSD does not exceed the upper
bound provided in the table above (Sections 3.3, 5.3.3, and 6.4 and Table 3-6). Thismay require
ensuring more uniformity among test organisms and/or using morereplicates. Tablesare provided
to aid in choosing the number of replicates (Tables B-14 and B-15).

Testing laboratories should examine the power tables to ensure that test results will meet the
recommended test sensitivity criteria. These tables can be used to make decisions about
replication, given the knowledge of typical values for error mean square (EMS) and number of
tested concentrations (Section 5.3.3 and Tables B-9 through B-15).

Guidance to NPDES Permittees

Permittees should select and conduct all dataanalyseswith onequalified toxicity testing laboratory
to determine reasonable potential, derive permit limits, and generate self-monitoring test results.
Conducting all effluent testing consistently using one reference toxicant is also prudent (Section
6.1.4 and Appendix G.2.5).

Permittees should generate WET data (n = 10) that have been accumulated over ayear or more to
fully characterize effluent variability over time. The sampling dates and times should span a
sufficient duration to represent the full range of effluent variability (Sections 6.1.3 and 6.2 and
Appendix G.2.4).

Permittees should examine testing laboratories QA/QC control charts. If the CV for reference
toxicant testsis greater than the 75" percentile in Tables 3-2 through 3-4, variability can likely be
reduced, even if the individua EC25 and LC50 values fall within the control limits (Section
5.3.1.1).

Permittees should examine toxicity test data to ensure that data being submitted to regulatory
authorities meet specified effluent holding times, temperature, laboratory control limits, and test
acceptability criteria, such as requirements for test sensitivity lower and upper PMSD bounds
(Sections 5.2 through 5.4).

Permittees should anticipate and plan for a change if switching to a different testing laboratory.
The permittee should compare reference toxicant test data from the current laboratory with data
from the candidate replacement laboratory in order to ensure acceptable variability and asimilar
average effect (Section 6.1.4).
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7.3 Guidance to Regulatory Authorities

Guidanceto Regulatory Authorities Rel ated to Deter mining Reasonabl e Potential and Deriving Permit
Limits:

Regulatory authorities should use EPA’s recommended statistical approach in deriving permit
limitations. The statistical approach outlined inthe TSD represents an effective and appropriately
protective approach to effluent limit devel opment (Section 6.1 and Appendix G.1).

Regulatory authorities should cal culatethefacility-specific CV using point estimatetechniquesfor
determining RP and for setting a permit limit, even if the self-monitoring test results will be
determined using hypothesis test procedures (Sections 3.4.1 and 6.2).

Regulatory authorities that need to cite a characteristic CV for a promulgated method may use
Tables A-1 and A-2 in Appendix A, which show the median CV from Tables 3-2 through 3-4.

EPA recommendsthat regulatory authorities eval uate the merits of astep-wise approachto address
toxicity. This approach can determine the magnitude and frequency of toxicity and appropriate
follow-up actionsfor test results that indicate exceedance of amonitoring trigger or a permit limit
(Section 6.5).

Guidance to Regulatory Authorities Related to Collecting Effluent Samples, Conducting the Toxicity
Test, and Evaluating the Effect Concentrations:

Regulatory authorities should design a sampling program that collects representative effluent
samples to fully characterize effluent variability for a specific facility over time. At least 10
samples are needed to estimate a variance or CV with acceptable precision for a specific facility
(Sections 6.1.3 and 6.2).

Regulatory authoritiesshould ensurethat statistical proceduresand test methodshave been properly
applied to produce WET test results. Evaluating other factors and data, such as biological and
statistical quality assurance, and ensuring that test conditions and test acceptability criteria(TAC)
have been met would be prudent (Sections 5.2 through 5.5).

Regulatory authorities should apply both the upper and lower bounds using the PMSD as an
additional TAC (Section 6.4 and Table 3-6). The State of North Carolinaimplemented an effective
WET program that required additional TAC and guidancefor test methodsthat served to minimize
test method variability (Appendix F).

Regulatory authorities should develop a QC checklist to assist in evaluating and interpreting
toxicity test results(Section 5.3.1.1). See Appendix E for examplesof State WET implementation
procedures.

Regulatory authorities should consider participation in the National Environment Laboratory
Accreditation Program and should conduct routine performance audit inspections to evaluate
individual laboratory performance. Inspections should determine compliance with minimum
acceptable criteriafor collecting appropriate and representative effluent samples, conducting the
toxicity test procedures, and analyzing test results (Section 5.3.1.1).

Regulatory authorities should incorporate revised technical guidance recently published by EPA
captioned “ M ethod Guidance and Recommendationsfor Whole Effluent Toxicity (WET) Testing”
(40 CFR Part 136) (USEPA 2000a). The guidance addresses. (1) error rate assumption
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adjustments; (2) concentration-response relationships; (3) incorporation of confidence intervals;
(4) acceptable dilution watersfor testing; (5) guidance on blocking by parentage for the chronic C.
dubia test method; and (6) procedures for controlling pH drift.

7.4 Future Directions

* An independent peer-reviewed workshop should be convened to evaluate alternatives to the
statistical approachescurrently usedin EPA’ sWET test methods. Such aworkshop might suggest
aternativesregarding (1) WET statistical flowcharts, (2) WET statistical methods used to estimate
effect concentrations, and (3) test data interpretation and review guidelines (Section 5.5).

»  Such aworkshop might also evaluate additional QC requirementsand recommendationsregarding
the specification of areference toxicant and the concentrations to be tested for each test method
(Section 5.3.1).
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INTERIM COEFFICIENTS OF VARIATION OBSERVED WITHIN
LABORATORIES FOR REFERENCE TOXICANT SAMPLES ANALYZED
USING EPA'S PROMULGATED WHOLE EFFLUENT TOXICITY METHODS

TablesA-1and A-2 identify interim coefficients of variation for each promulgated WET method. The
Agency identifies these as “interim” because EPA may revise some or al of these estimates based on
between-laboratory studies currently underway to evaluate some of the test methods. For the acute toxicity
methods, only “primary” organisms identified in the EPA method manuals (USEPA 1994a, 1994b) are
reported in the tables. The primary data used to calcul ate these CV's were estimated effect concentrations
(EC25, LC50, and NOEC) in units of concentration (e.g., mg/L of toxicant). Most CVsin Tables A-1 and
A-2 comedirectly from Tables 3-2 through 3-4. Those datawere supplemented as hecessary with datafrom
EPA publications (USEPA 1991, 1994a, 1994b). In Table 3-2, the NOEC values are reported separately for
eachtest endpoint. InTablesA-1and A-2, however, the NOEC valuesarereported asthe most sensitivetest
endpoint. Thedatafor agiven method represent avariety of toxicants. Ingeneral, laboratoriesreported data
for only onetoxicant for agiven method. Some of the datataken from EPA publicationsinvolved testsusing
different toxicants but conducted at one laboratory. In such cases, CVswere calculated separately for each
toxicant.

Tables A-1 and A-2 report a default value when results were available from fewer than three
laboratories and a similar species could be used as a basis for the default value of the CV. The sources of
default valuesareidentified in thefootnotesto Tables A-1 and A-2. For methods and endpoints represented
by fewer than three laboratories, the interim CV should be regarded as highly speculative.

Coefficients of variation are used as descriptive statistics for NOECs in this document. Because
NOECscantakeononly valuesthat correspondto concentrationstested, thedistribution (and CV) of NOECs
can beinfluenced by the sel ection of experimental concentrations, aswell asadditional factors(e.g., within-
test variability) that affect both NOECs and point estimates. This makes CV's for NOECs more uncertain
than those of point estimates, and the direction of this uncertainty isnot uniformly toward larger or smaller
CVs. Despite these confounding issues, CVs are used herein as the best available means of expressing the
variability of interest in this document and for general comparisons among methods. Readers should be
cautioned, however, that small differencesin CV's between NOECs and point estimates may be artifactual;
large differences are more likely to reflect real differencesin variability (adefinition of what is“small” or
“large” would require adetailed statistical analysis and would depend upon the experimental and statistical
details surrounding each comparison).

These results are based on tests conducted using reference toxicants. These CV's may not apply to
tests conducted on effluents and receiving waters unless the effect concentration (i.e., the EC25, LC50, or
NOEC) happenstofall inthe middle of therange of concentrationstested. More often, testsof effluentsand
receiving waters show smaller effects at the middle concentrations. Many effluent tests also demonstrate
that the effect concentration equals or exceeds the highest concentration tested. In such cases, the sample
standard deviation and CV tend to be smaller than reference toxicant CVs.
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Table A-1. Interim Coefficientsof Variation for EPA’s Promulgated Whole Effluent
Toxicity Methods for Acute Toxicity

Test No. of
Method No. ? Test Organism Estimate CVv Laboratories

2002.0 Ceriodaphnia dubia LC50 0.19° 23

2021.0 Daphnia magna LC50 0.22° 5

2022.0 Daphnia pulex LC50 0.21°

2000.0 Pimephales promelas LC50 0.16° 21

2019.0 Oncor hynchus mykiss LC50 0.16° na’
NA Salvelinus fontinalis LC50 0.16° na’

2004.0 Cyprinodon variegatus LC50 0.14° 5

2006.0 Menidia beryllina LC50 0.16°

2007.0 Mysidopsis bahia LC50 0.25°

& These codes for acute methods were devel oped specifically for this document.

b From Table 3-3.

¢ Default values. These values are identified for methods represented by fewer than three laboratories. Default values
for the trout (Salvelinus fontinalis) are based on Method 2000.0. Default values for Menidia menidia and M.

penisulae (not shown) are based on the median for M. beryllina.

NOTE: CVsrepresent the median coefficient of variation observed within laboratories for WET tests conducted on
reference toxicant samples. The test endpoint is survival.
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Table A-2. Interim Coefficients of Variation for EPA’s Promulgated Whole Effluent

Toxicity Methods for Short-Term Chronic Toxicity

Test No. of
Method No. Test Organism Endpoint Estimate CVv Laboratories
. Growth EC25 0.26% 19
1000.0 Pimephales promelas Survival LC50 0.23% 19
Most sensitive NOEC 0.31% 19
Mortality +
Teratogenicity b
. : ECO1 0.52 1
1001.0 Pimephales promelas Mortal |ty + LC50 0.07° na
Embryo-larval Teratogenicity c
- NOEC 0.22 na
Mortality +
Teratogenicity
Reproduction EC25 0.272 33
1002.0 Ceriodaphnia dubia Survival LC50 0.16% 33
Most sensitive NOEC 0.35% 33
1003.0 Selenastrum Cell count EC25 0.26% g
' capricornutum® Cell count NOEC 0.46% 9
Cyprinodon variegatus Growth EC25 0.13 5
1004.0 P 9 Surviva LC50 0.08 5
Most sensitive NOEC 0.38° 5
Mortality +
Teratogenicity e
Cyprinodon variegatus Mortality + EC10 0.199 L
1005.0 - LC50 0.07 1
Embryo-larval Teratogenicity e
- NOEC 0.22 1
Mortality +
Teratogenicity
Growth EC25 0.27% 16
1006.0 Menidia beryllina Survival LC50 0.28% 16
Most sensitive NOEC 0.46% 16
Growth EC25 0.28% 10
1007.0 Mysidopsis bahia Survival LC50 0.26% 10
Most sensitive NOEC 0.40% 10
. Fertilization EC25 0.36° 2
1008.0 Arbacia punctulata Fertilization NOEC 0.50° na
. Cystocarp production EC25 0.59* ¢ 3
10090 Champia parvula Cystocarp production NOEC 0.85*° 3

d
e

Tables 3-2 through 3-4.
USEPA 1994h, USEPA 1991.
Default values. These values are identified, when possible, for methods represented by fewer than three
laboratories. The default value for Cyprinodon is based on Pimephales. Default values for Menidia menidia and
M. penisulae (not shown) are based on the median for Menidia beryllina. Default values for Method 1001.0 were
based on Method 1005.0. The default value for Method 1008.0 was based on Method 1016.0 of Table B-3in

Appendix B.

Genus and species recently changed to Raphidiopsis subcapitata.
USEPA 1994a, USEPA 1991.
NOTE: CVsrepresent the median coefficient of variation observed within laboratories for WET tests conducted on
reference toxicant samples. NOEC estimates are reported for the most sensitive endpoint. This means that, for each
test, the NOEC value was recorded for the endpoint that produced the lowest NOEC test resullt.
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SUPPLEMENTARY INFORMATION FOR REFERENCE TOXICITY DATA

Appendix B contains technical and explanatory notes, and supplementary tables pertaining to the
statistical analyses of reference toxicant test results presented in Chapters 3 and 5.

B.1 Acquisition, Selection, and Quality Assurance of Data

Details of data quality assurance and test acceptance are provided in a separate document, available
from the EPA Office of Water’ s Office of Science and Technology (“Whole Effluent Toxicity (WET) Data
Test Acceptance and Quality Assurance Protocol”). On request, EPA will also make available a list by
laboratory of quality assurance (QA) flags, test dates, toxicant concentration, and summary statisticsfor the
NOEC, EC25, and EC50 estimatesand thetest endpoints (survival, growth, reproduction, etc.). Laboratories
arenot named. Datawere obtained as data setsfrom the data base and statistical software packages TOX1S®
and TOXCALC® (see Chapter 8 for citations).

TOXIS® software produces an acceptability criterion field code based on the TA C specified by the EPA
WET test methods. The tests having “I” (Incomplete) or “F’ (Failed) valuesin this field were eliminated
from consideration. TOX CAL C® datawere examined at theindividual test level. Thefirst step, beforedata
entry, consisted of examining the test for TAC from bench sheets. The data were then imported into
TOXCALC® for analysis. However, TOXCALC®, unlike TOX1S®, does not generate error codes but issues
awarning on the screen. These messages were examined and decisions were made case-by-case following
EPA test methods. In the second step, a QA program code was written in SAS® to check the TAC listed in
the WET test methods for acute and chronic toxicity tests.

The effect concentration values produced using TOXCALC® or TOXIS®, along with related test
information, were exported to spreadsheets and then imported into a SAS® dataset. All statistical analyses,
other than cal cul ations of effect concentration estimates, were conducted using SAS®. Variousdata QA tests
were conducted. Checks were made to ensure that data were within acceptable concentration-response
ranges. Also, thefrequency of tests, laboratories, and toxicants were compared for initial and final data sets
to ensure that the data were properly imported and exported. Furthermore, TOXIS® effect concentrations
having unacceptable error codes such as 905 (i.e., exposure concentrationsfor LC/EC valuesunrealistically
high due to small slope and estimates well beyond the highest concentration used) and 904 (i.e., non-
homogeneity of variance for aProbit estimate) wererejected. The TAC were not verified independently of
TOXIS®, although the data used passed the required TAC. Because TOXIS® does not export the qualifier
for censored endpoint values (i.e., “>" for greater than and “<” for less than), these qualifiers were later
added to casesin which the point estimate equal ed the maximum or minimum concentration in the dilution
series. The methods having two biological endpoints per test method (e.g., survival and reproduction) had
to pass both endpoint TACsto be included in the data analysis.

Non-standard |aboratory codes wereinvestigated by follow-up with the data provider; such caseswere
resolved either by reconfirming the laboratory identity or in afew cases by flagging the data as unusable.
Duplicate data sets were identified and eliminated; this involved comparing the test methods, organisms,
laboratory codes, test dates, test codes, concentration series, and replicate endpoint means. Concentration
unitswere standardized for each toxicant. Errorsin concentration units(e.g., ug versus mg) were identified
and resolved. The number of organismsand number of replicateswere not used to select or reject tests. For
example, the minimum number of replicateswasthreefor Method 1000.0 (which applied to only afew tests,
since most tests used four replicates, but some used three) and seven for Method 1002.0 (which was
exceptional since most tests used ten replicates).

Only the 20 most recent tests were used if more were submitted. Only laboratories having at |east six
data points were reported for the toxicants potassium chloride (KCI) and sodium chloride (NaCl) for two
common methods: Method 1000.0 (fathead minnow larval survival and growth) and Method 1002.0
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(Ceriodaphnia survival and reproduction). For other toxicants and methods, the minimum number of data
points per laboratory was set at four. The within-laboratory statistics based on only four tests can be
imprecise and should be regarded with caution.

In past protocols, the growth and reproduction effect values for the fathead minnow test (Method
1000.0), inland silversidetest (Method 1006.0), and mysid test (M ethod 1007.0) weredetermined by dividing
the weight or reproduction by the number of survivors. In contrast, the currently promulgated methods
require that the weight or reproduction values be divided by the original (starting) number of organisms. All
such results herein were calculated as currently required, using the weight or reproduction divided by the
original number of organisms.

Note that data for Method 1016.0 (purple urchin fertilization test) and Method 1017.0 (sand dollar
fertilization) included three different test methods with primary method differences including different
sperm-egg ratios, sperm collection procedures, and sperm exposure time. This method has since been
standardized and included in the West Coast chronic marine test methods manual (USEPA 1995).

A large percentage of datafrom afew laboratorieswas censored (i.e., recorded as“<” or “>") because
the effect concentration was outside the range of the concentration series. In some cases, the data were
censored because of the number or range of toxicant concentrations tested. When many data are censored,
areversal in the most sensitive endpoint can occur. For example, in the data for Method 1006.0 (Menidia
beryllina larval survival and growth test), the NOEC for the survival endpoint indicated a more sensitive
response than the sublethal endpoint for some tests.

B.2 Summary Statistics for 1C25, LC50, and NOEC
B.2.1 Within-Laboratory Variability of EC25, EC50, and NOEC

Test data were not screened for outliers as provided for in ASTM Practices D2777 and E691 (ASTM
1992, 1998). Thus, maximum and minimum values for the laboratory statistics summarized in Tables B-1
through B-6 may bedistorted by outliers. Therefore, EPA concluded that the maximum and minimum values
are not necessarily reliable and has not reported them in these tables. EPA recommendsthat the 10" and 90
percentiles reported in Tables B-1 through B-6 be used to characterize the range of test variability.

Tables B-1 through B-3 show percentiles of the within-laboratory coefficients of variation (CV's) for
EC25, EC50, and NOEC for all methodsin the variability dataset. However, when amethod isrepresented
by few laboratories, this summary cannot be considered typical or representative. When there were fewer
than ten laboratoriesfor amethod, the 10 and 90™ percentiles could not be estimated in an unbiased manner.
Columns P10 and P90 show the minimum and maximum in such cases. Similarly, when there were fewer
than four laboratories, columns P10 and P25 show the minimum and columns P75 and P90 show the
maximum. An unbiased estimate of the median is aways shown.

These percentiles are found by interpol ation between two sample order statistics. Thek™ sample order
statistic has an expected probability estimated by P, = (k - 0.375)/(N + 0.25). Linear interpolation between
two order statistics (X , and X,,,) having expected probabilities P, < P < P,,, providesthe estimate of the P"
guantile.

TablesB-4 through B-6 summarize variation across|aboratoriesfor the within-laboratory normal ratio
of extremes for the EC25, EC50, and NOEC estimates. Instead of using the ratio of largest-to-smallest
observations, whichisvulnerableto outliers, theratio of the 90" to the 10" percentiles (symbolized P90:P10)
was used to provide some robustness to outliers. This ratio is a measure of variability in terms of
concentration ratio. About 80 percent of observations are expected to fall between these percentiles. Thus,
if P90:P10 equals 4, about 80 percent of observations are expected to fall within adilution ratio of 4 (e.g.,
0.25 mg/L to 1.00 mg/L).
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The ratio is dimensionless and a more useful measure of the “range” of test results than the
concentration range. For example, NOECs may vary at one laboratory between 0.5 mg/L and 2.0 mg/L
(giving arange of 1.5 mg/L) and at another |aboratory between 0.25 mg/L and 1.0 mg/L (giving arange of
0.75 mg/L), yet both NOECs span two standard concentrations having aratio of 1:4. Also, using aratio
allows direct comparison among different toxicants having different concentration units. Further, toxicity
testsoftenrequirealog scale(that is, aratio scale) of concentration to provide an approximately linear curve
of endpoint response (Collett 1991). Environment Canada (2000) expects that plotting and statistical
estimation for WET testswill employ alogarithmic scale. In EPA publications, logarithmic (constant-ratio)
graphical scales are used for concentrations (USEPA 1994a,1994b).

TablesB-4 through B-6 provide an easy way to quantify theratio among effect concentrations expected
for 80 percent of tests. For example, in Table B-6 under the NOEC for the growth endpoint of Method
1000.0, the median laboratory has a ratio of 2.0. This means that for half of the laboratories, repeated
reference toxicant tests gave NOECs, 80 percent of which differed by no more than one standard dilution.
That is, most NOECs occurred at only one concentration or at two adjacent concentrations at half of the
laboratories. Notethat most testsused 1:2 dilutions, so for the NOEC, the only exact ratios possiblefor each
testarel:1, 1:2, 1:4, 1:8, and 1:16. Thus, for NOECs, the results presented in the tables may be interpreted
by rounding to these ratios.

The ratios P90:P10 in Tables B-4 through B-6 can be summarized asfollows. For the NOEC in most
of the promulgated WET methods, 75 percent of laboratories achieve aratio of no more than 1:4, and half
of thelaboratoriesroutinely achieveratiosof 1:1 or 1:2. For the LC50 (survival endpoint) for most methods,
75 percent of laboratories have ratios no more than 1:3, and half the laboratories have ratios no more than
1:2. For the IC25 (growth and reproduction endpoints), 75 percent of laboratories have ratios no more than
1:4, and half of laboratorieshaveratiosno morethan 1:2.5. Theratio for acute methodsisusually somewhat
less than that for chronic methods.

Note that two laboratories having the same ratio P90:P10 do not necessarily have similar NOECs;
between-laboratory variation also occurs. For example, consider threelaboratoriesthat reported datafor the
growth endpoint of Method 1000.0 tested with NaCl. Each has a ratio P90:P10 of 2.0. One laboratory
reported 11 tests, with the NOEC ranging from 0.4 mg/L to 3.2 mg/L. The 10" and 90" percentile estimates
were 1.6 and 3.2. A second laboratory reported 8 tests, with the NOEC ranging from 1.0 mg/L to 2.0 mg/L.
The 10" and 90" percentile estimateswere 1.0 and 2.0. A third laboratory reported 12 tests, with the NOEC
ranging from 1.0 mg/L to 4.0 mg/L. The 10" and 90™ percentile estimates were 1.0 and 2.0.

B.2.2 Between-Laboratory Variability of EC25, EC50, and NOEC

The estimates of within- and between-laboratory variability for WET testsin Table 3-5 (Chapter 3) are
based on Type-l analysis of variance and expected mean squares for random effects. Within-laboratory
variability is estimated as the square root of the error mean sguare (column “Within-lab ¢,,"), that is, the
pooled standard deviation for al tests and all |aboratories available for a given method, toxicant, and
endpoint. Column “Between-lab o,” isthe square root of the between-laboratory variance term, cal cul ated
as shown below. The column headed “Mean” shows the mean of the (unweighted) laboratory means.
Sample sizes (numbers of laboratories) are insufficient for credible estimates of between-laboratory
variability for most methods. The expected mean squares assumethat the population of laboratoriesislarge.
Finite population estimates would be more accurate for some combinations of method and toxicant.
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Table B-1. Percentiles of the Within-Laboratory Valuesof CV for EC25

Test
Metho No. CVv
d End- | of
Test Method? No.” point® |Labs| P10 | P25 | P50 | P75 | P90
Chronic, Promulgated
Fathead Minnow Larval Survival & Growth 1000.0 G 19 (012021026 038|045
Fathead Minnow Larval Survival & Growth 1000.0 S 16 [0.03|011|022|032|052
Ceriodaphnia (Cd) Survival & Reproduction 1002.0 R 33 |0.08|0.17|0.27 | 045 | 0.62
Ceriodaphnia (Cd) Survival & Reproduction 1002.0 S 25 |0.07|011|0.23|041]|0.81
Green Alga (S enastrum)d Growth 1003.0 G 6 0.02 | 0.25|0.26 | 0.39 | 0.51
Sheepshead Minnow Larval Survival & Growth 1004.0 G 0.03 | 0.09 | 0.13 | 0.14 | 0.18
Sheepshead Minnow Larval Survival & Growth 1004.0 S 2 0.15] 0.15 | 0.16 | 0.17 | 0.17
Inland Silverside Larval Survival & Growth 1006.0 G 16 | 0.05|0.18 | 0.27 | 0.43 | 0.55
Inland Silverside Larval Survival & Growth 1006.0 S 13 | 015|022 | 035|042 | 0.62
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 R 4 |022|0.03|038|041|042
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 G 10 (021|024 (028|032 |0.04
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 S 7 0.17 | 0.17 | 0.21 | 0.28 | 0.32
Red Macroalga (Champia parvula) Reprod 1009.0 R 2 0.58 | 0.58 | 0.58 | 0.59 | 0.59
West Coast
Topsmelt Larval Survival & Growth 1010.0 G 1 025 025|025 025| 0.25
Topsmelt Larval Survival & Growth 1010.0 S 1 0.20 | 0.20 | 0.20 | 0.20 | 0.20
Pacific Oyster Embryo-Larval Survival & Dev. 1012.0 D 1 025 025|025 0.25| 0.25
Mussel Embryo-Larval Survival & Dev. 1013.0 D 3 0.14 ] 0.14 | 0.27 | 0.42 | 0.42
Red Abalone Larval Development 1014.0 D 10 [013|0.15|0.25|0.35]|0.36
Sea Urchin Fertilization 1016.0 F 12 (018|026 | 041|058 |0.68
Sand Dollar Fertilization 1017.0 F 7 0.25|0.35| 043|051 0.60
Giant Kelp Germination & Germ-Tube Length 1018.0 G 11 |0.33|0.34| 040|043 0.60
Giant Kelp Germination & Germ-Tube Length 1018.0 L 11 [022|025|031|0.36|0.36
Acute
Fathead Minnow Larval Survival 2000.0 S 7 0.05| 0.09 | 0.15| 0.21 | 0.44
Ceriodaphnia (Cd) Survival 2002.0 S 8 0.04 | 0.09 | 0.10 | 0.19 | 0.33
Sheepshead Minnow Survival 2004.0 S 3 0.08 | 0.08 | 0.13 | 0.46 | 0.46
Inland Silverside Larval Survival 2006.0 S 4 |0.03|0.09|0.20|040|055
Mysid (Ab) Survival 2007.0 S 1 0.26 | 0.26 | 0.26 | 0.26 | 0.26
Mysid (Hc) Survival 2011.0 S 1 0.20 | 0.20 | 0.20 | 0.20 | 0.20
Rainbow Trout Survival 2019.0 S 1 011(011(011|0.11 021
Daphnia (Dm) Survival 2021.0 S 1 0.19|0.19 | 0.19 | 0.19 | 0.19
Daphnia (Dp) Survival 2022.0 S 3 0.06 | 0.06 | 0.41 | 0.48 | 0.48

a

Cd = Ceriodaphnia dubia, Ab = Americamysis (Mysidopsis) bahia, Hc = Holmesimysis costata, Dm = Daphnia
magna, Dp = Daphnia pulex

EPA did not assign method numbers for acute methods in EPA/600/4-90/027F. The numbers assigned here were
created for use in this document and in related materials and data bases.

D = development, F = fertilization, G = growth, G, = Germination, L = length, R = reproduction or fecundity, S
= surviva

Genus and species recently changed to Raphidocelis subcapitata.

b
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Table B-2. Percentiles of the Within-Laboratory Values of CV for EC50*

Test
M etho No. Cv
d End- | of

Test Method® No.° |point® [Labs| P10 | P25 | P50 | P75 | P90
Chronic, Promulgated

Fathead Minnow Larval Survival & Growth 1000.0 G 19 (010|015 |0.24|0.26 | 0.46
Fathead Minnow Larval Survival & Growth 1000.0 S 19 |012]015|023|0.31|044
Ceriodaphnia (Cd) Survival & Reproduction 1002.0 R 33 |0.06|012|0.23|0.29 | 0.46
Ceriodaphnia (Cd) Survival & Reproduction 1002.0 S 33 | 004|010 0.16| 0.29 | 0.46
Green Alga (Selenastrum)® Growth 1003.0 G 0.16 | 0.19 | 0.27 | 0.30 | 0.63
Sheepshead Minnow Larval Survival & Growth 1004.0 G 0.02 | 0.04 | 0.06 | 0.11 | 0.13
Sheepshead Minnow Larval Survival & Growth 1004.0 S 0.02 | 0.07 | 0.08 | 0.12 | 0.13
Inland Silverside Larval Survival & Growth 1006.0 G 16 |0.03|0.16 | 0.26 | 0.37 | 0.50
Inland Silverside Larval Survival & Growth 1006.0 S 16 |0.05|0.16 | 0.28|0.35 | 0.49
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 R 4 0.06 | 0.17 | 0.30 | 0.37 | 0.43
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 G 10 [015(019|0.22|0.27 | 031
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 S 10 (012|016 |0.26|0.27 | 0.28
Red Macroalga (Champia parvula) Reprod 1009.0 R 2 035 035|036 | 0.38|0.38
West Coast Methods

Topsmelt Larval Survival & Growth 1010.0 G 1 025 025|025 |0.25|0.25
Topsmelt Larval Survival & Growth 1010.0 S 1 0.17 | 0.17 | 0.17 | 0.17 | 0.17
Pacific Oyster Embryo-Larva Survival & Dev. 1012.0 D 1 021]021|021]021|021
Mussel Embryo-Larval Survival & Dev. 1013.0 D 3 0.25]025|035|035]|0.35
Red Abalone Larval Development 1014.0 D 10 [013|0.16|0.21|0.28|0.33
Sea Urchin Fertilization 1016.0 F 12 ({024 (030|035|052|0.61
Sand Dollar Fertilization 1017.0 F 7 0.28 | 0.33 | 0.34 | 0.50 | 0.79
Giant Kelp Germination & Germ-Tube Length 1018.0 G 11 |0.18|0.20|0.30 | 0.37 | 0.40
Giant Kelp Germination & Germ-Tube Length 1018.0 L 11 |0.17|0.18|0.25|0.32]0.32

Acute

Fathead Minnow Larval Survival 2000.0 S 21 |0.08|0.10|0.16 | 0.19 | 0.33
Ceriodaphnia (Cd) Survival 2002.0 S 23 |006|011|019|029]|034
Sheepshead Minnow Survival 2004.0 S 5 011|012 |0.14 | 021 | 0.37
Inland Silverside Larval Survival 2006.0 S 5 0.07 | 0.15| 0.16 | 0.21 | 0.44
Mysid (Ab) Survival 2007.0 S 3 0.17 | 0.17 | 0.25 | 0.26 | 0.26
Mysid (Hc) Survival 2011.0 S 2 0.27 | 0.27 | 0.30 | 0.34 | 0.34
Rainbow Trout Survival 2019.0 S 1 0.230.23|023|023]|0.23
Daphnia (Dm) Survival 2021.0 S 5 0.05 | 0.07 | 0.22 | 0.24 | 0.46
Daphnia (Dp) Survival 2022.0 S 6 0.15|0.19 | 0.21 | 0.27 | 0.48

a

) EC50 isamore general term than LC50 and may be used to represent an L C50 endpoint (such as survival).

Cd = Ceriodaphnia dubia, Ab = Americamysis (Mysidopsis) bahia, Hc = Holmesimysis costata, Dm = Daphnia
magna, Dp = Daphnia pulex

¢ Seefootnote b on Table B-1.

4 p= development, F =fertilization, G = growth, G, = Germination, L = length, R = reproduction or fecundity,
S=survival

Genus and species recently changed to Raphidocelis subcapitata.
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Table B-3. Percentiles of the Within-Laboratory Values of CV for NOEC

Test
Metho | £,,q4- | No. Ccv
d ; of
Test Method? Nob | PE™ I Labs| P10 | p2s | pso | P75 | Poo
Chronic, Promulgated
Fathead Minnow Larval Survival & Growth 1000.0 G 19 0| 0.22|0.37 | 0.53 | 0.65
Fathead Minnow Larval Survival & Growth 1000.0 S 19 (013|026 (039|048 |0.59
Ceriodaphnia (Cd) Survival & Reproduction 1002.0 R 33 | 020|025|0.33|0.49 | 0.60
Ceriodaphnia (Cd) Survival & Reproduction 1002.0 S 33 | 0.09]|021|0.30]|0.43]|0.55
Green Alga (S enastrum)d Growth 1003.0 G 0.30 | 0.40 | 0.46 | 0.56 | 0.82
Sheepshead Minnow Larval Survival & Growth 1004.0 G 0.20 | 0.34 | 0.40 | 0.44 | 0.52
Sheepshead Minnow Larval Survival & Growth 1004.0 S 0(014|0.18|0.24 | 0.38
Inland Silverside Larval Survival & Growth 1006.0 G 16 |0.14|0.31|0.46 | 0.57 | 0.63
Inland Silverside Larval Survival & Growth 1006.0 S 16 | 0.19]0.30 | 0.42 | 0.55 | 0.66
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 R 4 0(017]0.36|0.40 | 041
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 G 10 ({022 (035|039 |043|0.67
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 S 10 (013|028 |033(038|041
Red Macroalga (Champia parvula) Reprod 1009.0 R 2 0.85|0.85|1.00| 116 | 1.16
West Coast Methods
Topsmelt Larval Survival & Growth 1010.0 G 1 0.31]031|031]031|0.31
Topsmelt Larval Survival & Growth 1010.0 S 1 042|042 | 042 | 042 | 0.42
Pacific Oyster Embryo-Larval Survival & Dev. 1012.0 D 1 045|045 | 045 | 045 | 0.45
Mussel Embryo-Larval Survival & Dev. 1013.0 D 3 0 0]0.39] 043|043
Red Abalone Larval Development 1014.0 D 10 [024|025|029|0.31]0.38
Sea Urchin Fertilization 1016.0 F 12 [ 031|040 (050|069 |0.76
Sand Dallar Fertilization 1017.0 F 7 040 (041|053 |0.75 | 0.81
Giant Kelp Germination & Germ-Tube Length 1018.0 | G 11 |0.36|0.40| 054 | 0.65| 0.81
Giant Kelp Germination & Germ-Tube Length 1018.0 L 11 |[0.39|0.48| 059 | 0.68 | 0.76
Acute
Fathead Minnow Larval Survival 2000.0 S 21 1015|018 |022| 034|061
Ceriodaphnia (Cd) Survival 2002.0 S 23 | 007|018 |035| 041|057
Sheepshead Minnow Survival 2004.0 S 3 0.0 0]0.31]|0.33]|0.33
Inland Silverside Larval Survival 2006.0 S 5 0.0 0]0.33|0.35]|0.72
Mysid (Ab) Survival 2007.0 S 3 0.29 | 0.29 | 0.38 | 0.43 | 0.43
Mysid (Hc) Survival 2011.0 S 2 021|021|026|031|031
Rainbow Trout Survival 2019.0 S 1 0.35|0.35| 035|035 035
Daphnia (Dm) Survival 2021.0 S 5 0| 0.09|0.36| 047 ]| 0.83
Daphnia (Dp) Survival 2022.0 S 6 0.20 | 0.21 | 0.38 | 0.61 | 0.67

a

Cd = Ceriodaphnia dubia, Ab = Americamysis (Mysidopsis) bahia, Hc = Holmesimysiscostata, Dm = Daphnia
magna, Dp = Daphnia pulex

P Seefootnote b on Table B-1.

¢ D = development, F = fertilization, G = growth, G, = germination, L = length, R = reproduction or fecundity,
S=survival

Genus and species recently changed to Raphidocelis subcapitata.
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TableB-4. Variation Across Laboratoriesin the Within-Laboratory Value of P90:P10

for EC25
Test No. cv
Method| End- | Of
Test Method? No.? |point® |Labs| P10 | P25 | P50 | P75 | P90
Chronic, Promulgated
Fathead Minnow Larval Survival & Growth 1000.0 G 19 13| 17| 21| 36| 41
Fathead Minnow Larval Survival & Growth 1000.0 S 16 10| 13| 17| 23| 35
Ceriodaphnia (Cd) Survival & Reproduction 1002.0 R 33 12| 14| 22| 36| 6.3
Ceriodaphnia (Cd) Survival & Reproduction 1002.0 S 25 11| 13| 16| 26| 48
Green Alga (S enastrum)d Growth 1003.0 G 17| 18| 20| 25| 38
Sheepshead Minnow Larval Survival & Growth 1004.0 G 11| 11| 14| 14| 14
Sheepshead Minnow Larval Survival & Growth 1004.0 S 13| 13| 13| 13| 13
Inland Silverside Larval Survival & Growth 1006.0 G 16 11| 15| 20| 25| 4.2
Inland Silverside Larval Survival & Growth 1006.0 S 13 13| 17| 22| 32| 43
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 R 4 17| 21| 24| 27| 29
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 G 10 14| 18| 22| 26| 30
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 S 15| 15| 18| 24| 25
Red Macroalga (Champia parvula) Reprod 1009.0 R 2 6.7 | 6.7|102| 137 | 137
West Coast
Topsmelt Larval Survival & Growth 1010.0 G 1 17| 17| 17| 17| 17
Topsmelt Larval Survival & Growth 1010.0 S 1 18| 18| 18| 18| 18
Pacific Oyster Embryo-Larval Survival & Dev. 1012.0 D 1 20| 20| 20| 20| 20
Mussel Embryo-Larval Survival & Dev. 1013.0 D 3 14| 14| 22| 40| 40
Red Abalone Larval Development 1014.0 D 10 13| 15| 20| 29| 31
Sea Urchin Fertilization 1016.0 F 12 16| 18| 30| 6.7]149
Sand Dollar Fertilization 1017.0 F 7 24| 31| 38| 39| 6.1
Giant Kelp Germination & Germ-Tube Length 1018.0 G, 11 21| 21| 33| 41| 59
Giant Kelp Germination & Germ-Tube Length 1018.0 L 11 17| 18| 23| 25| 31
Acute
Fathead Minnow Larval Survival 2000.0 S 7 11| 12| 14| 15| 37
Ceriodaphnia (Cd) Survival 2002.0 S 8 11| 11| 13| 14| 16
Sheepshead Minnow Survival 2004.0 S 3 12| 12| 13| 52| 52
Inland Silverside Larval Survival 2006.0 S 4 10| 13| 17| 26| 34
Mysid (Ab) Survival 2007.0 S 1 17| 17| 17| 17| 17
Mysid (Hc) Survival 2011.0 S 1 15| 15| 15| 15| 15
Rainbow Trout Survival 2019.0 S 1 12| 12| 12| 12| 12
Daphnia (Dm) Survival 2021.0 S 1 19| 19| 19| 19| 19
Daphnia (Dp) Survival 2022.0 S 3 11| 11| 25| 28| 28

a

Cd = Ceriodaphnia dubia, Ab = Americamysis (Mysidopsis) bahia, Hc = Holmesimysis costata, Dm = Daphnia
magna, Dp = Daphnia pulex

P See footnote b on Table B-1.

¢ D = development, F = fertilization, G = growth, G, = germination, L = length, R = reproduction or fecundity, S
=surviva

4 Genus and species recently changed to Raphidocelis subcapitata.
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TableB-5. Variation AcrossLaboratoriesin the Within-Laboratory Value of P90: P10

for EC50%
Test
M %tho End- l\(l)?. Ccv
Test Method® Nos | PA™ | Labs| P10 | p2s | Pso | P75 | Poo
Chronic, Promulgated
Fathead Minnow Larval Survival & Growth 1000.0 G 19 13| 15| 18| 24| 33
Fathead Minnow Larval Survival & Growth 1000.0 S 19 14| 15| 18| 23| 30
Ceriodaphnia (Cd) Survival & Reproduction 1002.0 R 33 12| 13| 17| 23| 37
Ceriodaphnia (Cd) Survival & Reproduction 1002.0 S 33 11| 13| 15| 22| 35
Green Alga (Selenastrum)® Growth 1003.0 G 12| 15| 17| 24| 94
Sheepshead Minnow Larval Survival & Growth 1004.0 G 10| 11| 11| 12| 13
Sheepshead Minnow Larval Survival & Growth 1004.0 S 10| 11| 11| 12| 13
Inland Silverside Larval Survival & Growth 1006.0 G 16 11| 15| 18| 27| 35
Inland Silverside Larval Survival & Growth 1006.0 S 16 12| 15| 19| 28| 29
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 R 4 12| 15| 19| 24| 29
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 G 10 14| 15| 18| 22| 24
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 S 10 14| 16| 19| 20| 23
Red Macroalga (Champia parvula) Reprod 1009.0 R 2 23| 23| 49| 76| 76
West Coast
Topsmelt Larval Survival & Growth 1010.0 G 1 17| 17| 17| 17| 17
Topsmelt Larval Survival & Growth 1010.0 S 1 15| 15| 15| 15| 15
Pacific Oyster Embryo-Larval Survival & Dev. 1012.0 D 1 20| 20| 20| 20| 20
Mussel Embryo-Larval Survival & Dev. 1013.0 D 3 20| 20| 20| 28| 28
Red Abalone Larval Development 1014.0 D 10 14| 14| 18| 24| 26
Sea Urchin Fertilization 1016.0 F 12 18| 20| 29| 42| 65
Sand Dollar Fertilization 1017.0 F 7 24| 26| 28| 44| 6.0
Giant Kelp Germination & Germ-Tube Length 1018.0 G 11 17| 18| 21| 33| 36
Giant Kelp Germination & Germ-Tube Length 1018.0 L 11 16| 16| 18| 25| 27
Acute
Fathead Minnow Larval Survival 2000.0 S 21 12| 13| 15| 17| 26
Ceriodaphnia (Cd) Survival 2002.0 S 23 11| 12| 17| 20| 24
Sheepshead Minnow Survival 2004.0 S 5 11| 12| 14| 17| 28
Inland Silverside Larval Survival 2006.0 S 5 12| 14| 16| 17| 27
Mysid (Ab) Survival 2007.0 S 3 17| 17| 21| 21| 21
Mysid (Hc) Survival 2011.0 S 2 18| 18| 25| 31| 31
Rainbow Trout Survival 2019.0 S 1 18| 18| 18| 18| 18
Daphnia (Dm) Survival 2021.0 S 5 12| 12| 18| 22| 41
Daphnia (Dp) Survival 2022.0 S 6 14| 15| 19| 21| 22

a

o EC50 is amore general term than LC50 and may be used to represent an L C50 endpoint (such as survival).

Cd = Ceriodaphnia dubia, Ab = Americamysis (Mysidopsis) bahia, Hc = Holmesimysis costata, Dm = Daphnia
magna, Dp = Daphnia pulex

¢ Seefootnote b on Table B-1.

D = development, F = fertilization, G = growth, G, = germination, L = length, R = reproduction or fecundity,
S=survival

Genus and species recently changed to Raphidocelis subcapitata.
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TableB-6. Variation AcrossLaboratoriesin the Within-Laboratory Value of P90:P10

for NOEC
Test No. cV
Method | End- | of
Test Method? No.” |point®|Labs| P10 | P25 | P50 | P75 | P90
Chronic, Promulgated
Fathead Minnow Larval Survival & Growth 1000.0 G 19 10| 15| 20| 42| 80
Fathead Minnow Larval Survival & Growth 1000.0 S 19 10| 17| 20| 40| 50
Ceriodaphnia (Cd) Survival & Reproduction 1002.0 R 33 13| 19| 22| 40| 40
Ceriodaphnia (Cd) Survival & Reproduction 1002.0 S 33 10| 15| 20| 30| 53
Green Alga (S enastrum)d Growth 1003.0 G 18| 20| 27| 4.0] 100
Sheepshead Minnow Larval Survival & Growth| 1004.0 G 13| 20| 20| 40| 40
Sheepshead Minnow Larval Survival & Growth| 1004.0 S 10| 10| 13| 20| 20
Inland Silverside Larval Survival & Growth 1006.0 G 16 13| 20| 40| 42| 78
Inland Silverside Larval Survival & Growth 1006.0 S 16 18| 20| 29| 40| 41
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 R 4 10| 15| 20| 20| 20
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 G 10 19| 20| 20| 40| 76
Mysid (Ab) Survival, Growth, & Fecundity 1007.0 S 10 14| 20| 20| 20| 34
Red Macroalga (Champia parwvula) Reprod 1009.0 R 2 56| 56| 128 | 20.0| 200
West Coast
Topsmelt Larval Survival & Growth 1010.0 G 1 18| 18| 18| 18| 18
Topsmelt Larval Survival & Growth 1010.0 S 1 32| 32| 32| 32| 32
Pacific Oyster Embryo-Larval Survival & Dev. | 1012.0 D 1 40| 40| 40| 40| 40
Mussel Embryo-Larval Survival & Dev. 1013.0 D 3 10| 10| 32| 40| 40
Red Abalone Larval Development 1014.0 D 10 12| 18| 18| 18| 32
Sea Urchin Fertilization 1016.0 F 12 18| 20| 40| 69| 94
Sand Dollar Fertilization 1017.0 F 7 21| 31| 40| 6.0] 178
Giant Kelp Germination & Germ-Tube Length 1018.0 G 11 18| 23| 32| 57| 57
Giant Kelp Germination & Germ-Tube Length 1018.0 L 11 31| 31| 56| 57| 100
Acute
Fathead Minnow Larval Survival 2000.0 S 21 13| 15| 16| 20| 40
Ceriodaphnia (Cd) Survival 2002.0 S 23 10| 13| 20| 33| 50
Sheepshead Minnow Survival 2004.0 S 3 10| 10| 20| 20| 20
Inland Silverside Larval Survival 2006.0 S 5 10| 10| 18| 20| 4.0
Mysid (Ab) Survival 2007.0 S 3 27| 27| 32| 50| 50
Mysid (Hc) Survival 2011.0 S 2 18| 18| 19| 21| 21
Rainbow Trout Survival 2019.0 S 1 20| 20| 20| 20| 20
Daphnia (Dm) Surviva 2021.0 S 5 10| 13| 20| 40| 6.1
Daphnia (Dp) Survival 2022.0 S 6 13| 17| 20| 20] 100

a

magna, Dp = Daphnia pulex
P Seefootnote b on Table B-1.

C

S=surviva

Genus and species recently changed to Raphidocelis subcapitata.

Cd = Ceriodaphnia dubia, Ab = Americamysis (Mysidopsis) bahia, Hc = Holmesimysis costata, Dm = Daphnia

D = development, F = fertilization, G = growth, G, = germination, L = length, R = reproduction or fecundity,
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Estimation formulas were:

Expected mean square for error (within-laboratory): o,?
Expected mean square between-laboratories: o,? + U 6,7

U=[En-(En*/Y¥n)]/(L-1)

L isthe number of laboratories and n, the number of tests within the i™ laboratory (i = 1, ... L).
B.3 Variability of Endpoint Measurements

Dunnett’s critical value, needed for the minimum significant difference (M SD), was computed using
the SASfunction “PROBMC,” for aone-sided test at the 0.95 level (e = 0.05). Notethat Dunnett’ stest can
be applied when the number of replicatesdiffersamong treatments(Dunnett 1964), and that the SA Sfunction
“PROBMC” can calculate an appropriate critical value for the case of unequal replication.

The MSD was calculated for sublethal endpoints using untransformed values of “growth” (larval
biomass) and “reproduction” (number of offspring in the Ceriodaphnia test, or cells per mL in the
Selenastrum test), and for lethal endpoints using the arc sine transform (arc sine (v p)) of the proportion
surviving. The CV was calculated for all endpoints using the untransformed mean control response.

TablesB-7 and B-8 show percentilesof CV and of the percent minimum significant difference (PM SD),
which is[100xM SD/(control mean)]. These are the sample percentilesfor all testsin the data set (see row
“No. of tests’). Datafor al laboratories and toxicants for a given method and endpoint were combined.

Methodsin Tables B-1 through B-3 that are represented by fewer than three laboratories or fewer than
20 tests are not shown in Tables B-7 and B-8, because characterizing method variability using so few tests
and laboratories would be inadvisable.*

B.4 Test Power to Detect Toxic Effects

Power can be characterized only by repeated testing. It is an attribute, not of a single test, but of a
sequence of many tests conducted under similar conditions and the sametest design. Therefore, the sample
averages for each laboratory’ s data set are used in this analysis to characterize each laboratory. The key
parametersrequired werethe (a) mean endpoint responsein the control (growth, reproduction, survival) and
(b) the mean value of the error mean square (EMS) for tests.

Power isreported in this section for single two-sample, one-sided t-tests at 1-o = 0.95, and for a set of
k such tests (comparing k treatments to acontrol) at level 1 - a/k = 1 - 0.05/k. Some permitting authorities
may require a comparison between control and the receiving water concentration, which requires a two-
sample, one-sided test. Others may require the multiple comparisons procedure described in the EPA WET
methods (Dunnett’s or Steel’ stests, one-sided, with o = 0.05). The power of Dunnett’s procedure (using
o = 0.05 as recommended in EPA effluent test methods) will fall between the power of the one-sided, two-
sample t-test with o = 0.05 and that with o = 0.05/k, when k toxicant concentrations are compared to a
control. The power of Steel’s procedure will be related to and should usually increase with the power of
Dunnett’s procedure and the t-tests, so the following tables will also provide an inexact guide to power
achieved by the nonparametric test.

Tables B-9 through B-13 illustrate the ability of the sublethal endpoint for the chronic toxicity
promulgated methods to detect toxic effects using a two-sample, one-sided hypothesis test (t-test) at two

1 Tables B-7 through B-18 begin on page B-14.
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significance levels, o = 0.05 and o = 0.01. Data for Method 1009.0 (red macroalga) are not presented,
because characteri zing method performance using datafrom only two laboratoriesand 23 testsisinadvisable.

Table B-14 shows the power and PMSD to be expected for various combinations of (1) number of
replicates; (2) k, number of treatments compared with a control; and (3) value of the square root of the error
mean sguare (rEMS) divided by the control mean, when the t-test can be used.

Table B-15 shows the value of PMSD for various combinations of number of replicates, number of
treatments compared with a control, and rEM S/(Control Mean). (For definitions and explanations of the
terms used here, see Chapters 2 and 3.) This table can be used as a guide to planning the number of
replicates needed to achieve a given PMSD. The number of replicates needed can be determined by
calculating MSD using the average EMS for a series of tests (at least 20 tests are recommended) and
experimenting with various choices of number of replicates (the same number for each concentration and
test). This approach is recommended because it uses a sample of test EMSs specific to a particular
laboratory. Thisapproach also revealsvariation by test, showing how frequently PM SD exceeds the upper
bound in Table 3-6 if the number of replicatesisincreased.

The number of replicates needed to achieve a given value of PMSD will depend on the variability
among replicates (rEMS). Table B-16 shows percentiles of the rEM S divided by the control mean, for each
promul gated method for chronictoxicity, pooling all testsavailableinthe WET variability dataset. Thedata
for Method 1009.0 (red macroalga, Champia parvula) are based on only two laboratories and 23 tests and
therefore cannot be considered representative.

TableB-15 can be used to infer the number of replicates needed to make the M SD a certain percentage
of the control mean (25 percent and 33 percent are used here) for any particular value of rEMS. TableB-17
shows the number of replicates needed to do the same for the 90" and 85™ percentiles of rEMS found in
TableB-16, inwhich three or four treatments are compared to acontrol. These percentilesrepresent rather
extreme examples of imprecision. The precision achieved in most tests and by most laboratories is within
the bounds set by these percentiles. The exact number of replicates was not determined beyond “>15"
(Ceriodaphnia chronic test).

Table B-17 agrees with conclusions drawn from Table 5-1: For most methods, most laboratories can
detect a33 percent effect most of thetime, but many laboratories are unabl e to detect a 25 percent difference
between treatment and control in many tests.

B.5 NOEC for Chronic Toxicity Test Methods (Calculated Using the Most Sensitive
Endpoint)

NOEC for chronic toxicity methods is calculated using the most sensitive endpoint in each test
(meaning the smallest NOEC among those for the two or three endpoints). Table B-18 shows percentiles
of within-laboratory CVsinaformat likethat for TablesB-1 through B-6, and similar cal cul ationswere used.
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TableB-7a. Percentilesof Control CV for Sublethal Endpoints of Chronic WET Tests, Using
Data Pooled Across All Laboratories and Toxicants®

Test Method
1000.0 1002.0 1003.0 1004.0 1006.0 1007.0
Fathead Cerio- Green Sheepshead Inland Mysid
Minnow daphnia Alga Minnow Silverside (A. bahia)
No. of tests 205 393 85 57 193 130
No. of labs 19 33 9 5 16 10
Endpoint” G R G G G G
Per centile Control CV
5% 0.03 0.08 0.03 0.03 0.03 0.07
10% 0.04 0.09 0.03 0.03 0.04 0.09
15% 0.05 0.10 0.04 0.04 0.05 0.09
20% 0.06 0.11 0.05 0.04 0.06 0.10
25% 0.06 0.12 0.05 0.04 0.06 0.11
50% 0.10 0.20 0.08 0.07 0.10 0.15
75% 0.14 0.33 0.12 0.09 0.14 0.20
80% 0.16 0.36 0.14 0.09 0.14 0.22
85% 0.17 0.39 0.16 0.10 0.16 0.25
90% 0.20 0.42 0.17 0.13 0.18 0.28
95% 0.23 0.52 0.18 0.17 0.23 0.37

& Methods in Table B-1 having fewer than three laboratories or fewer than 20 tests are not shown here because so few
results may not be representative of method performance.

b= growth, R = reproduction
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Table B-7b. Percentilesof Control CV for Endpoints of Chronic WET Tests, Using Data Pooled
Across All Laboratories and Toxicants (West Coast M ethods)?

Test Method
1013.0
Mussel 1018.0 1018.0
Embryo- 1014.0 Giant Kelp Giant Kelp
Larval Red Abalone 1016.0 1017.0 Germination | Germination
Survival & Larval Sea Urchin | Sand Dollar & Germ- & Germ-Tube
Development | Development | Fertilization | Fertilization | Tube Length Length
No. of tests 34 137 159 67 159 159
No. of labs 3 10 11 11 11
Endpoint® S L F F G, L
Per centile Control CV
5% 0.01 0.01 0.01 0.01 0.01 0.02
10% 0.01 0.01 0.01 0.01 0.02 0.03
15% 0.01 0.01 0.01 0.02 0.02 0.03
20% 0.01 0.01 0.02 0.02 0.02 0.04
25% 0.01 0.02 0.02 0.03 0.02 0.05
50% 0.02 0.03 0.04 0.04 0.04 0.07
75% 0.04 0.05 0.07 0.06 0.06 0.09
80% 0.05 0.05 0.08 0.07 0.06 0.11
85% 0.06 0.05 0.10 0.08 0.07 0.11
90% 0.07 0.06 0.12 0.08 0.08 0.12
95% 0.07 0.08 0.18 0.12 0.10 0.14

& Methodsin Table B-1 having fewer than three laboratories or fewer than 20 tests are not shown here because so few results

may not be representative of method performance.

b G, = germination, F = fertilization, L = length, S = survival
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TableB-7c. Percentilesof Control CV for Survival Endpoint of Acute WET Tests, Using Data
Pooled Across All Laboratories and Toxicants

Test Method
2000.0 2002.0 2004.0 2006.0 2007.0 2011.0 2021.0 2022.0
Fathead | Cerio- |Sheepshead| Inland Mysid Mysid (H. | Daphnia | Daphnia
Minnow | daphnia | Minnow | Silverside | (A. bahia) | costata) |(D.magna) | (D. pulex)
No. of tests | 217 241 65 48 32 14 48 57
No. of labs 20 23 5 5 3 2 5 6
Per centile Control CV
5% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
25% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
50% 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00
75% 0.00 0.00 0.00 0.07 0.07 0.07 0.00 0.00
80% 0.00 0.00 0.00 0.07 0.07 0.07 0.00 0.00
85% 0.07 0.00 0.00 0.07 0.07 0.07 0.10 0.07
90% 0.07 0.11 0.00 0.08 0.08 0.07 0.11 0.11
95% 0.11 0.11 0.06 0.10 0.11 0.10 0.12 0.11
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Table B-8a. Percentiles of PM SD for Sublethal Endpoints of Chronic WET
Tests, Using Data Pooled Across All Laboratories and Toxicants*®

Test Method
1000.0 1002.0 1003.0 1004.0 1006.0 1007.0
Fathead Cerio- Green Sheepshead | Inland Mysid
Minnow | daphnia Alga Minnow | Silverside | (A.bahia)
No. of tests 205 393 85 57 193 130
No. of labs 19 33 9 5 16 10
Endpoint® G R G G G G
Per centile PM SD
5% 6.8 10 8.2 55 10 10
10% 9 11 9.3 6.3 12 12
15% 11 13 10 6.8 12 14
20% 13 15 11 7.9 13 16
25% 14 16 11 84 14 16
50% 20 23 14 13 18 20
75% 25 30 19 18 25 25
80% 28 31 20 19 27 26
85% 29 33 21 21 31 28
90% 35 37 23 23 35 32
95% 44 43 27 26 41 34

& PMSD =Percent MSD [100xM SD/(Control Mean)]

Methods in Table B-1 having fewer than three [aboratories or fewer than 20 tests are not shown
here because so few results may not be representative of method performance.

G = growth, R = reproduction
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Table B-8b. Percentiles of PM SD for Endpoints of Chronic WET Tests, Using Data Pooled
AcrossAll Laboratoriesand Toxicants (West Coast Methods)*®

Test Method
1013.0
M ussel 1018.0 1018.0
Embryo- 1014.0 Giant Kelp | Giant Kelp
Larval Red Abalone 1016.0 1017.0 Germination | Germination
Survival & Larval Sea Urchin | Sand Dollar & Germ- & Germ-
Development | Development | Fertilization | Fertilization | Tube Length | Tube Length
No. of tests 34 137 159 67 159 159
No. of labs 3 10 11 11 11
Endpoint® S L F F G, L
Per centile PM SD
5% 39 31 3.7 6.5 5.7 6.6
10% 55 3.8 5.1 6.9 6.5 7.9
15% 6.2 4.6 6.5 8.0 7.0 8.8
20% 7.1 5.0 7.3 85 7.4 9.2
25% 85 53 81 9.0 82 9.6
50% 11 79 12 12 10 11
75% 16 12 18 17 14 15
80% 19 13 19 19 15 16
85% 20 15 21 21 17 18
90% 42 16 25 26 18 21
95% 49 20 29 30 20 24

& PMSD = Percent MSD [100xM SD/(Control Mean)]

b

results may not be representative of method performance.
¢ G,=germination, F = fertilization, L = length, S = survival

Methods in Table B-1 having fewer than three laboratories or fewer than 20 tests are not shown here because so few
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TableB-8c. Percentiles of PMSD for Survival Endpoint of Acute WET Tests, Using Data
Pooled Across All Laboratories and Toxicants®

Test Method
2000.0 | 2002.0 2004.0 2006.0 2007.0 2011.0 2021.0 2022.0
Fathead | Cerio- |Sheepshead| Inland Mysid |Mysid (H.| Daphnia | Daphnia
Minnow | daphnia | Minnow | Silverside | (A. bahia) | costata) |(D. magna)| (D. pulex)
No. of tests | 217 241 65 48 32 14 438 57
No. of labs 20 23 5 5 3 2 5 6
Per centile PM SD
5% 0 4.6 0 45 39 14 45 43
10% 4.2 5.0 0 7.0 51 18 53 5.8
15% 5.0 5.6 0 8.9 6.9 21 6.4 6.8
20% 6.6 5.9 0 10 84 22 6.9 75
25% 74 71 6.1 12 8.9 23 8.4 8.3
50% 13 11 16 20 15 30 13 14
75% 21 16 32 26 23 38 19 20
80% 23 18 36 29 24 40 20 21
85% 26 19 49 36 24 42 20 22
90% 30 21 55 41 26 47 23 23
95% 51 25 67 46 33 58 27 27

2 PMSD = Percent MSD [100xM SD/(Control Mean)]
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TableB-9. Test Method 1000.0, Fathead Minnow Chronic Toxicity Test, Growth Endpoint:
Power and Effect Size Achieved

Square Power of Hypothesis Test (2-sample, 1-sided t-test)
Root of
No. |of ,Ii?ap Average|Average Var(l)?nce Sqogfl:; %=005 % =001
of Per | Control | Control | Control |Average |Average| N 100xDelta/ N 100xDelta/
Lab|Tests| Test Mean |StdDev| Mean EMS | PMSD |(Reps)|Delta| Mean Power | (Reps) |Delta| Mean Power
1 9 4 0.38 0.040 | 0.081 | 0.043 19 4 10.09 23 085 6 |0.12 33 0.48
2 13 4 0.32 0.013| 0.028 | 0.013 6 2 0.03 8 1.00f 3 |0.04 12 1.00
3 11 3 0.55 0.066 | 0.117 | 0.069 25 5 0.17 31 0.62] 7 |0.26 48 0.13
4 18 4 0.45 0.051| 0.107 | 0.066 21 6 0.13 30 067 9 |0.19 42 0.25
5 8 4 041 0.041| 0.115 | 0.064 26 6 0.13 31 0.63] 10 | 0.18 44 0.21
6 10 3 0.60 0.081| 0.189 | 0.082 28 5 0.20 34 054 8 |0.31 52 0.10
7 7 4 0.39 0.063| 0.064 | 0.073 31 9 0.15 38 047| 14 |0.21 54 0.12
8 20 4 0.55 0.053| 0.109 | 0.065 17 4 1013 24 082 7 |0.19 34 0.43
9 5 4 0.46 0.054| 0.217 | 0.044 17 3 0.09 20 093] 5 |0.13 28 0.68
10 | 11 |3t04 | 0.34 0.047| 0.042 | 0.043 20 5 0.11 32 0.60f 7 |0.16 49 0.13
11 | 11 | 3to4 | 054 0.074| 0.101 | 0.084 21 6 0.21 39 044 10 | 0.32 59 0.08
12 | 11 4 0.59 0.083| 0.142 | 0.076 20 5 0.15 26 0.77] 7 |0.22 37 0.35
13 | 10 4 0.42 0.046| 0.080 | 0.044 16 4 10.09 21 090, 6 |0.13 30 0.58
14 | 11 |3to4 | 0.39 0.055| 0.063 | 0.063 26 7 0.16 41 040 11 | 0.24 63 0.07
15 8 |3to4 | 048 0.048| 0.108 | 0.051 18 4 1013 27 0.76] 6 |0.19 41 0.22
16 | 11 |3to4 | 0.35 0.041| 0.056 | 0.052 23 6 0.13 37 048, 9 |0.20 57 0.08
17 6 3 0.40 0.050 | 0.055 | 0.098 31 13 0.25 62 0.21] 22 | 0.38 95 0.03
18 | 20 4 0.40 0.061| 0.095 | 0.064 27 6 0.13 32 0.60] 10 | 0.18 46 0.19
19 6 4 0.54 0.061| 0.177 | 0.060 19 4 1012 22 0.87] 6 |0.17 32 0.51

NOTE: Column“N (Reps)” shows the number of replicates needed to detect a 25 percent difference from control with power 0.8,
given the observed averages for EMS and control mean. Column “Delta’ gives the effect size of the endpoint in milligrams that
can be detected with power 0.8, given the observed averages for EMS and control mean. Column “100xDelta/lMean” givesthe
effect size as a percent of the control mean. Column “Power” gives the power to detect a 25 percent difference from control, given
the observed averages for EMS and control mean. PMSD = 100 x MSD / (Control Mean); EMS = error mean square.
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TableB-10. Test Method 1002.0, Ceriodaphnia Chronic Toxicity Test, Reproduction Endpoint:

Power and Effect Size Achieved

Square Power of Hypothesis Test (2-sample, 1-sided t-test)
Root of
No. No. Average | Average Var(l)?nce nggta:)? %=005 % =001
of | of Reps |Control | Control | Control [Average |Average| N 100xDelta/ N 100xDelta/
Lab|Tests| Per Test | Mean |Std Dev| Mean EMS | PMSD |(Reps)|Deltaj] Mean Power | (Reps) |IDelta| Mean Power
1 11 10 34 33 29 4.6 13 5 53 16 0.99 8 7.0 21 0.94
2 9 10 25 7.2 2.6 7.1 29 18 8.2 33 0.59| 28 | 10.8 44 0.28
3 13 10 17 2.6 14 3.6 18 10 | 41 24 0.82] 16 54 32 0.55
4 20 | 7to10 28 8.8 9.5 7.2 25 15 | 10.2 37 051 24 | 136 49 0.20
5 15 |10to 15 19 6.1 4.0 6.6 32 24 | 1.7 40 046| 39 | 10.1 52 0.19
6 20 | 9to 10 22 85 34 7.8 32 26 9.5 44 0.40| 42 | 126 58 0.15
7 20 | 9to 10 34 11.8 9.7 10.3 31 19 | 12.7 37 0.50] 31 | 168 49 0.21
8 18 10 22 8.6 6.3 74 31 23 8.6 39 048 37 | 113 51 0.20
9 13 10 25 4.9 3.0 4.8 17 8 5.6 22 0.88] 13 7.3 29 0.66
10 | 12 10 20 21 0.8 24 12 4| 28 14 1.00 6| 36 18 0.98
11 | 13 10 17 15 05 32 15 8 37 21 090 13 | 48 28 0.68
12 | 12 10 31 4.8 2.8 5.0 15 6 5.8 19 0.95| 10 7.6 24 0.82
13 8 10 24 51 25 53 22 11 6.2 25 0.79] 17 8.1 33 0.51
14 8 10 24 9.2 5.0 6.7 27 17 7.8 33 0.59] 28 | 10.2 43 0.28
15 | 12 10 18 52 2.7 4.8 24 15 5.6 31 0.65| 24 74 40 0.34
16 | 20 10 21 54 4.6 4.9 22 12 5.7 27 0.74] 19 75 36 0.44
17 | 10 | 9t0 10 24 6.1 4.5 6.9 29 18 85 35 054 29 | 112 47 0.23
18 | 10 10 20 5.8 37 55 24 15 6.4 31 0.64] 25 8.4 41 0.32
19 6 | 9to 10 23 10.9 39 84 36 28 | 10.3 45 0.38] 45 | 136 60 0.13
20 | 12 10 23 33 4.7 4.9 21 10 5.7 24 0.81] 16 75 32 0.54
21 9 10 28 53 3.0 6.0 20 11 6.9 25 0.79] 17 9.1 33 0.51
22 | 10 10 17 4.5 22 4.9 26 17 5.7 33 0.59| 28 7.6 43 0.28
23 9 | 9to 10 27 6.9 3.6 74 27 16 9.1 33 0.58] 25 | 120 44 0.27
24 | 10 10 18 4.4 14 4.5 23 13 53 29 0.70] 21 6.9 38 0.39
25 | 12 10 20 6.4 3.6 6.0 30 19 7.0 35 0.55| 30 9.2 46 0.25
26 | 12 10 27 4.4 32 4.2 14 6| 49 18 0.96] 10 6.5 24 0.84
27 | 10 10 21 6.0 4.0 6.1 27 19 7.0 34 0.56] 30 9.3 45 0.26
28 6 10 20 6.1 52 4.7 23 12 55 27 0.74] 20 7.3 36 043
29 | 14 10 31 5.6 3.0 5.9 19 9 6.8 22 0.87] 14 9.0 29 0.64
30 5 10 16 4.7 0.3 4.9 28 20 5.7 36 0.53] 32 74 47 0.24
31| 12 10 24 54 5.9 6.1 25 14| 71 30 0.67] 23 9.3 39 0.35
32 4 10 32 59 6.3 5.6 17 8 6.5 21 091 12 8.6 27 0.72
33 ] 18 10 24 6.9 5.6 6.8 28 17 7.9 32 0.61] 27 |103 42 0.30

NOTE: Seenote at bottom of Table B-9.
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TableB-11. Test Method 1004.0, Sheepshead Minnow Chronic Toxicity Test, Growth Endpoint:
Power and Effect Size Achieved

gqol(;?ro? Power of Hypothesis Test (2-sample, 1-sided t-test)
No. No. |Average|Average Var(l)?nce Sqogfl:; % =005 =001
of |of Reps |Contral | Control | Control |Average |Average| N 100xDelta/ N 100xDelta/
Lab|Tests|Per Test| Mean |Std Dev| Mean EMS | PMSD |(Reps) |Delta| Mean Power | (Reps) |Delta| Mean Power
1 12 4 0.88 | 0.040 0.11 | 0.037 6.6 2 10.08 8.6 1.00 3 |011 12 1.00
2 11 4 0.68 | 0.051 011 | 0.071 16 4 (014 21 0.90 6 |0.20 30 0.59
3 16 4 0.65 | 0.088 0.091 | 0.084 20 5 017 26 0.77 7 1024 37 0.34
4 14 4 1.00 | 0.074 0.13 | 0.076 12 3 |015 15 0.98 4 10.22 22 0.91
5 4 4 0.86 | 0.048 0.12 | 0.066 11 3 |013 16 0.98 4 1019 22 0.90

NOTE: Seenote at bottom of Table B-9.

TableB-12. Test Method 1006.0, Inland Silverside Chronic Toxicity Test: Power and Effect Size

Achieved
gqog?ro‘: Power of Hypothesis Test (2-sample, 1-sided t-test)
No. No. |Average|Average Var(l)?nce sqogf{)? el e
of |of Reps |Control | Control | Control |Average |Average| N 100xDelta/ N 100xDelta/

Lab|Tests|Per Test| Mean |Std Dev| Mean EMS | PMSD |(Reps)|Deltaj Mean |Power |(Reps) [Delta| Mean |Power
1 10 4 2.3 0.18 0.58 0.26 18 4 1053 23 0.86 6 | 0.75 32 0.50
2 15 4 094| 0.10 0.24 0.17 20 8 1034 36 0.52 12 | 0.48 51 0.15
3 19 4 2.1 0.24 0.86 0.27 19 5 1054 25 0.79 7 | 0.76 36 0.38
4 12 3 14 0.20 0.56 0.22 32 7 |0.56 42 0.40 11 | 0.86 63 0.07
5 6 | 3to4 1.8 0.25 0.57 0.43 31 12 |1.07 59 0.23 20 1.6 90 0.04
6 19 4 0.85| 0.11 0.23 0.10 20 4 10.20 24 0.83 7 | 0.29 34 0.43
7 20 | 3to4 14 0.15 0.53 0.31 31 11 |0.79 56 0.24 18 1.2 86 0.04
8 4 | 4105 1.1 0.10 0.20 0.11 15 4 10.23 21 0.91 510.33 29 0.62
9 20 4 2.4 0.23 0.47 0.25 17 4 051 22 0.89 6 | 0.73 31 0.56
10 | 20 | 3to4 091| 0.088| 0.35 0.11 22 4 |0.27 30 0.65 7 | 042 46 0.15
11 9 4 1.2 0.13 0.19 0.11 14 3 10.22 18 0.96 51031 25 0.79
12 7 4 2.1 0.22 0.38 0.25 17 4 |0.50 24 0.84 6 | 0.72 34 0.45
13 | 14 4 0.76 | 0.095| 0.12 0.11 22 5 10.22 28 0.70 8 | 0.31 40 0.27
14 5 4 15 0.12 0.33 0.12 13 3 10.25 17 0.97 4 10.35 24 0.84
15 8 4 0.77| 0.10 0.22 0.12 25 6 |10.24 31 0.64 9|03 44 0.22
16 5 3 1.2 0.11 0.20 0.14 20 4 10.35 30 0.67 6 | 0.53 45 0.16
NOTE: Seenote at bottom of Table B-9.
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TableB-13. Test Method 1007.0, Mysid Chronic Toxicity Test, Growth Endpoint: Power and
Effect Size Achieved

Square Power of Hypothesis Test (2-sample, 1-sided t-test)
Root of
No. No. |Average|Average Va”o?nce nggta(r)? Aver- CAl00e CAsl00
of |of Reps | Control | Control | Control |Average | age N 100xDelta/ N 100xDelta/
Lab|Tests|Per Test| Mean |StdDev| Mean EMS |PMSD |(Reps)| Delta Mean |Power |(Reps)|Delta| Mean |Power
1 18 8 0.25 0.040| 0.042| 0.041| 17 7 |0.054 22 0.89] 11 |0.072 29 0.66
2 19 8 0.37 0.15 0.13 0.11 25 20 0.15 41 044 33| 0.20 54 0.16
3 7 4 0.36 0.042| 0.065| 0.047| 21 5 |0.094 26 0.77 7 | 013 37 0.35
4 12 8 0.25 0.044| 0.035| 0.13 37 58 0.18 70 021 94 | 023 94 0.06
5 10 8 0.37 0.073| 0.049| 0.075| 22 9 |0.098 26 0.76] 15| 0.13 35 0.45
6 14 8 0.23 0.034| 0059| 0.040| 20 7 10.053 22 0.87] 11 |0.070 30 0.62
7 18 8 0.28 0.075| 0.056| 0.067| 26 13 | 0.089 32 0.62] 20 | 012 42 0.30
8 12 8 0.30 0.048| 0.070| 0.053| 19 8 |0.070 23 0.85| 12 |0.093 31 0.58
9 16 8 0.38 0.041| 0.048| 0.060| 16 7 10.079 21 090 10 | 011 28 0.68
10 4 8 0.30 0.041| 0.018]| 0.047| 14 6 | 0.061 21 0.91] 10 |0.081 27 0.71
NOTE: See note at bottom of Table B-9.
TableB-14. Power to Detect a 25% Difference Between Two Meansin a Two-sample,
One-sided Test (continued)
rEMS/ rEMS/ rEMS/ rEMS/
Control Mean = 0.10 Control Mean = 0.20 Control Mean =0.30 Control Mean = 0.40
Power With Power With Power With Power With
N a= a= a= a= a= a= a= a=
(Reps) | k | df PMSD | 0.05|0.05k | PMSD | 0.05|0.05k | PMSD | 0.05|0.05k | PMSD | 0.05 | 0.05/k

3 2|4 21 0.80| 0.66 43 0.29 0.17 64 0.16 | 0.09 85 0.12| 0.07

3 3|6 21 0.80 0.68 42 0.29| 0.18 63 0.16 | 0.10 84 0.12| 0.07

3 4 |8 21 0.80 0.68 42 0.29| 0.18 63 0.16 | 0.10 83 0.12| 0.07

3 5110 21 0.80 0.68 42 0.29 0.18 63 0.16 | 0.10 84 0.12| 0.07

4 2|6 17 0.92| 0.86 33 0.43| 0.29 50 0.24| 0.15 66 0.17{ 0.10

4 319 17 0.92| 0.86 34 0.43| 0.28 50 0.24| 0.14 67 0.17{ 0.09

4 4 |12 17 092 0.85 34 0.43| 0.27 51 0.24| 0.13 68 0.17{ 0.09

4 5115 17 0.92| 084 35 0.43| 0.26 52 0.24| 0.13 69 0.17{ 0.08

5 218 14 0.97 094 28 055 041 42 0.30 | 0.20 56 0.20 0.13

5 3|12 14 0.97 0.93 29 0.55| 0.38 43 0.30 | 0.18 58 0.20 0.12

5 4 |16 15 0.97 0.93 30 0.55| 0.36 44 0.30 | 0.17 59 0.20f 011

5 5120 15 0.97 0.92 30 0.55| 0.35 45 0.30 | 0.16 60 0.20f 0.10

6 2110 12 0.98) 0.97 25 0.63] 051 37 0.36 | 0.25 50 0.24| 0.16

6 3|15 13 0.98) 0.97 26 0.63] 047 39 0.36 | 0.22 52 0.24| 014

6 4 |20 13 0.98 0.96 27 0.63] 045 40 0.36 | 0.20 53 0.24| 012

6 5125 14 0.98 0.96 27 0.63] 043 41 0.36 | 0.19 54 0.24| 012
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TableB-14. Power to Detect a 25% Difference Between Two Meansin a Two-sample,

One-sided Test
rEMS/ rEMS/ rEMS/ rEMS/
Control Mean = 0.10 Control Mean = 0.20 Control Mean =0.30 Control Mean = 0.40
Power With Power With Power With Power With
N o= o= o= o= o= o= o= o=
(Reps) | k | df PMSD | 0.05 | 0.05/k PMSD | 0.05 | 0.05/k PMSD | 0.05 | 0.05/k PMSD | 0.05 | 0.05/k

7 5 130 12 0.99| 0.98 25 0.71) 0.50 37 041 | 0.23 50 0.28/ 0.13
8 2 114 10 1.00f 0.99 21 0.76| 0.66 31 046 | 0.34 42 031 021
8 3|21 11 1.00f 0.99 22 0.76| 0.62 33 0.46 | 0.31 a4 0.31] 0.18
8 4128 11 1.00f 0.99 23 0.76| 0.59 34 0.46 | 0.28 45 0.31 0.16
8 5135 12 1.00f 0.99 23 0.76| 057 35 0.46 | 0.26 46 0.31] 0.15
9 2 116 10 1.00 1.00 19 081 0.72 29 0.51| 0.39 39 0.34) 024
9 3|24 10 1.00 1.00 20 0.81 0.68 31 0.51| 0.35 41 034 021
9 4|32 11 1.00 1.00 21 0.81 0.65 32 051 | 0.32 42 0.34| 0.18
9 5 |40 11 1.00 1.00 22 0.81 0.63 33 0.51 | 0.30 a4 0.34| 0.17
10 2 118 9 1.00 1.00 18 0.85| 0.77 27 0.55 | 0.43 36 0.37| 0.26
10 3|27 10 1.00 1.00 19 0.85| 0.73 29 0.55 | 0.39 39 0.37] 0.23
10 4|36 10 1.00 1.00 20 0.85| 0.71 30 0.55 | 0.36 40 037 021
10 5 |45 10 1.00 1.00 21 0.85| 0.69 31 0.55| 0.33 41 0.37| 0.19
11 2120 9 1.00 1.00 17 0.88) 0.81 26 0.59 | 047 35 040 0.29
11 3 130 9 1.00 1.00 18 0.88) 0.78 27 0.59 | 0.42 37 040/ 0.25
11 4 |40 10 1.00 1.00 19 0.88) 0.75 29 0.59 | 0.39 38 040/ 0.23
11 5 | 50 10 1.00{ 1.00 20 0.88) 0.73 29 0.59 | 0.37 39 040, 021
12 2 122 8 1.00{ 1.00 16 0.90| 0.85 25 0.63 | 051 33 043 0.32
12 3133 9 1.00{ 1.00 17 0.90| 0.82 26 0.63 | 0.46 35 043 027
12 4 |44 9 1.00{ 1.00 18 0.90| 0.79 27 0.63 | 0.43 36 043 025
12 5 | 55 9 1.00{ 1.00 19 0.90| 0.78 28 0.63 | 0.40 37 043 0.23
13 2 |24 8 1.00{ 1.00 16 0.92| 0.87 24 0.66 | 0.55 32 045/ 034
13 3 |36 8 1.00{ 1.00 17 0.92| 0.85 25 0.66 | 0.50 33 045/ 0.30
13 4 |48 9 1.00{ 1.00 17 0.92| 0.83 26 0.66 | 0.46 35 045/ 027
13 5 | 60 9 1.00{ 1.00 18 0.92| 081 27 0.66 | 0.44 36 045/ 0.25
14 2 126 8 1.00{ 1.00 15 0.94| 0.90 23 0.69 | 0.58 30 048 0.37
14 3139 8 1.00{ 1.00 16 0.94| 0.88 24 0.69 | 0.53 32 048 0.32
14 4 |52 8 1.00{ 1.00 17 0.94| 0.86 25 0.69 | 0.50 33 048 0.29
14 5 | 65 9 1.00{ 1.00 17 0.94| 084 26 0.69 | 0.47 34 048 0.27
15 2 128 7 1.00{ 1.00 15 0.95| 0.92 22 0.72| 0.61 29 0.50| 0.39
15 3 |42 8 1.00{ 1.00 15 0.95| 0.90 23 0.72 | 0.56 31 0.50| 0.34
15 4 | 56 8 1.00{ 1.00 16 0.95| 0.88 24 0.72 | 0.53 32 0.50| 0.31
15 5|70 8 1.00{ 1.00 17 0.95| 0.87 25 0.72 | 0.50 33 0.50| 0.29

NOTE: Power isreported for tests with two values of «, 0.05 and 0.05/k. Power for Dunnett’ s multiple comparison test will
fall between these two values. All numbers have been rounded to two significant figures. The number of treatments tested (k)
and used to calculate EMS and M SD for a sublethal endpoint will vary depending on the NOEC for survival. k = number of
treatments in Dunnett’ s test; df = degrees of freedom; PMSD = 100 x MSD / (Control Mean); EMS = error mean square; rEMS
= square root of the error mean sguare.
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Table B-15. Valuesof PMSD in Dunnett’s Test in Relation to the Square Root of the
Error Mean Square (rEMS) for the Test

Value of PMSD When
rEMS/ (Control Mean) Equals These Values

Reps k df d 0.1 0.2 0.3 0.4
3 2 4 261 21 43 64 85
4 2 6 2.34 17 33 50 66
5 2 8 2.22 14 28 42 56
6 2 10 215 12 25 37 50
7 2 12 211 11 23 34 45
8 2 14 2.08 10 21 31 42
9 2 16 2.06 10 19 29 39
10 2 18 2.04 9 18 27 37
11 2 20 2.03 9 17 26 35
12 2 22 2.02 8 16 25 33
13 2 24 201 8 16 24 32
14 2 26 2.00 8 15 23 30
15 2 28 1.99 7 15 22 29
3 3 2.56 21 42 63 84
4 3 9 2.37 17 34 50 67
5 3 12 2.29 14 29 43 58
6 3 15 2.24 13 26 39 52
7 3 18 221 12 24 35 47
8 3 21 219 11 22 33 44
9 3 24 217 10 20 31 41
10 3 27 2.16 10 19 29 39
11 3 30 215 9 18 27 37
12 3 33 214 9 17 26 35
13 3 36 213 8 17 25 33
14 3 39 213 8 16 24 32
15 3 42 212 8 15 23 31
3 4 8 2.55 21 42 63 83
4 4 12 241 17 34 51 68
5 4 16 2.34 15 30 44 59
6 4 20 2.30 13 27 40 53
7 4 24 2.28 12 24 37 49
8 4 28 2.26 11 23 34 45
9 4 32 2.25 11 21 32 42
10 4 36 2.24 10 20 30 40
11 4 40 2.23 10 19 29 38
12 4 44 2.22 9 18 27 36
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Table B-15. Valuesof PMSD in Dunnett’s Test in Relation to the Square Root of the

Error Mean Square (rEMS) for the Test

Value of PMSD When
rEMS/ (Control Mean) Equals These Values

Reps k df d 0.1 0.2 0.3 0.4
13 4 48 2.22 9 17 26 35
14 4 52 221 17 25 33
15 4 56 221 8 16 24 32
3 5 10 2.56 21 42 63 84
4 5 15 244 17 35 52 69
5 5 20 2.39 15 30 45 60
6 5 25 2.36 14 27 41 54
7 5 30 2.34 12 25 37 50
8 5 35 2.32 12 23 35 46
9 5 40 231 11 22 33 44
10 5 45 2.30 10 21 31 41
11 5 50 2.29 10 20 29 39
12 5 55 2.29 9 19 28 37
13 5 60 2.28 9 18 27 36
14 5 65 2.28 9 17 26 34
15 5 70 2.28 8 17 25 33

NOTE: The number of treatments tested (k) and used to calculate EMS and M SD for a sublethal endpoint will
vary depending on the NOEC for survival. k = number of treatmentsin Dunnett’ s test; df = degrees of freedom;
d = Dunnett’s statistic (o« = 0.05); PMSD = 100 x MSD / (Control Mean); EMS = error mean square; rEMS =

square root of the error mean square.
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Table B-16. Percentiles of the rEM S/Control Mean, for the Growth or Reproduction
Endpoint of Chronic WET Tests, Using Data Pooled Across All Laboratories
and Toxicants®

Test Method
1000.0 1002.0 1003.0 1004.0 1006.0 1007.0 1009.0
Fathead Cerio- Green |Sheepshead| Inland Mysid Red
Minnow daphnia Alga Minnow | Silverside | (A. bahia) | Macroalga
No. of tests 206 393 85 57 193 130 23
No. of labs 19 33 9 5 16 10 2
Endpoint G R G G G G
Per centile rEM S/Control Mean
25% 0.09 0.17 0.06 0.05 0.09 0.15 0.11
50% 0.12 0.24 0.08 0.08 0.11 0.18 0.18
75% 0.16 0.31 0.10 0.11 0.15 0.23 0.25
80% 0.17 0.32 0.11 0.12 0.16 0.24 0.26
85% 0.18 0.34 0.12 0.13 0.18 0.27 0.27
90% 0.21 0.39 0.13 0.14 0.21 0.29 0.27
95% 0.26 0.44 0.16 0.15 0.26 0.33 0.34

& YEMS = square root of the error mean square

b G= growth, R = reproduction

Table B-17. Number of Replicates Needed to Provide PM SD of 25% and 33% for Some L ess
Precise Testsin Each Chronic Test Method (that is, for 85" and 90" Per centiles
from Table B-17) for the Sublethal Endpointsin Table B-16

Number of Number of
rEMS/ Replicatesto Make | Replicatesto Make
Control Mean PMSD =25 PMSD =33
RequiredNo.| 85" oo For 85" | For 90" | For 85" | For 90"
Test Method of Replicates|Per centile|Per centile|Per centile|Per centile| Per centile| Per centile
1000.0 Fathead Minnow 4(3) 0.18 0.21 6 8(7) 4 5
1002.0 Ceriodaphnia 10 0.34 0.39 19(17) | 24(22) 11 14 (13)
1003.0 Green Alga 4(3) 0.12 0.13 4 4 3 3
1004.0 Sheepshead Minnow 4(3) 0.13 0.14 4 4 3 3
1006.0 Inland Silverside 4(3) 0.18 0.21 6 8(7) 4 5
1007.0 Mysid 8 0.27 0.29 12 (11) | 14(13) 7 9(8)
1009.0 Red Macroaga 4(3) 0.27 0.27 12(11) | 12(11) 7 7

NOTE: The number for k = 3 treatments appears in parentheses if it differs from the number needed when four treatments are
compared with the control; rEMS = sguare root of the error mean square; PM SD = percent minimum significant difference.
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TableB-18. Percentiles of the Within-Laboratory Valuesof CV for NOEC

(using NOEC for the Most Sensitive Endpoint in Each Test)

Method No.

No. Method Labs | P10 | P25 | P50 | P75 | P90
1000.0 |Fathead Minnow Larval Survival & Growth 19 0 0.22 | 031 | 052 | 0.65
1002.0 | Ceriodaphnia Survival & Reproduction 33 | 020 | 025 | 0.35 | 0.49 | 0.60
1003.0 |Green Alga Growth 0.30 | 0.40 | 0.46 | 0.56 | 0.82
1004.0 | Sheepshead Minnow Larval Survival & Growth 0.20 | 0.36 | 0.38 | 0.44 | 0.52
1006.0 |Inland Silverside Larval Survival & Growth 16 | 019 | 0.35 | 046 | 0.59 | 0.66
1007.0 |Mysid Survival, Growth, & Fecundity 10 | 028 | 0.32 | 040 | 050 | 0.60
1009.0 | Red Macroalga Reprod 0.85 | 085 | 1.00 | 1.16 | 1.16
1010.0 |Topsmelt Larval Survival & Growth 022 | 022 | 022 | 022 | 0.22
1012.0 | Pacific Oyster Embryo-Larval Survival & Dev. 045 | 045 | 045 | 045 | 045
1013.0 | Mussd Embryo-Larval Survival & Dev. 0 0 0.39 | 043 | 043
1014.0 |Red Abalone Larval Development 10 | 024 | 025 | 0.29 | 0.31 | 0.38
1016.0 |Sea Urchin Fertilization® 12 | 031 | 040 | 050 | 0.69 | 0.76
1017.0 | Sand Dollar Fertilization® 7 040 | 041 | 053 | 0.75 | 0.81
1018.0 |Giant Kelp Germination & Germ-Tube Length 11 | 033 | 036 | 059 | 068 | 0.72

& These two test speciesinclude previous test method procedures (Dinnel 1987, Chapman 1992).

However, EPA (USEPA 1995) has standardized these two methods to provide further guidance and
therefore minimize within-test variability.
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SAMPLE CALCULATIONS OF PERMIT LIMITS USING EPA’S
STATISTICALLY-BASED METHODOLOGY
AND SAMPLE PERMIT LANGUAGE

The NPDES regulation (40 CFR Part 122.44(d)(1)) implementing section 301 (b)(1)(C) of the CWA
requiresthat permitsinclude limitsfor all pollutantsor parametersthat “are or may be discharged at a level
whichwill cause, havethereasonable potential to cause, or contributeto an excursion aboveany Satewater
guality standard, including State narrative criteria for water quality.” Once it has been established that a
permit limit is needed, Federal regulations at 40 CFR Part 122.45(d) require that limits be expressed as
maximum daily discharge limits (MDL) and average monthly discharge limits (AML) for al dischargers
other than publicly owned treatment works (POTWSs), and as average weekly and average monthly discharge
limits for POTWSs, unless impracticable. EPA does not believe that it is impracticable to express WET
permit limitsasMDLsand AMLSs.

C.1 Sample Calculations

To set MDLsand AMLsbased on acute and chronic wastel oad allocations (WLAS), usethe following
four steps.

1. Convert the acute wastel oad allocation to chronic toxic units.

2. Calculate the long-term average wasteload that will satisfy the acute and chronic wasteload
allocations.

3. Determine the lower (more limiting) of the two long-term averages.

4. Cdculate the maximum daily and average monthly permit limits using the lower (more limiting)
long-term average.

Step 1 - Determine the Wastel oad Allocation

The acute and chronic aguatic life criteria are converted to acute and chronic wasteload allocations
(WLAaor WLAC) for the receiving waters based on the following mass bal ance equation:

QdCd = QeCe + QuCu (Eq l)
where
downstream flow = Q, + Q,

Cy = aqguaticlife criteriathat cannot be exceeded downstream
Q. = effluent flow

C. = concentration of pollutant in effluent = WLAaor WLAC
Q, = upstream flow

C, = upstream background concentration of pollutant.

Rearranging Equation 1 to determinetheeffluent concentration (C,) or thewastel oad alocation (WLA)
resultsin the following:

(Eq.2)
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When amixing zone' is allowed, this equation becomes:

¢ —was SG(Q 7 %MZ)+C,0.U €9, (%MZ)u
€ Q ae Q

(Eq. 2a)

e

[(@N e

where %MZ isthe mixing zone allowabl e by State standards. In thisexample, the State authorized amixing
zone of 50 percent of river volumefor WET. The effluent limits were derived using the State’ s guidelines.
Establishing a mixing zone, however, is a discretionary function of the State. |If the State does not certify
amixing zoneinthe 401 certification process, the effluent limits must be recal cul ated without amixing zone.

Thereisan additiona step for WET. The WLAa needs to be converted from acute toxic units (TUa)
to chronic toxic units (TUc). The acute WLA is converted into an equivalent chronic WLA by multiplying
theacute WLA by an acute-to-chronicratio (ACR). Optimally, thisratioisbased on effluent data. A default
value of 10, however, can be used based on the information presented in Chapter 1 and Appendix A of the
TSD.

WLAac=WLAax ACR, where

ACR = acute-to-chronicratio

For this example, the following information applies:

Cd Qe Qu %MZ Qumixa Qd Cu va
Acute 0.3TUa | 155cfs | 109 cfs 50 54.5cfs 70 cfs 0TU, 0.6
Chronic | 1.0 TUc | 15.5cfs | 170 cfs 50 85cfs | 100.5cfs | OTU, 0.6

& Qumix IS the upstream flow in the mixing zone (Qymix = Q, X %MZ)
b Only 7 valid data points were available, so a default coefficient of variation was used in the calculations.

§03TUa)” (109" 050) +(03" 155)U ¢109” 0° 025y

WET WLAa = & . 1=135TUa
& 155 & 155 4

WET WLAa,c=10" 135TUa =135TUa,c
¢10TUc” (170° 050)+(10” 155)0 170" 0° 0500

WET WLAC = & ( )+ )(,- €170° 0 030u_ geriye
& 155 g & 155

Step 2 - Determine the Long-Term Average (LTA)

The acute WLA is converted to along-term average concentration (L TAa,c) using the following equation:

LTAa,c= WLAa,c’ d°==] (Eq. 3)
where,
02
z
Ccv
Acute multiplier

In(CV2+ 1) = In (0.6 + 1) = 0.307; o = 0.555
2.326 for 99" percentile probability basis

coefficient of variation = standard deviation/mean = 0.6
(05 % 0.307 - (2326 x 0555) — () 321 .

LTAa,c=135TUa,c” 0321=4.33TUa,c

1A mixing zone is an allocated impact zone where water quality criteria can be exceeded if acutely toxic conditions
are prevented. Only the State has the regulatory authority to grant the establishment of a mixing zone.
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The chronic WLA is converted to along-term average concentration (L TAc) using the following equation:

LTAc= WLAC' "=l (Eq. 4)
where,
02 = In(CV3/4 + 1) = In(0.6%4+1) 0.086; o = 0.294
z = 2.326 for 99" percentile probability basis
CV = coefficient of variation = standard deviation/mean = 0.6

Chronic multiplier = g05x0086-2326x024) — 542

LTAc=65TUc” 0542 = 343TUc

Step 3 - Determine the More Limiting Long-Term Average

To protect awaterbody from both acute and chronic effects, the more limiting of the calculated LTAa
and LTAc isused to derive the effluent limits. The TSD recommends using the 95" percentile for the AML
and the 99" percentile for the MDL. Asshown above, the LTAc value was less than the LTAavalue.
Step 4 - Determine the Permit Limits

The MDL and the AML are calculated as follows.

MDL = LTAc" &= =] (Eq.5)
where,
02 = In(CV2+1)=0.307; 0 =0.555
z = 2.326 for 99" percentile probability basis
CV = coefficient of variation = 0.6
_ , zs—0.552]
AML = LTAC" € (Eq. 6)
where,
02 = In(CV%n+1)=0.086; c =0.294
z = 1.645 for 95" percentile probability basis
CV = coefficient of variation = 0.6
n = number of sampling events required per month for WET =1
n = 4for caculations®

The following table lists the effluent limits for this example:

e[Zcr-0.502] e[zcr- 0.50%
Parameter CVv LTA, (for MDL) (for AML) MDL AML
WET 0.6 343 311 213 10.7TU, | 7.3TU,

2 When the sample frequency is monthly or less than monthly, the TSD recommends that “n” be set equal to 4.
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C.2 Sample Chronic Toxicity Permit Language

Sample chronic toxicity permit language is provided in the following paragraphs. Alternativewording, as
appropriate for a specific permit, is provided in redline typeface for the regulatory authority to decide.

The permittee shall conduct monthly/quarterly/semi-annual/annual toxicity tests on grab/24-hour
composite effluent samples. Samples shall be taken at the NPDES sampling location. In addition, a
split of each sample collected must be analyzed for the chemical and physical parametersrequiredin
Part 1.A below. When the timing of sample collection coincides with timing of the sampling required
in Part |.A, analysis of the split sample will fulfill the requirements of Part |.A. aswell.

1. Test Speciesand Methods
NOTE: CHOOSE EITHER FRESHWATER OR MARINE LANGUAGE

Freshwater

a. The permittee shall conduct short-term tests with the cladoceran, water flea, Ceriodaphnia dubia
(survival and reproduction test), the fathead minnow, Pimephales promelas (larval survival and
growth test), and the green alga, Selanastrum capricor nutum (growth test) for the first three suites
of tests. After this screening period, monitoring shall be conducted using the most sensitive
Species.

b. Every year, the permittee shall re-screen once with the three specieslisted above and continue to
monitor with themost sensitive species. Re-screening shall be conducted at adifferent time of year
from the previous year's re-screening. Note to permit writers: If testing is annual or less than
annual, omit this step.

c. Thepresenceof chronictoxicity shall beestimated asspecifiedin EPA’ smethods (USEPA 1994b).

Marine and Estuarine

a.  The permittee shall conduct tests as follows with avertebrate, an invertebrate, and a plant for the
first three suites of tests. After the screening period, monitoring shall be conducted using the most
sensitive species.

b. Every year, the permittee shall re-screen once with the three species listed above and continue to

monitor with themost sensitive species. Re-screening shall be conducted at adifferent time of year
from the previousyear’ sre-screening. Noteto permit writers: If testing isannual or less, omit this

step.
For West Coast only:

c. Thepresenceof chronictoxicity shall beestimated as specified using West Coast marineorganisms
according to EPA’s methods (USEPA 1995).

or
For East Coast only:

c. Thepresenceof chronictoxicity shall be estimated as specified using East Coast marine organisms
according to EPA’ s methods (USEPA 1994c).
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2. Toxicity Limits/Toxicity Monitoring Trigger

a. Chronic toxicity measures asublethal effect (e.g., reduced growth, reproduction) to experimental
test organisms exposed to an effluent or ambient waters compared to that of the control organisms.
When apermit limit is appropriate, the chronic toxicity limitation iswritten based on State Water
Quality Standards. If apermit limit isnot appropriate, then this section should be called “ Toxicity
Monitoring Trigger.”

b. Resultsshall bereportedin TUc, where TUc = 100/NOEC or 100/I Cp or ECp (in percent effluent).
The no observed effect concentration (NOEC) is the highest concentration of toxicant to which
organisms are exposed in a chronic test that causes no observable adverse effect on the test
organisms (e.g., the highest concentration of toxicant to which the values for the observed
responses are not satistically significantly different from the controls). The inhibition
concentration, I1C, is a point estimate of the toxicant concentration that causes a given percent
reduction (p) in anon-quantal biological measurement (e.g., reproduction or growth) calculated
from a continuous model (the EPA Interpolation Method). The effective concentration, EC, isa
point estimate of the toxicant concentration that would cause a given percent reduction (p) in
quantal biological measurement (e.g., larval development, survival) calculated from a continuous
model (e.g., Probit).

3. Quality Assurance

a A seriesof at least fivedilutionsand acontrol will betested. The seriesshall include the instream
waste concentration (IWC) (permit writer should insert the actual value of the IWC), two dilutions
abovethe IWC, and two dilutions below the IWC. The WC isthe concentration of effluent at the
edge of themixing zone. |If thereisno mixing zone, then the dilution serieswould be thefollowing
concentrations. 12.5, 25, 50, 75, and 100 percent effluent.

b. If organisms are not cultured in-house, concurrent testing with a reference toxicant shall be
conducted. Whereorganismsareculturedin-house, monthly referencetoxicant testingissufficient.
Reference toxicant tests also shall be conducted using the same test conditions as the effluent
toxicity tests (e.g., same test duration, €tc).

c. If either thereferencetoxicant test or effluent test doesnot meet all test acceptability criteria(TAC)
as specified in the manual, then the permittee must re-sample and re-test within 14 days or as soon
as possible.

d. Thereference toxicant and effluent tests must meet the upper and lower bounds on test sensitivity
as determined by calculating the percent minimum significant difference (PMSD) for each test
result. The test sensitivity bound is specified for each test method (see variability document
EPA/833-R-00-003, Table 3-6). There are five possible outcomes based on the PMSD result:

1. Unqualified Pass-The test’s PMSD is within bounds and there is no significant difference
between the means for the control and the IWC treatment. The regulatory authority would
conclude that there is no toxicity at the IWWC concentration.

2. Unqualified Fail-Thetest's PMSD is larger than the lower bound (but not greater than the
upper bound) in Table 3-6 and there is a significant difference between the means for the
control and the IWC treatment. The regulatory authority would conclude that thereistoxicity
at the IWC concentration.

3. LacksTest Sensitivity—The test’'s PMSD exceeds the upper bound in Table 3-6 and thereis
no significant difference between the means for the control and the IWC treatment. The test
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e.

is considered invalid. An effluent sample must be collected and another toxicity test must be
conducted. The permittee must re-sample and retest within fourteen (14) days or as soon as
possible.

4. LacksTest Sensitivity—The test’s PMSD exceeds the upper bound in Table 3-6 and thereis
asignificant difference between the meansfor the control and the IWC treatment. Thetestis
considered valid. The regulatory authority will conclude that the is toxicity at the IWC
concentration.

5. Very Small but Significant Difference-The relative difference (see Section 6.4.2, below)
between the means for the control and the IWC treatment is smaller than the lower bound in
Table 3-6 and this difference is statistically significant. Thetest isacceptable. The NOEC is
determined as described in Sections 6.4.2 and 6.4.3 (below).

Control and dilution water should be receiving water or laboratory water, as appropriate, as
described in the manual. If the dilution water used is different from the culture water, a second
control using culture water shall be used.

4. Preparing the Initial Investigation of the TRE Workplan

The permittee shall submit to EPA a copy of the permittee'sinitial investigation Toxicity Reduction
Evauation (TRE) workplan (1-2 pages) within 90 days of the effective date of this permit. Thisplan
shall describe the steps the permittee intends to follow if toxicity is detected, and should include, at
least the following items:

a

b.

A description of theinvestigation and eval uation techni questhat woul d be used to i dentify potential
causes and sources of toxicity, effluent variability, and treatment system efficiency.

A description of the facility’s methods of maximizing in-house treatment efficiency and good
housekeeping practices.

If atoxicity identification evaluation (TIE) is necessary, an indication of the person who would
conduct the TIES (i.e., an in-house expert or an outside contractor).

5. Accelerated Testing

a

If theinitial investigation indicates the source of toxicity (for instance, atemporary plant upset),
then only one additional test isnecessary. If toxicity isdetected in thistest as specified in Section
2a, then Section 6 shall apply.

If chronic toxicity/the chronic toxicity monitoring requirements as defined in Section 2a are
triggered, then the permittee shall conduct six more tests, approximately every two weeks, over a
twelve-week period. Testing shall commence within two weeks of receipt of the sample results of
the exceedance of the WET monitoring trigger.

If none of the six tests indicate toxicity as specified in Section 2a, then the permittee may return
to the normal testing frequency.

6. Toxicity Reduction Evaluation (TRE) and Toxicity Identification Evaluation (TIE)

a

If chronic toxicity (defined as either the toxicity permit limit or monitoring trigger specified in
Section 2a) is detected in any of the six additional tests, then, in accordance with the facility’s
initial investigation according to the TRE workplan, the permittee shall initiate a TRE within
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fifteen (15) daysof the exceedanceto reduce the cause(s) of toxicity. At aminimum, the permittee
shall use EPA manuals EPA/600/2-88/070 (industrial) or EPA/833B-99/002 (municipal) as
guidance. The permittee will expeditiously develop a more detailed TRE workplan, which
includes:

(1) Further actionsto investigate and identify the cause of toxicity

(2) Actions the permittee will take to mitigate the impact of the discharge and prevent the
recurrence of toxicity

(3) A schedule for these actions

b. Thepermitteemay initiateaTIE aspart of the TRE processto identify the cause(s) of toxicity. The
permittee shall usethe EPA acute and chronic manuals, EPA/600/6-91/005F (Phase | )/EPA/600/R-
96-054 (for marine), EPA/600/R-92/080 (Phasel 1), and EPA-600/R-92/081 (Phasel I 1) asguidance.

7. Reporting

a. The permittee shall submit the results of the toxicity tests, including any accelerated testing
conducted during the month, in TUs with the discharge monitoring reports (DMR) for the month
in which the test is conducted. If an initial investigation indicates the source of toxicity and
accel erated testing is unnecessary, pursuant to Section 5, then those results al so shall be submitted
with the DMR for the quarter in which the investigation occurred.

b. Thefull report shall be submitted by the end of the month in which the DMR is submitted.

c. Thefull report shall consist of (1) the results; (2) the dates of sample collection and initiation of
each toxicity test; (3) the monthly average limit or trigger and daily maximum limit or trigger as
described in Section 2a.

d. Test results for chronic tests also shall be reported according to the chronic manual chapter on
Report Preparation and shall be attached to the DMR.

e. The permittee shal notify EPA in writing 15 days after the receipt of the results of a monitoring
limit or trigger. The notification will describe actions the permittee has taken or will take to
investigate and correct the cause(s) of toxicity. It may also include a status report on any actions
required by the permit, with a schedule for actions not yet completed. If no actions have been
taken, the reasons shall be given.

8. Reopener
a. Thispermit may be modified in accordance with the requirements set forth at 40 CFR Parts 122

and 124 to include appropriate conditions or limitsto address demonstrated effluent toxicity based
on newly available information.
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FREQUENTLY ASKED QUESTIONS (FAQS)

Appendix D contains some of the frequently asked questionsregarding WET and WET testing. These
guestions and answers were prepared by and appear on a web site maintained by the Society of
Environmental Toxicology and Chemistry (SETAC) (http://www.setac.org). The SETAC WET Expert
Advisory Panels provide scientific opinion and training on WET technical issues under a cooperative
agreement with EPA (WET Cooperative Agreement No. CX 824845-01-0). EPA’s inclusion of these
guestions and answers in this document is not an endorsement of the Panels’ opinions or responses to the
FAQs, but rather provides readers with an additional source of information in issues commonly raised with
regard to WET and WET testing. This information was prepared in response to questions received by
SETAC about WET. It wasgenerated by the WET Expert Advisory Panels(EAP) Steering Committee (SC),
al volunteers and al member of the Society of Environmental Toxicology and Chemistry. Each personis
considered an expert in some aspect of WET, and the information provide in these FAQs represents the
consensus of the Committee’ s collective expertise at the time this summary was written (Feb., 1999).

Thisinformationisintended to stimulatefurther discussion about WET, WET-rel ated research, and the
science underlying WET. The information is not to be construed as representing an official position of
SETAC, the SETAC Foundation for Environmental Education, or theU.S. Environmental Protection Agency.
Any questions, comments, and requests should be sent to: Society of Environmental Toxicology and
Chemistry (SETAC), 1010 North 12" Avenue, Pensacola, FL 32501-3367, Telephone.  850-469-1500,
Facsimile: 850-469-9778, e-mail: setac@setac.org. All materials copyright Society of Environmental
Toxicology and Chemistry (SETAC), 2000, and may not be used without written permission.*?

Whole effluent toxicity tests rely on the assumption that test organisms used are
representative of anormal and healthy population. What indicators of test organism health
are utilized in testing programs?

Both subjective and objective (e.g., test acceptability criteria) indicators of organism health are
available, some described within the methods manuals. Some nationa indicators exist which alow
comparison of analytical resultsbetweenlaboratories(i.e., the DMRQA programfor major NPDESfacilities)
or regional activities such as State WET certification programswhich provide round-robin validation of test
practice including organism health (e.g., North Carolina’ s Biological Laboratory Certification program).
Other national programs like the National Environmental Laboratory Accreditation Program (NELAP) are
being followed by the WET EAP SC. Commonly used indicators of organism health are the required
referencetoxicity analyses and individual test acceptability criteria. Tests properly utilizing randomization
proceduresal ong with required and suggested quality control standardsretain many built-in checksof typical
organism response.

What are the definitions of acceptability criteria for reference toxicant tests?

Reference toxicant tests should meet the same test acceptability criteria as those of compliance test.
With regard to assessment of organism health and the overall test practice, USEPA has recommended that
routinereferencetoxicant testsbe performedto establishaCUSUM or cumul ative summation chart of testing
results. Normal resultsshould liewithin plusor minustwo standard deviations of the cumul ative mean value

! Reprinted with permission of SETAC.

Note that the terms, abbreviations, and acronyms used in this appendix may differ from their usage throughout the
rest of this document. EPA consciously chose not to edit this SETAC-supplied information so that the actual
nomenclature and terminology as used by SETAC on their web site would be reflected here.
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of point estimate endpoints. Values falling outside of those ranges should result in careful scrutiny of the
data and testing systems. Data produced during these “out of control” conditions should be considered
suspect.

How does increasing the difference in test concentration dilutions affect the prediction of
response?

Better resolution around threshold effect concentrations provide better input to mathematical models
to predict point estimations of effect and reduce uncertainty in hypothesis tests of effect. Reducing the
distance between effluent dilutions should be encouraged. There may be some confusion about USEPA’s
specification of dilution seriesinthese cases. The methods specify aminimum set of dilutions, i.e., nowider
than 0.5 dilution between concentrations. No limitations on added concentrations within that range exist.
Experimental design should account for concentrationsof concernand should attempt to maximizeresolution
inthat range. Test design should maximize test concentrations around the effect concentration of concern,
i.e., theinstream waste concentration or limited concentration of adischarging facility, in order to minimize
the need for interpolation of effects between tested concentrations.

What are the different types of variability in whole effluent toxicity tests?

Variability isinherent in any analytical procedure. The precision of amethod describes the closeness
of agreement between test results obtained from repeated testing of aprescribed method. WET test precision
can becategorized by: 1) intratest (within-test) variability, 2) intralaboratory (within-laboratory) variability,
and 3) interlaboratory (between-laboratory) variability. Intratest variability can be attributed to variables
such as the number of treatment replicates, the number of test organisms exposed per replicate, and the
sensitivity differences between individual organisms(i.e., genetic variability). Intralaboratory variability is
that whichismeasured whentestsare conducted under reasonably constant conditionsinthe samelaboratory
(e.g., referencetoxicant or effluent sampletested over time). Sources of intralaboratory variability include
those factors described for intratest variability, as well as differences: 1) in test conditions (e.g., seasonal
differences in dilution water quality, differences in environmental conditions), 2) from test to test in
organism condition/health, and 3) inanalyst performancefromtest totest. Interlaboratory variability reflects
the degree of precision that is measured when the same sampl e or reference toxicant isanalyzed by multiple
laboratories using the same methods. Variability measured between laboratories is a consequence of
variability associated with bothintratest andintral aboratory variability factors, aswell asdifferencesallowed
within thetest methodsthemselves (e.g., source of dilution water), technician training programs, sampleand
organism culturing/shipping effects, testing protocols, food quality, and testing facilities.

Twogeneral categoriesof variability areof greatest concern: 1) analyst experience, and 2) test organism
condition/health. The experience and qualifications of the analyst who actually performs the toxicity test
inthelaboratory will dictate how well the culture and test methods are foll owed and the extent to which good
judgment is exercised when difficulties/issues arisein the process of conducting thetest, analyzing the data,
andinterpreting theresults. Improper utilization of WET methods can haveasubstantial impact on test result
variability. Guidancefor specifictest conditionsand standard methodsto control many causes of variability
arefoundinthe USEPA (U.S. Environmental Protection Agency) methods manuals (USEPA 1993, USEPA
1994a, USEPA 1994b, USEPA 1995). Strict adherence to these methods can greatly reduce variability.

USEPA. 1993. Methods for measuring the acute toxicity of effluents and receiving waters to freshwater and marine
organisms. 4th ed. Weber C.1., editor. Cincinnati: U.S. Environmental Protection Agency (USEPA) Office of Research
and Development. EPA/600/4-90/027F. 293 p.

USEPA.. 1994a. Short-term methods for estimating the chronic toxicity of effluents and receiving watersto marine and
estuarine organisms. 2nd ed. Klemm, D.J., Morrison, G.E., Norberg-King, T.J., Peltier, W.H. and Heber, M.A., editors.
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Cincinnati: U.S. Environmental Protection Agency (USEPA) Office of Research and Devel opment. EPA/600/4-91/003.
341 p.

USEPA.. 1994b. Short-term methods for estimating the chronic toxicity of effluentsand receiving watersto freshwater
organisms. 3rd ed. Lewis, P.A., Klemm, D.J,, Lazorchak, J.M., Norberg-King, T.J., Peltier, W.H. and Heber, M.A.,
editors. Cincinnati: U.S. Environmental Protection Agency (USEPA) Office of Research and Devel opment. EPA/600/4-
91/002. 341 p.

USEPA. 1995. Short-term methods for estimating the chronic toxicity of effluents and receiving waters to west coast
marineand estuarineorganisms. Chapman, G.A., Denton, D.I., Lazorchak, J.M., editors. Cincinnati: U.S. Environmental
Protection Agency (USEPA) Office of Research and Development. EPA/600/R-95-136. 661 p.

What specific factors influence WET test variability?

There are a number of factors that can meaningfully influence the variability of test results. These
factors include, but are not limited to, those listed below.

Sample Characteristics

The nature of the sample collected can have asignificant influence on the outcome of aWET test. Care
must be exercised to collect the most representative sample possible during the time frame of interest.
Sample volume can influence the outcome of atoxicity test. For example, if the sample-to-container-wall
ratio is small, or if the sample-container contact time is especially long before the sample is refrigerated;
certain particulate-active constituents such as zinc (Chapter 5in Grothe et al. 1996), polymeric substances,
charged materials, or hydrophobic chemicalsin asample can interact with the container. Samplestoo small
in volume may also increase the potential of collecting a non-representative fraction of a non-homogenous
sample stream. The type of sample (i.e., grab or composite) may influence the outcome of a WET test and
contributetovariability. Grab samplesmay hit or misstoxicity spikesthuspossibly increasing thevariability
between samplestaken at different timesat the sameoutfall. Composite sampleswill average concentrations
over the entire collection period, possibly smoothing peaks and valleys of toxicity in variable water media.
The various USEPA method manuals review the importance of using appropriate sample typesfor different
types of effluents. Storage and handling can affect the toxicity and variability of samples. The general
assumption is that the toxicity of a sampleis most likely to decrease with holding time due to factors such
as biodegradation, hydrolysis, and adsorption. Thesefactorsare minimized by “cold” storage and shipment
oniceaswell astest initiation within the specified USEPA guidelines. Water sasmplesfor WET testing may
be manipulated in avariety of waysto comply with special requirementsor circumstances. Thisapplies, for
example, when freshwater effluents are discharged to a saline receiving stream and marine or estuarine
organisms are used for testing. Care must be taken, in this case, that ionic strength and composition are
within levelstolerated by the specific test organisms or results may not be representative of actual toxicity
or comparable between labs.

Abiotic Conditions

Abiotic conditions can strongly influence the variability of WET test results. For that reason, most of
the abiotic conditions that should be standardized during WET testing (DO, light, hardness, alkalinity, etc.)
are specified in protocols contained in the USEPA methods manuals. While these factors may not be
problematic sources of variability within tests, they may be of major concern across tests (both within and
among laboratories). Very small ranges of temperaturesare specified for WET testing. Test solutionpH can
influence the bioavailability and toxicity of chemical constituents, such as some metals (e.g., Cu, Zn) and
ammonia. Careful use of dilution waters, salinity adjustments, aeration, feeding, and other factors causing
shiftsin pH will help to reduce variability.
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Exposure

In WET testing, we seek abalance between realistically mimicking exposure scenarios and evaluating
effluents with sufficient testing while controlling testing costs. Variability in test results can be greatly
influenced by the method of exposure chosen (i.e., static, static renewal, and flow-through). For example,
tests of sampleswith nonpersistent toxicants or with chamberswith high loading rates will beinfluenced to
agreater degree using a static design rather than a flow-through design. Asthe number of variableswhich
influence test results increases, overall test variability increases unless those variables are controlled.
However, flow-through tests are much more costly than static tests. The number of concentrations and
dilution series may influence variability of the test results. Point estimate models will more precisely
estimatethe statistical endpoint if thetest concentrationsare near the actual L Cx (concentration that islethal
to x percent of organisms), ECx (concentration that affects x percent of organisms), or ICx (concentration
that inhibitsresponse by x percent). In contrast, asthe NOEC approachesthe concentration at which effects
begin to be observed (i.e., LOEC), estimates may show greater variation. Many NPDES permitsinclude a
test dilution that is consistent with the Instream Waste Concentration (IWC) based upon dilution in the
receiving system. The minimum number of tested dilutions recommended can be increased, particularly in
the range of expected effects (if known), in order to improve resolution of the acute or chronic endpoint.
Costs of increased dilutions testing are incremental to the cost of a typical test, but such testing is cost
effective in cases where small changes in organism responses may affect compliance.

TheWET endpointisafunction of test duration, in most cases (percent mortality after aperiod of time,
for example). Test duration can be afunction of the endpoint that isto be assessed. In at |east one situation,
the C. dubia survival and reproduction test, exposure duration is governed by the amount of time needed for
60 percent of the contral organismsto produce athird brood (up to 8 days), at which timethetest isrepeated
if the contral performanceis not acceptable (USEPA 1994b). Thetiming for test termination can therefore
vary between 6 and 8 days. Thisintroduces the possibility of intertest variability in terms of both number
of young produced and test sensitivity due to exposure duration. The cost of reducing test duration
variability is small; the corresponding reduction in test results variability could, however, be significant.

Sample Toxicity

Theexposure-responserel ationship can beaffected by the sensitivity of thetest speciestotheindividual
and combined chemicals of asample aswell asthe concentrations of those chemicalsin that sample. Testing
of samples which exhibit high slopesin their concentration-response curves at the test statistical endpoint
(LCx, ECx, and ICx) tends to provide less variable (intratest and inter-test) results than tests of samples
exhibiting low slopes in their concentration-response curves. The sensitivity of different species to any
singlechemical or mixture of chemicalscan aso bequitedifferent, even when all variablesare held constant.
For exampl e, rainbow trout are approximately an order of magnitude moreacutely sensitiveto cadmiumthan
daphnids (USEPA 1985a) whiledaphnidsare approximately 2.5timesmoreacutely sensitiveto chlorinethan
rainbow trout (USEPA 1985b). Herbicides (e.g., atrazing) are more acutely toxic to plants than fish
(Solomon et al. 1996). This is why vertebrates, invertebrates, and plants are recommended for testing
effluentsin the NPDES program.

Food

Food quality can vary inanumber of ways. Organismswhosedietsvary in nutritional quality and size,
before and during testing, may respond differently to the same sample under identical test conditions. For
example, brine shrimp nauplli that are less than 24 hours old are required in al tests using these organisms
as food to maintain the nutritional quality of the nauplii and to keep their size at the optimum for
consumption by test organisms. TheYCT and algal diet for C. dubia should contain specific concentrations
of solidsand algal cellsasoutlined inthemanual. Thequantity of food avail able can affect dissolved oxygen
and pH levels within a test chamber and act as a substrate for the absorption and adsorption of toxic
chemicals from the tested sample, thus reducing bioavailability.

Appendix D-6 June 30, 2000



Understanding and Accounting for Method Variability in WET Applications Under the NPDES Program

Dilution Water

Optimally, the dilution water should replicate the quality of the receiving water. However, if the
objective of the test is to estimate the absolute toxicity of the sample (effluent), which is the primary
objective of NPDES permit-related toxicity testing, then a synthetic (standard) dilution water is used
(USEPA 1993, USEPA 1994a, USEPA 1994b). If the objectiveisto estimate the toxicity of the samplein
uncontaminated receiving water, then the test may be conducted using non-toxic receiving water. Dilution
water quality can affect the toxicity of effluent, surface water, and stormwater dilutions by modifying the
biocavailability of toxic chemicalsin the sample. In addition, parameters such as TDS (hardness, salinity,
conductivity), turbidity, DO, pH, micronutrients, and bacteria counts can impact test organism physiology,
sensitivity, and biological response. Therefore, test variability at all levels can be affected by variability in
dilution water quality. Synthetic dilution water quality can also vary with the age of the prepared water in
relation to the exposure of test organisms and with the source and quality of the base water.

Organism History and Handling

Perhaps one of the most important considerations in controlling WET variability is an organism’s
pretest history of health and maintenance, which consistsof four factors: collection, culture, acclimation, and
handling specificto thetest. Organism history can be evaluated through charting performance of l1aboratory
controls with a reference toxicant over time. All practica attempts should be made to avoid use of field-
collected animalsfor WET testing. The most common sources of test organismsfor WET testsarein-house
culturesand/or organism suppliers. Organismsto betested, whether field-collected or cultured, may require
acclimation to test conditions. Variation in acclimation practices between tests can result in the use of
organisms of varying sensitivity between tests. The importance of analyst technique is most pronounced
when the analyst handles organisms before and during the test.

Randomization

Resultswill bevariablein all analytical techniques, not just WET, despite all effortsto eliminate and
reduce sources of variability. The randomization approach used to assign test replicates within anincubator
or water bath and the approach used to assign test organisms to test replicates are attempts to evenly
distribute this variability within the testing environment and between organisms. All test methods include
procedures for randomization which must be followed.

Organism Numbers

The number of organisms exposed in atoxicity test has a direct and calculable bearing on the ability
of that test to detect and estimate effects resulting from that exposure. Generally, as the total number of
organismsincreasesin atest, the ability to detect effects (i.e., statistical power in ahypothesistest) and the
certainty in point estimatesincreases. Differencesin number of organisms per replicate and treatment can
be dueto theloss of individuals or replicates through analyst errors or to the death or lack of response of all
organismsin one or morereplicates. Theformer reduces power or effect-estimate certainty (point estimate
confidence intervals) by reducing sample size. Thelatter may reduce power or effect-estimate certainty by
increasing variation in response relative to other replicates and treatments. Intra- and interlaboratory
variability can include the factors discussed above, as well as possible differences in study design (total
number of organisms and total number of replicates).

Organism Age and Quality

The recommended ages of test organisms for established protocols have two general considerations:
(1) relative physical sensitivity of different life stages to the test conditions, independent of the challenges
of atoxicant and, (2) relative sensitivity of different life stagesto toxic constituents. Y oung organisms are
often considered more sensitiveto toxic and physical stressorsthan their older counterparts. For thisreason,
the use of early life stages, such asfirst instars of daphnids and juvenile mysids and fish, is recommended
for al tests.
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The effects of organism age on WET variability are potentially greatest between tests and between
laboratories where age differences may be greater. Asexamples, al C. dubia used in a reproduction test
must be within 8 hours of age but can be up to 24 h old; and fathead minnow larvae used in the growth test
must be within 24 hours of age in asingle test but could range between 1 to 2 days depending on whether
the organisms are cultured in-house or shipped from an off-site culture facility. In the acute tests with
fathead and sheepshead minnows, the age difference between tests can range from <24 hto 14 d.

Grothe, D. R, K. L. Dickson, and D. K. Reed-Judkins, eds.1996. Whole Effluent Toxicity Testing: An Evaluation of
Methods and Prediction of Receiving System Impacts, SETAC Press, Pensacola, FL, USA. 340 p.

Solomon, K.R., D.B. Baker, R.P. Richards, K.R. Dixon, S.J. Klaine, T.W. LaPoint, R.J. Kendall, JM. Giddings, J.P.
Giesy,L.W.Hall, Jr.andW.M. Williams. 1996. Ecol ogi cal risk assessment of atrazinein North Americasurfacewaters.
Environ. Toxicol. Chem. 15:31-76.USEPA. 1985a. Ambient water quality criteriafor cadmium - 1984. EPA 440/5-84-
032. Office of Regulations and Standards, Washington, DC.

USEPA. 1985h. Ambient water quality criteria for chlorine - 1984. EPA 440/5-84-030. Office of Regulations and
Standards, Washington, DC.

USEPA. 1993. Methods for measuring the acute toxicity of effluents and receiving waters to freshwater and marine
organisms. 4th ed. Weber C.1., editor. Cincinnati: U.S. Environmental Protection Agency (USEPA) Office of Research
and Development. EPA/600/4-90/027F. 293 p.

USEPA.. 1994a. Short-term methodsfor estimating the chronic toxicity of effluents and receiving watersto marine and
estuarine organisms. 2nd ed. Klemm, D.J., Morrison, G.E., Norberg-King, T.J., Peltier, W.H. and Heber, M.A ., editors.
Cincinnati: U.S. Environmental Protection Agency (USEPA) Office of Research and Devel opment. EPA/600/4-91/003.
341 p.

USEPA. 1994b. Short-term methods for estimating the chronic toxicity of effluentsand receiving watersto freshwater
organisms. 3rd ed. Lewis, P.A., Klemm, D.J., Lazorchak, J.M., Norberg-King, T.J., Peltier, W.H. and Heber, M.A.,
editors. Cincinnati: U.S. Environmental Protection Agency (USEPA) Office of Research and Devel opment. EPA/600/4-
91/002. 341 p.

How can WET variability be quantified?

Intratest Variability

Intratest variability isthe variability of the responses (survival, growth, or reproduction), both among
and between concentrations of the test material for a given test. Hypothesis test intratest variability is
derived for anindividual test by pooling the variability at each concentration including the control to obtain
an estimate of the random error for the test. The intratest variability is used to determine the amount of
difference from the control that can be detected statistically. When adjusted for the control mean, the
minimum significant difference (M SD) representsthe amount of difference expressed as a percentage of the
control response (MSD%). Intratest variability for the point estimate approach is also represented by an
estimate of the random error for the test, the mean square error (MSE). The M SE is one component in the
calculation of confidence intervals for a point estimate, thus the width of a 95 percent confidence interval
provides an indication of the magnitude of the intratest variability.

The intratest variability is the foremost single measure used to indicate the statistical sensitivity of a
WET test analyzed with the hypothesistest approach. Statistical sensitivity, inthis case, equatesto atest’s
ability to distinguish a difference between an exposure concentration and the control. Controlling or
reducing the amount of variability within a single test will increase the power of the test and therefore the
ability of thetest to detect responsesthat differ from the control response (decrease M SD). Increased power
will also increase certainty in the determination of a difference from controls, which is important to
regulators and the regulated community. However, minimal variability in al treatments of atest may lead
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tosuch high statistical power that detected differencesmay not bebiologically significant. Suchtestsshould
be interpreted with caution. Although there is no specific guidance from the USEPA on statistical versus
biological significance, various States and USEPA Regions have developed some guidelines (e.g., see
SETAC FAQ on addressing variability). Close attention to the factors described under the FAQ on factors
affecting variability will tend to decrease heterogeneity among replicates and decrease intratest variability.
In addition, increasing the number of replicates will also lead to an increase in the sensitivity of the test by
decreasing the MSD.

Intratest variability isalso important in representing the uncertainty associated with point estimates of
toxicity. As the 95 percent confidence intervals of the point estimate increases, the uncertainty in that
estimate of the statistical endpoint increases. The confidence intervals for chronic endpoints are directly
influenced by the variability of response between replicates in each treatment and the model used to
interpolatethe point estimate. Theconfidenceinterval sfor acutetest resultsusing apoint estimate approach,
however, are not influenced by variability between replicates but by the characteristics of the dose-response
relationship. As discussed before, the certainty in point estimatesis also a function of the dilutions tested
and their proximity to the actual statistical endpoint being calculated. One will get a better estimate of the
L C50 (tighter confidenceintervals) if dilutions aretested near the concentration which actually resultsin 50
percent mortality.

Evaluation of anumber of existing data sets by members of the Pellston workgroup (Sessions 3 and 4)
(Grothe, et al, 1996) seemed to indicate that, for most WET test methods, MSDs of <40 percent were
achievable. MSD’ sfor most methods examined ranged from 18 percent to 40 percent. The consensusof the
workgroup is that an additional study is necessary to determine the acceptable level of intratest variability
for each USEPA recommended toxicity method, although some participants proposed that sufficient data
existsto select MSD criteria. Inthe proposed study, datawould be used to establish variability limitsfrom
laboratoriesthat document dataquality and adhereto USEPA method guidelines. Study datafrom each assay
evaluation would include expected CVs, MSD, MSD%, MSE, and American Society for Testing and
Materials(ASTM, 1992) “h” and “k” statistics. The“h” statistic representsameasure of the reproducibility
between |aboratories while the “k” statistic represents the repeatability within laboratories. Distributions
of these valueswould be examined to determine criterion levelsfor intratest variability, and probabilities of
laboratories exceeding the criterion levels would be calculated. The direct advantages of an acceptability
criterionfor intratest variability are 1) establishing aminimum protection level, 2) setting the power of atest
to detect a toxic sample for each method, and 3) decreasing intra- and interlaboratory variability.
Acceptability criteria will also allow users of WET data to better evaluate test acceptability, laboratory
performance, and program effectiveness.

Intertest and Interlaboratory Variability

The scientific community familiar with analytical procedures, not just WET, recognizes that tests
performed on presumably identical materialsin presumably identical circumstances do not typically yield
identical results. Anindication of atest method’ s consistency isitsrepeatability anditsreproducibility with
repeatability defined as the variability between independent test results obtained from the same laboratory
in a short period of time and reproducibility defined as the variability between test results obtained from
different laboratories.

Several measures of repeatability and reproducibility have been proposed. The simplest of theseisthe
intra- and interlaboratory CV (standard deviation (s) of repeated test results, divided by the mean (m) of the
repeated test results, multiplied by 100 (CV = (gm) x 100). The intralaboratory CV is generated by test
results from repeated tests performed in the same laboratory, while the interlaboratory CV isabtained from
test results from several different laboratories. The use of the CV removes from consideration the units of
the measurement and allowsthe analyst to compare variability of different types of test methods (i.e., WET
tests with analytical chemistry tests). It also allows analysts to compare tests that use different scales of
measurement.
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However, CVsalone cannot be used as diagnostic toolsto help identify unusual test values or outliers.
Sincethe CV isafunction of the standard deviation of aset of test results, the measure suffersfrom the same
problems associated with standard deviations, and there is no common agreement on what is an acceptable
standard deviation. For instance, the range of test valuesis an easier descriptive statistic to understand. In
addition, thevalue of the standard deviationisaffected by extremevaluesin the dataset; singlelarge or small
test values inflate the standard deviation. The CV aso ignores the 95 percent confidence intervals
(uncertainty) associated with each point estimate and can only be calculated for point estimates. CVsare
not appropriate for hypothesis test endpoint comparisons since the effect levels are fixed by the choice of
test concentrations.

Quality Management Considerations. Referencetoxicant testsaretypically used to monitor alaboratory’s
performance. Charting theperformance of alaboratory’ scontrolsrelativetoitsreferencetoxicant test results
isagood way to track thelaboratory’ s performance and to identify when the laboratory’ s performanceis not
acceptable. The width of acontrol chart’slimitsis an indication of alaboratory’s capability to reproduce
the desired endpoints of a reference toxicant test. However, control chart limits are a function of the
reference toxicant, test species, test type (acute or chronic) and biological endpoint (survival, growth, etc.).
These factors must be considered before drawing conclusions regarding laboratory performance.
Performance on reference toxicant tests as recorded by control charts should be a criterion that is used by
permittees in selecting which laboratories to use for WET tests.

Laboratories with very wide control limits, and/or many points outside of the control limits, should
investigate problems related to the quality of the data being produced. Laboratories should monitor at a
minimum, using control charts, thecal culated endpointsfor eachtest type/speciescombination. Laboratories
can also monitor the control treatment mean response for survival, growth, and reproduction. In addition,
laboratoriescan chart thecontrol treatment replicatevariance, or standard deviation. Referencetoxicant tests
are very important to track analyst technique and the health and condition of the test organisms. It is
particularly important when performing these tests (as with all compliance toxicity tests) that the analysts
precisely follow the published test methods, without deviation between tests.

ASTM-American Society for Testing and Materials. 1992. Standard practice for conducting an interlaboratory study
to determine precision of atest method, E691-92. In: Annual Book of ASTM Sandards, Vol. 14.02. Philadel phia, PA.

Grothe, D. R., K. L. Dickson, and D. K. Reed-Judkins, eds.1996. Whole Effluent Toxicity Testing: An Evaluation of
Methods and Prediction of Receiving System Impacts, SETAC Press, Pensacola, FL, USA. 340 p.
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EXAMPLES OF SELECTED
STATE WET IMPLEMENTATION PROGRAMS

Appendix E contains summaries of approaches that States have taken in implementing their NPDES
whole effluent toxicity (WET) programs and efforts instituted to reduce or ensure minimal test variability
when conducting WET tests. Preceding the State responsesisamatrix (Table E-1) that briefly summarizes
the common approaches or program themes for the States that responded. The respondent States are a
geographic sampling across the United States. EPA’s inclusion of the various State approaches in this
document is not an endorsement of their approaches, but a snapshot of additional steps that a permitting
authority could consider taking beyond the minimum requirements (i.e., test acceptability criteria) outlined
in EPA guidance. Thissample of State approaches also responds to recommendations EPA received on the
initial draft document to consider and provide reference to other State approaches.*

1 Notethat the terms, abbreviations, and acronyms used in this appendix may differ from their usage throughout the

rest of this document. EPA consciously chose not to edit the State-supplied information so that the actual States’
nomenclature and terminology as used in their NPDES programs would be reflected here.
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E.1 RESPONSES FROM KENTUCKY DEPARTMENT FOR ENVIRONMENTAL PROTECTION
E.1.1 Describe How Your State Evaluates Reference Toxicant and Effluent Test Results

Acutereferencetoxicant test and multi-concentration effluent test results are eval uated using the point-
estimate (L C50) technique described in the EPA acute testing manual .

Chronic reference toxicant and multi-concentration effluent test results are evaluated using the linear
interpolation method (1C25) as described in the EPA chronic manual and using the TOXCALC statistical
program software.

E.1.2 Explain How Your State Reviews Reference Toxicant Data for Laboratory
Performance

Consulting laboratoriesthat service permitteesarerequired to annually submit to the Bioassay Section
a summary of their reference toxicant test data. This information is used to determine consistency and
conformance to the expected values. This serves as a review and audit of al consulting laboratories,
measures consistency within a laboratory, and provides a level of reiability and accuracy between
laboratories.

A letter of request is sent to each laboratory with a standardized response form. The labs provide the
requested information, including test date, dilution series, type of control water, organism age, L C50/IC25,
95 percent confidence interval, and average control reproduction/weight. Thisinformation is entered into
alaboratory QA data base where it is statistically analyzed.

Thisinformation isthen compiled into an annual summary report. The compiled information includes
the lab name, reference toxicant, test species, test type, test duration, number of tests performed, mean,
standard deviation (SD), % coefficient of variation (CV), average reproduction, or growth with SD and %
CV.

Theresults are mailed to each participating laboratory. In addition, the summary resultsare printedin
the Kentucky Biomonitoring Newsletter and are presented on the Bioassay Section's web page
(http://water.nr.state.ky.us'wa/bi oassay/index.html).

A control chart is prepared for each reference toxicant and organism combination, and successive
toxicity valuesare plotted and examined to determineif theresultsare within prescribed limits. A minimum
of 30 test results are needed for areliable mean and upper/lower control chart. If the toxicity value from a
giventest with thereferencetoxicant does not fall within the expected rangefor the test organismwhen using
the standard dilution water, then the sensitivity of the organismsand theoverall credibility of thetest systems
are suspect. In this case the test procedure, control water, and reference toxicant are examined.

Missing and/or out-of-range data must be explained and can result in the invalidation of Kentucky
Pollution Discharge Elimination System (KPDES) WET test results.

E.1.3 Describe Any Additional QA/QC Criteria Your State Has Developed and Implemented
Within Your State

1. Acuteand chronic reference toxicant tests are to be conducted monthly. A reference toxicant test
must be conducted within 30 days of each KPDES WET test.

2. If test organisms are purchased from a commercia supplier, a reference toxicant test must be
conducted on each batch unless the supplier can provide this information.
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3. Culturing and testing activities may not be contained within the same incubator.

4. Chronic toxicity tests where the coefficient of variation (CV) is greater than 40 percent will be
evaluated on a case-by-case basis to determine if the results will be considered acceptable.

5. All other QA/QC criteriafor culturing and testing, as set forth in the most current editions of the
EPA manuals, must be followed.

E.1.4 Describe Any Efforts Your State Has Made to Minimize Test Method Variability

1. All KPDESWET test resultsare submitted using astandardized report form. Eachreportisclosely
reviewed by a member of the Bioassay Section to determine if proper test protocols have been
followed.

2. Prior to conducting toxicity test for Kentucky permittees, each laboratory must submit its
culturing/testing SOP for review by the Bioassay Section. This insures that proper methods and
procedures are being followed.

3. Toxicity tests must comply with al conditions as stated in the EPA testing manuals and in the
Kentucky Methods for Culturing and Conducting Toxicity Tests with Pimephales promelas and
Ceriodaphnia dubia. (Fourth Edition, 1996). Special attention ispaid to sample holding timesand
temperatures.

4. Dilution water is to be moderately hard-reconstituted water or moderately hard dilute mineral
water.

5. If split samples are going to be used, the Biomonitoring Split-Sample Protocol must be followed.
Thisprotocol details sample collection and holding procedures aswell astest conditionsthat must
be followed.

6. Laboratories must submit all reference toxicant data for the annual summary. Thisinformation
assistsin determining the quality of information being received from these facilities.

7. Laboratories are audited by Kentucky or EPA Region |V to review testing and culturing
procedures.

E.1.5 Explain How Your State Reviews or Conducts Performance Lab Audits

Kentucky has been fortunate in having the expertise of EPA Region 1V in performing WET laboratory
audits. Their experience has proven beneficial in keeping laboratories compliant with the testing
requirements. When the services of EPA are not available, the State will conduct its own lab audits. In
either case, the procedures are the same and follow those outlined in the EPA inspection manual.

Inspections are usually announced. If EPA is performing the inspection, a representative from the
Bioassay Section will accompany the inspectors. Prior to the inspection, the auditor will review the
laboratory’s SOP for adherence to Kentucky and EPA protocols. Bioassay Section staff will review test
reports to document any problems with the subject lab. In addition, the qualifications of the staff will be
reviewed at thistime. Generaly, threetest reportswill be chosen for which the laboratory will be required
to produce supporting documentation.
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The inspection consists of an opening conference, a walk-through of the laboratory, and a closing
conference. During the opening conference, the auditor discusses the SOP review and general procedures
in the laboratory. In addition, information including culturing records, test data, chain of custody records,
reference toxicant data, etc., supporting the three test reports selected prior to the inspection will be
reviewed. During thewalk-through, the auditor examines equipment, log books, written documentation and
laboratory procedures. The closing conference servesasareview of observations and commentsduring the
inspection.

Theauditor will generate aninspection responseletter detailing any deficienciesnoted during the audit.
All correspondence is addressed to the permittee, whose test results were used for the inspection. The
permittee will have usually 60 days to respond to the deficiencies, noting what actions have been taken by
the laboratory to correct them. If significant deficiencies are not addressed, then future data from this
laboratory may not be accepted by the State.

E.1.6 Describe Any Specific Implementation Guidance That Your State Has Developed to
Assist Permit Writers. How Is the Guidance Available to the Public?

Guidanceis provided through several documents devel oped by the Bioassay Section. This section has
devel oped standardized biomonitoring language, which is provided to the KPDES Permitting Branch. This
language is incorporated into each permit with a WET limit or monitoring upon permit issuance or
reissuance. In addition, a Standard Test Result Report form is provided to each permit holder with WET.
The section has another document: Aquatic Toxicity Testing: Questions and Answers, which is available
upon request.

The Bioassay Section providesface-to-facetraining to the KPDES Branch on an as-needed basis. This
training is also available to the public if requested.

Some documents are available on the Bioassay Section’s web page or through the Biomonitoring
newsl etter.

E.1.7 Describe How Your State Provides or Utilizes Any Toxicity Testing Training

The Bioassay Section communicates program changes and specific guidance on culturing and testing
issues through the newdl etter and the web page. The section has held several training sessions for State
personnel since the inception of the program. In addition, the section participates in the State’s annual
Wastewater Operator’ s Conference to discuss issues with the regulated community and consultants.

Section members have attended and participated as instructors in the Society for Environmental
Toxicology and Chemistry’s two-day WET training course and statistical analysis course.

E.2 RESPONSES FROM NEW JERSEY DEPARTMENT OF ENVIRONMENTAL PROTECTION
E.2.1 Describe How Your State Evaluates Reference Toxicant and Effluent Test Results

Acute effluent tests are evaluated using the point estimate techniques described in the USEPA acute
methods document. New Jersey also uses the NOAEC endpoint set equal to 100 percent effluent when an
evaluation of no acute toxicity is required. The hypothesis testing techniques contained in the USEPA
manual are used in that case.

Requests have been received from certified laboratories and from permittees that the point estimate
techniquesbefurther standardized. Using oneversion of Probit versusanother can resultinadifferent value,
sometimes making a difference whether afacility passes or fails.
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Chronic effluent and reference toxicant test results are evaluated using the linear interpol ation method
originally provided by Teresa Norberg King (July 1993). A pvalue of 25isselected for all permitsand for
reference toxicant recording.

E.2.2 Explain How Your State Reviews Reference Toxicant Data For Laboratory
Performance

New Jersey Pollution Discharge Elimination System (NJPDES) permitsrequirethat in order for chronic
toxicity test results to be considered acceptable, there must be an acceptable Standard Reference Toxicant
(SRT) result conducted within 30 days of the compliance test result, for the test species and reference
toxicant in question. The States standardized report form requiresthe reporting of the applicable SRT result
directly on the compliance test report, along with the applicable upper and lower control limits. Missing or
out of range data can result in the invalidation of test results.

Control charts are forwarded to the Department on an annual basis, on the anniversary of the approval
for thetest species. Many labs have chosen to include copies of applicable control charts with the submittal
of compliance test results. SRT data is also reviewed as part of an on-site audit, including a review of
procedures, raw data, and data analysis any excluded resullts.

State methods governing laboratories also require that if alab produces any SRT test result which is
outside the established upper and lower control limits for atest species at afrequency greater than one test
in any ten tests, a report shall be forwarded to the Department. That report shall include any identified
problem which caused the valuesto fall outside the expected range and the corresponding actionsthat have
been taken by the laboratory. If alaboratory produces two consecutive SRT test results or three out of any
ten test results, which are outside the established upper and lower control limits for a specific test species,
the laboratory shall be unapproved to conduct testing. Reapproval is contingent upon the laboratory
producing SRT test results within the established upper and lower limits.

Thelaboratory selectsthe referencetoxicant used. However, the Department recommends using KCI.

E.2.3 Describe Any Additional QA/QC Criteria Your State Has Developed and Implemented
With Your State

For Ceriodaphnia testing:
— Number of malesin surviving organisms overall concentration <10 percent [(no. males/ total
no. surv) x 100].

— Number of malesin controls <20 percent (no. males/ total no. organismsin controls).
All test species

— No sporadic mortalities present (Deaths that are not related to sample toxicity, confined to a
few test chambers and scattered throughout the test).

— Variation in start count must be <10 percent per concentration (animals lost or killed by
accident).

These items are specifically included on standardized review sheets.
For any teststhat would result in the collection of penalties based on violation of an effective toxicity
limit, a detailed review of the raw data and test results are conducted, including review of the data trend,

minimum significant difference, chain-of-custody, sampling handling, and holding times.

E.2.4 Describe Any Efforts Your State Has Made To Minimize Test Method Variability
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Each test that is submitted receives at |east a screening using a standardized check list, anywherefrom
30 to 40 questions depending upon the test species, dealing will all aspects of the test.

New Jersey maintains alaboratory certification program for toxicity testing, including on-site audits.

A laboratory who cancelsatest prior to the scheduled ending time/date must report that cancelled test,
including the reason for the cancellation, to the Department. This allows the Department to track a
laboratory’ s ability to run atest to completion. Tests that do not meet USEPA’ s test acceptability criteria
are not submitted to the Department since they are not valid. This way the frequency that thisis occurring
at alaboratory can be tracked. Frequent test cancellations are addressed during an on-site audit.

New Jersey has a Bioassay Subcommittee that is a subset of the State’s Laboratory Advisory
Committee. This committee meets quarterly and consists of State and laboratory representatives. The
committee discusses problems with the tests, certification, updates from USEPA, SETAC, NELAC, or
anything else applicable to toxicity testing. This gives the laboratories and the State an opportunity to
discuss either deficiencies that are occurring at laboratories and are showing up in the test data, problems
the laboratories are having with regard to any of the methods, and any improvements to the program that
should be easily implemented.

E.2.5 Explain How Your State Reviews Or Conducts Performance Lab Audits

Inspections can be announced or unannounced, although generally time is not adequate to perform
unannounced inspections. Prior to the inspection, the auditor will review the laboratory’s SOPs for
adherence to New Jersey and EPA protocols. Subsets of data will also be reviewed and the technician
responsible for day to day screening using the standardized check list is asked to summarize any problems
with the review of toxicity test reports.

The actual inspections consist of an opening conference, a walk-through of the lab facility, and a
closing conference. During the opening conference, the auditor discusses the SOP review and general
proceduresin the lab. In addition she will request and review-supporting information associated with the
any test reports identified prior to the inspection as a concern. During the walk-through, the auditor
examines equi pment, written documentation, cultures, laboratory procedures, chain-of-custody, and sample
handing. The closing conference serves as areview of observations and comments during the inspection.

E.2.6 Describe Any Specific Implementation Guidance That Your State Has Developed To
Assist Permit Writers. How Is The Guidance Available To The Public?

The Office of Quality assurance provides training sessions to the permit writer and the public upon
request. Written guidance consists of copies of past training sessions, located on the share drivefor permit
writers. This guidance is not generally available to the public.
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E.2.7 Describe How Your State Provides Or Utilizes Any Toxicity Testing Training
When possible, staff will attend any USEPA- or SETAC-sponsored training on the topic.

E.3 RESPONSES FROM NORTH CAROLINA DEPARTMENT OF ENVIRONMENT AND
NATURAL RESOURCES

E.3.1 Describe How Your State Evaluates Reference Toxicant and Effluent Test Results

Acutereferencetoxicant test and multi-concentration effluent test results are eval uated using the point-
estimation techniques described in the EPA manual.

Acute pass/fail, chronic pass/fail, and chronic multi-concentration effluent test results are evaluated
using hypothesis tests as described in the EPA manuals.

Chronic reference toxicant test results are evaluated using the linear interpolation method (1Cp, where
p=25) described in the EPA manual.

For both types of chronic Ceriodaphnia effluent tests, a reproductive effect is defined by both a
statistically significant difference between the treatment and the control and a 20 percent reduction in
neonate reproduction of the treatment organisms as compared to the controls. Hypothesi stestsfor both acute
and chronic pass/fail tests are performed at an alphalevel of 0.01.

E.3.2 Explain How Your State Reviews Reference Toxicant Data for Laboratory
Performance

Thedataisreviewed in conjunction with thelaboratory’ sannual laboratory inspection. Thelaboratory
provides copies of bench sheets, water quality data, and calculations or printouts from the data analysis for
each reference toxicant test performed since the last laboratory inspection:

In addition, the lab submitsthe current control chart (with datalisting) and any explanations of out-of-
range test results for each test type and organism combination.

The materials are reviewed for appropriate test frequency, proper test conditions, test result validity,
and proper responses to out-of-range events.

Missing or out-of-range data can result in the invalidation of NPDES test results.

E.3.3 Describe Any Additional QA/QC Criteria Your State Has Developed and Implemented
Within Your State

— Laboratories must use dilution water in whole effluent toxicity testing with chemical
characteristics such that the pH isbetween 6.5 and 8.5 and total hardness as cal cium carbonate
is between 30 and 50 ug/l as calcium carbonate.

— Acuteand chronic reference toxicant tests must be performed once every two weeks or within
one week of any NPDES tests.

— A representative of each test organism cultured shall betaxonomically identified to the species
level at aminimum frequency of once per quarter.
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— If closed incubators (refrigerator-sized) are utilized for toxicity testing and/or test organism
culturing purposes, culturing and testing activities may not be contained within the same
incubator.

— Chronic Ceriodaphnia dubia analyses will have an additional test acceptability criterion of
complete third brood neonate production by at least 80 percent of the control organisms.

— Ceriodaphnia dubia neonate reproduction totals from chronic tests shal include only
organisms produced in the first through third broods.

— Thepercentage of male Ceriodaphnia control organismsmay not exceed 20 percent in chronic
Ceriodaphnia tests.

— The Ceriodaphnia control organism reproduction coefficient of variation (CV) must be less
than 40 percent for a chronic Ceriodaphnia test to be considered acceptable.

— Ceriodaphnia chronic test solutions must maintain dissolved oxygen levels greater than or
equal to 5.0 mg/l.

— Ceriodaphnia chronic test exposure duration will be no greater than seven days + 2 hours
regardless of control organism reproductive success.

— Acutetests will be terminated within one hour of their stated length.
E.3.4 Describe Any Efforts Your State Has Made to Minimize Test Method Variability

1. Close review of each test result submitted with consistent adherence to test protocol test
acceptability criteria.

2. Implementation of abiological laboratory certification program.
3. Paper trail investigations of test results from disagreeing “ split” effluent sample analyses.
4. Test protocol modifications.

EPA methods allow for arelatively wide window for termination of the chronic Ceriodaphnia test.
Tests may be terminated as soon as 60 percent of the control organisms produce three broods of young or
aslate aseight daysafter test initiation. Logically, narrowing the termination window will reduce variability
and improve precision of test results. The North Carolina Division of Water Quality (NC DWQ) has
narrowed the window available for the termination of the chronic Ceriodaphnia test by:

— Placing a shorter limit on the exposure period (seven days + two hours)

— Requiring that at least 80 percent of the control organisms produce athird brood prior to test
termination

Analysis of a data base of NC chronic Ceriodaphnia test results has shown that reducing control
organism reproduction variability improves the sensitivity of the reproduction analysis. Logicaly, holding
al labs to a common precision standard with respect to control organism reproduction should reduce
between-labtest result variability. The Division hasreduced variability of control organism reproduction by:
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— Implementing a test acceptability criterion limiting the control organism reproduction
coefficient of variation to less than 40 percent

— Requiring that at least 80 percent of the control organisms produce athird brood prior to test
termination

— Excluding fourth and subsequent brood neonates from the reproduction effects analysis

DWQ’ s experience has shown that high quality laboratories can produce extremely sensitive teststhat
can detect quite small differences between treatment and control reproduction. Unfortunately, thiscan be a
disincentive for laboratories to produce high quality tests, since experience has shown that some clients
gravitate toward laboratories that produce compliant test results. Less sensitive testswill be morelikely to
produce compliant results. Analysisof reproduction datafrom the same data base described aboveindicated
that tests performed by NC certified labs could routinely detect a difference between the control and a
treatment when there was a 20 percent reduction in neonate reproduction by the treatment organisms
compared to the controls. Based on this data, NC DWQ has placed a second data eval uation criterion on the
Ceriodaphnia chronic reproduction analysis. Specificaly, for an effluent treatment to be considered
producing an effect, the reproduction mean must be both statistically significantly lower than the control
mean and represent at least a 20 percent reduction from that mean. In effect, this sets alower limit on test
sensitivity and also reduces within-laboratory and between-laboratory test result variability.

E.3.5 Explain How Your State Reviews or Conducts Performance Lab Audits

Inspections may be announced or unannounced. Prior to the inspection, the auditor will review the
laboratory’ s SOPfor adherenceto North Carolinaand EPA protocols. The Aquatic Toxicology Unit member
responsiblefor reviewing test report submittalswill be requested to summarize any recurring problemswith
the target laboratory regarding data submission. Three test reports will be chosen for which laboratory
personnel will be asked to produce supporting documentation.

Theactual inspection consistsof an opening conference, awalk-through of thelaboratory facilities, and
a closing conference. During the opening conference, the auditor discusses the SOP review and general
procedures in the laboratory. In addition he/she will request and review supporting information associated
with the three test reports selected prior to the inspection. During the walk-through, the auditor examines
equipment, written documentation, cultures, and laboratory procedures. The closing conference servesasa
review of observations and comments during the inspection.

Theauditor will review reference toxicant data (see question 2 above) after the inspection. Within two
weeks, the auditor will generate an inspection response | etter, to which the laboratory will be given 60 days
to respond. If there are significant deficiencies discovered during the inspection, alaboratory or categorical
decertification may occur.

E.3.6 Describe Any Specific Implementation Guidance That Your State Has Developed to
Assist Permit Writers. How Is the Guidance Available to the Public?

Written guidance is established by memo from the Water Quality Section Chief to the NPDES
Permitting Unit and other affected Water Quality Section Units. The Aquatic Toxicology Unit providesface-
to-face training sessions to the NPDES Unit on an as-needed basis.

The written guidance in memo form is available to the public upon request. Parts of the guidance are
included in adocument called “Aquatic Toxicity Testing: Understanding and Implementing Y our Testing
Requirement,” that is disseminated to each permit holder with aWET limit or monitoring requirement upon
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permit issuance and subsequent renewals. The document is also available at the Aquatic Toxicology Unit
web page, http://www.esh.enr.state.nc.usATUwww.default.html.

E.3.7 Describe How Your State Provides or Utilizes Any Toxicity Testing Training

NC DWQ actively participates in the Carolinas Area Aquatic Toxicologists group (CAAT). The
Aquatic Toxicology Unit utilizes the meetings of this group to communicate program changes and specific
guidance on culturing and testing issues. Additionally, the Unit has held two workshops for the Division's
regional office personnel since the inception of the aquatic toxicity testing program. Unit members have
attended The Society of Environmental Toxicology and Chemistry’s two-day WET course and statistical
analysis course.

E.4 RESPONSES FROM WASHINGTON DEPARTMENT OF ECOLOGY
E.4.1 Describe How Your State Evaluates Reference Toxicant and Effluent Test Results

The State of Washington Department of Ecology reviews every WET test report for compliance with
the test method and instructions in the permit. Permit instructions include reference to a document called
“Laboratory Guidanceand Whole Effluent Toxicity Test Review Criteria’ that providesthelabwith standard
testing instructions and providesthe basisfor test report review. Reference toxicant tests are not evaluated
separately but are evaluated as a part of the review of WET test reports. The Department of Ecology also
maintains adatabase of WET test raw dataand statistical resultsin order to have comprehensive recordsfor
each discharger and to enhance our ability to learn from experience and improve our WET program.

E.4.2 Explain How Your State Reviews Reference Toxicant Data for Laboratory
Performance

The minimum reference toxicant testing needed to meet our interpretation of the requirementsin the
EPA manuals (both sections 4.7 and 4.16) is one per month for every acute and 7-day (short-term) chronic
test species used routinely (more than once per month). Because an acute test result can be determined
during a7-day chronic test, acute and chronic reference toxicant testing for afish or mysid can be combined.
If alab has difficulty establishing a concentration series that produces good results for both alethal and
sublethal endpoint, the lab may focus on lethality, as long as the sublethal endpoint is not completely
abandoned in the conduct and analysis of the test.

In addition to the nonroutine tests (test performed once per month or less), all tests conducted with
plants are required to have concurrent reference toxicant testing. In addition, brood stock can vary in
condition, and the concurrent check on test organism sensitivity is a good precaution. Algal toxicity tests
must have concurrent reference toxicant tests for similar reasons. Concurrent reference toxicant testing is
al so required when test organi sms (or the brood stock used to produce thetest organi sms) have been collected
fromthewild. Increasesintest costs, especially the cost of 7-day chronic tests, areto be avoided if possible.
The alternative to concurrent reference toxicant testing in section 4.7 for labs getting test organisms from
an outside supplier is reference toxicant testing by the organism supplier, and this alternative seems to be
generally believed by testing labs as well as the Department of Ecology to be inferior to monthly reference
toxicant testing by the testing lab. We do not accept the use by labs of reference toxicant tests performed
by organism suppliers, and apparently labs agree because the vast majority have, to their credit, continued
to conduct their own referencetoxicant testing. Labs, however, should use organism suppliersthat routinely
conduct referencetoxicant testing and control charting because, as noted in thetable below, thisinformation
can be useful when deciding the consegquences of lab conducted reference toxicant testing.

All labs must conduct ongoing control charting based on reference toxicant testing and report the
results, acceptable or unacceptable, of the control charting in the report for each effluent or ambient water
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test. Acceptability isbased onthe standard test acceptability criteriafor thetest and on control charting with
the upper and lower control limits set at twice the standard deviation (95 percent confidence) of the point
estimates (L C,,, EC,,, IC,s, €tc.) accumulated fromthelast 20 referencetoxicant tests. At least fivereference
toxicant testsare needed to establish aminimally effective control chart for new tests. Thereferencetoxicant
test data must be presented with the report for each associated test.

Any reference toxicant test determined to be unacceptable must be repeated either until an acceptable
resultisobtained or until there have been three consecutive unacceptabl etest results (theinitial unacceptable
test plus two repeats). Because about 1/20 reference toxicant test results will fall outside of control limits
dueto chance alone, it isnecessary to repeat unacceptable reference toxicant testsin order to reduce therole
of chance. Assuming no unusual problems with test organisms or lab performance, there is only a 1/400
chance of two unacceptable reference toxicant test results in a row and only a 1/8,000 chance of three
unacceptableresultsinarow. If alab hasno unusual problems, repeating an unacceptabl e referencetoxicant
test should quickly produce an acceptable result. If a lab repeatedly produces unacceptable reference
toxicant test results, it will give confidence to the conclusion that the lab has problems with test organisms
or testing technique.

When the reference toxicant test result is within the 95 percent confidence limits, then the test report
must state this fact and present the reference toxicant data at the end of the report. When the reference
toxicant test result is outside the 95 percent confidence limits, then the test report must state this fact and
present the reference toxicant data at the end of the report. The lab should not delay test reports while
waiting for the results of reference toxicant test repeats. The results from the first repeated test might be
availableintimeforinclusioninthetest report. If begun promptly, theresultsof all of thereferencetoxicant
testing in response to an unacceptabl e reference toxicant test result will be availablein time for the review
of the test report. The WET Coordinator will contact the lab during the test review for any additional
reference toxicant test data not contained in the test report.

When areferencetoxicant test result fall soutside of the 95 percent confidencelimits, alab must qualify
the associated test result for an effluent or ambient water sample by a statement in the test report that the
reference toxicant test result was outside control limits. The Department of Ecology WET Coordinator will
decide whether these tests are acceptable based on the degree of departure from control limits and the
frequency of occurrence. Becauseit isexpected that an average of one out of 20 testswill fall outside of the
control limits due to chance alone, the degree of departure from the control limits and frequency of
occurrence will be considered before rejecting toxicity tests. Because control limits narrow as laboratory
performance improves, the width of the control limitswill also be considered before rejecting toxicity test
results when the associated reference toxicant test results are just outside the limits.

The Biomonitoring Science Advisory Board (BSAB) criteriafor acceptableintralaboratory variability
provide values that are useful for considering the width of control limits while deciding whether to reject
toxicity testson the basis of referencetoxicant test results. If the coefficient of variation (standard deviation
mean toxicity value) from the reference toxicant test data used in control charting falls into the excellent
(< 0.35) or good (0.35 to 0.60) range established by the BSAB, then a higher confidence in the test results
isjustified. If the reference toxicant test data coefficient of variation for the lab falls into the acceptable
range (0.61 to 0.85), then a smaller amount of confidence should be applied. If the reference toxicant test
data coefficient of variation for the lab fallsinto the unacceptabl e range (> 0.85), then none of the lab's test
results are acceptable. Labs must report the coefficient of variation for the last 20 reference toxicant tests
in every report for the same test conducted on an effluent or environmental sample. (Reference:
Biomonitoring Science Advisory Board. BSAB Report #1, Criteria for Acceptable Variability of Marine
Chronic Toxicity Test Methods. Washington Dept. of Ecology. February 1994.) Effluent or ambient water
toxicity test resultswill be accepted or rejected based on thefollowing table. Rejection will occur when any
conditionintheappropriate“ Test Accepted” box wasnot met or when any conditionintheappropriate” Test
Rejected” box was met.
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Effluent tests and their associated (initial) reference toxicant tests must have start dates separated in
time by no morethan 18 days. Labstypically take about two weeksto produce atest report. From the point
of view of practicality and the most meaningful control charting, it makes sensefor areference toxicant test
result to be used retroactively about two weeks. The reference toxicant test result will then be used for
control charting for the balance of the monthly time period. A grace period of 7 days will be added to the
18 daysfor tests begun from December 1% to the following January 10". Acutetestswill be allowed agrace
period of 4 days over the 18 day maximum.

Tablefor Determining Test Re ection Based on Reference Toxicant Test Results

Unacceptable Reftox Tests Test Accepted Test Rejected

Only the original reftox test If the organism supplier reftox results If there are notable reporting
result was outside of control were within control limits, and the errors or deviations from test
limits (the first repeat reftox test | coefficient of variation for the last 20 protocol, or if the reftox test

result fell within control limits) | reftox testsis <0.85 result fell outside of control

limits to the more sensitive
side (point estimate was too
low) by 3 or more standard
deviations and the effluent
test showed toxicity at levels
of regulatory concern

Both the original and the first If the 95 percent confidence interval for If there are notable reporting
repeat reftox test results were the point estimate used in control charting | errors or deviations from test

outside of control limits (the can be calculated and in both failing reftox | protocol, or if any reftox test

second repeat reftox test result | tests overlapped the control limitsin the result fell outside of control

fell within control limits) control chart, organism supplier reftox limits to the more sensitive
results were within control limits, and the | side (point estimate was too
coefficient of variation for the last 20 low) and the effluent test
reftox testsis <0.60 showed toxicity at levels of

regulatory concern

All three reftox tests were Never Always

outside of control limits

Coefficient of variation for the | Never Always

last 20 reftox tests > 0.85

Because point estimates provide the best basis for control charting, all labs must control chart using
point estimates. Point estimates require fewer replicates than NOECs and reference toxicant testing may be
done using the minimum number of replicates allowed by the test method.

Another Ecology staff person with primary responsibility for reference toxicant testing requirements
isthe Advisory Laboratorian in the Quality Assurance Section, who reviews standard operating procedures
(SOPs) for toxicity testsand accreditslabs. For bioassay |absto maintain Department of Ecology |aboratory
accreditation, the QA section has begun to require participation in around-robin test (such asthe DMR-QA)
or the performance of one reference toxicant test at |east once every six months. Inthe event that alab does
not conduct any testson environmental samplesusing aparticular species/method withinasix-month period,
it must perform a reference toxicant or round-robin test. 1n the event that alab does not conduct any tests
by a particular method within a one-year period, it must do two reference toxicant or round-robin tests for
that year. Further, thesetestsmust be doneat least four monthsapart. Thisisto assurethat thelabsmaintain
proficiency with the species and methodsfor which they are accredited. The Quality Assurance Section can
efficiently enforce good reference toxicant testing requirements because it has direct authority over labsto
approve SOPs and conduct routine onsite audits.

E.4.3 Describe Any Additional QA/QC Criteria Your State Has Developed and Implemented
Within Your State
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— Sometimes variability across replicates will prevent a large difference in response (in other
words, atoxic effluent) from being detected as statistically significant. False negatives can
happen when the number of replicatesislow. The acute statistical power standard says that
acute toxicity tests must be able to detect a minimum of a 30 percent difference in survival
between the IWC and a control as statistically significant. The chronic statistical power
standard says that chronic toxicity tests must be able to detect a minimum of a 40 percent
difference in response between the IWC (the NOEC if the IWC is unknown) and a control as
statistically significant. Testswhich fail to meet the power standard must be repeated with an
increased number of replicates.

Ceriodaphnia Chronic Test

E4.4

— < 10 percent malesin the surviving test organisms over all test concentrations.
— < 20 percent malesin the surviving test organismsin the IWC or LOEC.

— All surviving Ceriodaphnia producing no neonates in the test must be examined to determine
gender, and the results of the determination reported. It is not necessary to identify gender
when reproduction has been nearly eliminated in any test concentration when this fits an
expected concentration-response relationship. 1t isunderstood that very young Ceriodaphnia
can be difficult to sex, and any Ceriodaphnia that diesin the first two days of the test may be
excluded from calculations for reproduction if gender is difficult to determine and it is one of
no more than two mortalities in a concentration. Otherwise, difficult to sex young
Ceriodaphnia must be considered to be female and included in all calculations.

Describe Any Efforts Your State Has Made to Minimize Test Method Variability

Development and distribution to all labs of a document called “Laboratory Guidance and Whole
Effluent Toxicity Test Review Criteria” (canary book) that |etsthem know our expectationsfor an
acceptable toxicity test. The canary book also narrows testing choices and provides for more
consistent testing between labs.

Test reviews for compliance with the test method and canary book.

Fish or mysid growth tests that have a standard deviation for proportion aive above 0.25 in any
effluent concentration (unless the partial mortality occurs at the threshold of toxicity in a good
concentration-response relationship) are analyzed for the original growth endpoint instead of the
combined (“biomass”) endpoint.

To reduce the opportunity for WET limit violations due to statistically significant differencesin
responsethat aretypel errors, permit requirementswill lower theal phalevel for hypothesistesting
when differencesin test organism responseare small. To prevent excessivetypel errors, eliminate
some interrupted concentration-response relationships, and have more fair and enforceable test
results, we will set alpha = 0.01 for small differencesin response. If the difference in survival
between the control and the IWC in an acute test is less than 10 percent, the level of significance
will belowered from 0.05t0 0.01. If the differencein test organism response between the control
and theIWC inachronic test islessthan 20 percent, thelevel of significancewill be lowered from
0.05t0 0.01.

The identification of anomalous tests is a valuable tool for reducing false positives. A
concentration-response relationship where response increases with concentration is a good
identifier of toxicity as opposed to other sources of organism stress such asdisease. Test method
variability or lab error will aso very rarely produce a good concentration-response relationship.
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Identifying atest as anomal ous does not necessarily mean rejection of the test and a requirement
to repeat. If atest result meets one of the criteria for anomalous test identification but has no
statistically significant toxicity at concentrations of regulatory concern (IWC), then the test need
not be repeated unless other factors contribute to a decision to reject the test.

The anomal ous test definitions below must be considered in light of the expectations for the different
toxicity tests and endpoints.

Criteria for Identifying Anomalous Test Results

— A WET test result is anomalous if it shows a statistically significant difference in response
between the control and the IWC, but no statistically significant difference in response at one
or more higher effluent concentrations. Thelack of statistical significance must be associated
with a lower toxic effect at the higher effluent concentration. Any higher effluent
concentration used in this determination must be a part of adilution series. Labs should not
cluster test concentrations just above the IWC in order to increase the opportunity for an
anomalous test result.

— A WET testisanomalousif thereis astatistically significant difference in response between
the control and the IWC which together with other nearby concentrations of effluent, have a
zero slope and appear to be nontoxic (performance is typical of healthy test organisms).
Another description of this criterion is a test with a control that seems not to belong to the
concentration-response rel ationship because of exceptionally good performance.

— A WET test isanomalousiif the overall slope of the line fitted to the concentration-response
plot is opposite of normal expectations and there is a statistically significant difference in
response at the IWC. A test might be considered acceptableif the slope is opposite over only
part of the concentration series.

— A WET test isanomalousif the standard deviation for proportion alive equals or exceeds 0.3
in any test concentration unless the partial mortality fits a good concentration-response
relationship. A WET test isanomalousif mortalities occur in any test concentration in excess
of the control performance criterion for survival when the concentration-response rel ationship
indicates that the effluent concentration is nontoxic (sporadic mortalities).

E.4.5 Explain How Your State Reviews or Conducts Performance Lab Audits

The Department of Ecology manages an Environmental Laboratory Accreditation Program designed
to assure that accredited |abs have the capability to provide reliable and accurate environmental datato the
department. Applicant labs apply for accreditation for specific parameters and methods. An applicable
parameter/method pair for WET testing would be “Pimephal es promelas by EPA Method 1001.0.”

Concurrent with submission of theinitial application, the lab submits a quality assurance manual that
isgiven athorough review by Ecology staff. If there are reasonably-available performance evaluation (also
known as “ proficiency testing”) samples available for the requested tests, the lab is required to submit one
set of such PE resultsfor initial accreditation. Thisisreferred toin our program asa* performance audit.”
There are no PE samples we consider to be “reasonably available” for WET testing.

Following review of thelab’s QA manual and PE study results and successful resolution of any noted
problems, Ecology and thelab scheduleamutually agreeable datefor an on-site, or system, audit. (Although
this survey asks about “performance” audits, which could be construed as being synonymous with our
required PE studies, we think it rather is synonymous with what we call the on-site, or system, audit). For
initial system audits, depending on the scope of tests done by the lab, checksheets may be sent to the lab to
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be completed and returned to the auditor prior totheaudit. The auditor studiesthe checksheet responsesand
verifies accuracy of the response during the audit. For subsequent audits, which are routinely scheduled
every three years but may be conducted at any time there is a need, the auditor may choose to send
checksheetsin time for them to be completed by the lab or take them to be filled in during the audit.

Theactual audit, if for WET testing only, wouldinvol ve one auditor and | ast one or two daysdepending
onthe scope of testsdoneinthelab. If thelab doesaother testing, the audit team may involve asmany asfive,
and the audit may last asmany asthree days (or longer if required, but none haveto date). Theaudit consists
of an in-briefing, athorough audit of personnel qualifications and equipment/supplies status (which were
reported as part of the application), facility adequacy, sample management, records keeping/data
management, performance eval uation study data(if applicable), theoverall quality assuranceprogram, status
of quality control testing results (to seeif thelab is meeting data quality objectiveswhich were approvedin
the QA manual), and acheck to seethat current methods/SOPs are readily available and being followed. An
out-briefing followsthe audit during which the audit team informally summarizes major findings, both good
and bad.

Following the audit, our program alows us 30 calendar daysto prepare awritten report. Depending
on the scope of testing, this report, which addresses each of the factors discussed above, may be only 3 or
4 pages, or many more, and might include severa attachments providing guidance or assistance to the lab.
The secondary objective of our program as specified in the code isto assist labs in achieving the ability to
meet required standards of performance, a perhaps novel but very effective approach to achieving desired
capability in accredited labs. Historically, we have been deficient in meeting the 30-day report requirement,
which has caused usto change our accreditation strategy. Using afixed-price contract to encourage prompt
reporting, we now contract out the audit task to a highly-qualified auditor whose last audit report was
delivered within 10 days of the audit.

Performance audits (PE studies) are required in our program twice each year, and system audits are
preferably conducted every threeyearswith the codeallowing four yearsfor documented cause. Atthistime,
we see no need to exceed three years for future audits of WET testing labs.

E.4.6 Describe Any Specific Implementation Guidance That Your State Has Developed to
Assist Permit Writers. How Is the Guidance Available to the Public?

We have devel oped and kept updated suggested language for usein NPDES permitsand fact sheetsfor
POTWsand industries. The suggested language is apart of templates (“shells’) for permits and fact sheets
that permit writers use as they draft a permit. We aso have a*Permit Writer's Manual” (USEPA 19964)
which addresses species choice, WET monitoring frequency, recommendations for number of test
concentrations, etc. The*Permit Writer’ sManual” was devel oped with publicinput/review andisavailable
to the public for the cost of printing.

E.4.7 Describe How Your State Provides or Utilizes Any Toxicity Testing Training

We had extensive training in al of our offices at the beginning of our use of WET testing in water
quality-based permitting early in the 1990s. Because of budget constraints, because WET test review and
technical assistance are centralized functions, and because of the availability of permit writing guidancein
the “Permit Writer's Manual” and suggested permit language, we no longer hold WET training sessions.
E.5 RESPONSES FROM WISCONSIN DEPARTMENT OF NATURAL RESOURCES

E.5.1 Describe How Your State Evaluates Reference Toxicant and Effluent Test Results
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Reference toxicant and effluent test datais sent directly to the Biomonitoring Coordinator in Madison
(centra office). Certified labs are required to perform reference toxicant tests (using NaCl, specified
dilutions and dilution water) on amonthly basis. Acuteand chronic reference toxicant results are evaluated
using the point-estimation techniques described in the EPA manual (LC,,, IC,;). Control charts (graphical
and tabular) representing the mean LC,, or 1C,; and upper and lower control limits (mean + 2 standard
deviations) are established for each species, using data from the previous 20 months. Any exceedance of
either the upper or lower control limit after establishment of the control chart requiresareview of theculture
and test systems. Missing or out-of-range datamust be explained (if possible) and may result ininvalidation
of Washington Pollution Discharge Elimination System (WPDES) test results conducted during the same
period.

Each test report for all effluent testsis reviewed by the Biomonitoring Coordinator for completeness,
adherence to QA and test acceptability requirements, and for compliance with the WPDES permit.
Deviations from permit requirements, test acceptability criteria, or other factors may cause tests to be
repeated.

E.5.2 Explain How Your State Reviews Reference Toxicant Data for Laboratory
Performance

(See above.)

Inaddition to theregular review by the Biomonitoring Coordinator, referencetoxicant dataisreviewed
by the Department's WET Laboratory Auditor prior to on-site laboratory inspections. The laboratory
provides copies of bench sheets, water quality data, current control chart data, and any explanations of out-
of -rangetest resultsfor each test type and organism combination. The materialsarereviewed for appropriate
test frequency, proper test conditions, test result validity, and proper responses to out-of-range events.

E.5.3 Describe Any Additional QA/QC Criteria Your State Has Developed and Implemented
Within Your State

Test acceptability requirements, based on current “ State of Wisconsin Aquatic Life Toxicity Testing
Methods Manual, Edition 1”:

Testing must be separated from culturing activities (separate rooms with separate ventilation systems;
if closed incubators are used, culturing & testing may not be contained within the same incubator)

For Static Renewal Acute Tests:
Pretest Requirements (Requirements For Culture Acceptability)
— C. dubia:
— Average Number Of Neonates In 3 Broods > 15
— Mean Surviva > 80 percent
— Number Of Neonates In Each Brood > 8
— Age Of Organism < 24-H
— Fathead Minnows:
— Age Of Organism 1- 14 Days
— Sample Requirements
— Holding Time < 36-H
— Temperature During Collection & Prior To Shipping<4 °C
— Temperature Upon Arrival At The Laboratory <10 °C
Test Requirements (Requirements For Test Acceptability)
— Temperature20° +1 °C
— Dissolved Oxygen > 40 percent and < 100 percent saturation
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— Effluent - pH > 6.0 and < 9.0.
— Controal Survival > 90 percent

For Static Renewal Chronic Tests:
Pretest Requirements (Requirements For Culture Acceptability)
— C. dubia:
— Average Number Of Neonates > 20
— Mean Surviva > 80 percent
— Neonates Used In Test Must Be From 3rd Or Subsequent Brood
— Number Of Neonates In 3“ Or Subsequent Brood > 8
— Age Of Organism < 24-H; Released Within Same 8-H Window
— Fathead Minnows:
— AgeOf Larvae < 24-H
— Sample Requirements
— Holding Time < 36-H
— Temperature During Collection & Prior To Shipping<4 °C
— Temperature Upon Arrival At The Laboratory <10 °C
Test Requirements (Requirements For Test Acceptability)
— Temperature25° +1 °C
— Dissolved Oxygen > 40 percent and < 100 percent saturation
— Effluent - pH >6.0and < 9.0
— Control Survival > 80 percent
— C. dubia Mean Control Reproduction > 15 Neo./Adult; > 60 percent produce 3 broods
— Fathead Minnow Mean Control Biomass > 0.25 mg/individual

The Wisconsin Department of Natural Resources (WDNR) is in the process of updating it's WET
Methods Manual. Future methods (2™ Edition expected in 2001) will include additional or revised test
acceptability criteria

For Static Renewal Acute Tests:
Pretest Requirements (Requirements For Culture Acceptability)
— Fathead Minnows:
— AgeOf Organism 4 - 14 Days
— Sample Requirements
— Temperature Upon Arrival At The Laboratory <6 °C
Test Requirements (Requirements For Test Acceptability)
— Control Variability CV < 40 percent

For Static and Static Renewal Chronic Tests:
Sample Requirements
— Temperature Upon Arrival At The Laboratory <6 °C
Test Requirements (Requirements For Test Acceptability)
— Control Variahility - Fathead Minnow & C. dubia CV < 40 percent
— Control Variahility - R. subcapitata CV < 20 percent
— C. dubia Male Production < 20 percent in controls & < 20 percent al concentrations
— C. dubia Mean Control Reproduction >80 percent produce 3 broods
— R subcapitata Control Performance Cell Density > 1 X 10° cells/ml at end of test

E.5.4 Describe Any Efforts Your State Has Made to Minimize Test Method Variability

1. Close review of each test result submitted with consistent adherence to test protocol test
acceptability criteria.
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2. Investigations of test results from disagreeing “split” effluent sample analyses.

3. State specific methods: In order to limit the variability that may occur when different procedures
areused by different |abs, WDNR requiresstrict adherenceto clearly specified methods, regarding:
(&) sampling procedures (volume, type, storage conditions, etc.); (b) holding times; (c) test
duration; (d) deviationsin feeding & environmental conditions (light, pH, temperature, DO, etc.);
(e) dilution water; (f) number of concentrations and replicatestested; and (g) number of organisms
per replicate.

Each of these is addressed in EPA methods, but flexibility is allowed so labs can make testsfit in
specific situations. The more flexibility allowed in test methods, the higher the chance that tests
will be done differently between labs or between tests, resulting in increased WET variability. In
order to control WET variability and improve the consistency of methods used by Wisconsin labs
and permittees, WDNR created the “ State of Wisconsin Aquatic Life Toxicity Testing Methods
Manual,” Edition 1 (PUBL-WW-033-96) (Methods Manual) and incorporated it by referenceinto
NR 149.22 and NR 219.04, Wis. Adm. Codg, in 1996. The Methods Manual contains specific
procedures regarding testing and sampling procedures, types of tests, quality control/quality
assurance procedures, test acceptability criteria (see above), etc., that labs must follow when
performing WET tests for permit compliance.

4. Implementation of a WET Laboratory Certification program. In order to insure labs are of the
highest quality and are able to demonstrate a serious commitment to a quality assurance/control
program, WDNR, under State statutes, certifies labs to perform WET tests. In order for alab to
apply for certification for WET testing, the lab must submit a completed application and aquality
assurance plan tothelab certification program and passan on-siteevaluation. WET labsmust have
an ongoing reference toxicant program, a review process for al test data and reporting, a good
sample custody system, proper equi pment maintenance, dilution water quality monitoring, facility
maintenance, and attention to test organism health, and make other demonstrations of good lab
practicesin order to pass an audit.

5. The WDNR's WET Team strives to continually improve the WET program. The WET Team is
now revising the Methods Manual to requirethat labs verify thetraining and qualifications of their
staff, to include test acceptability criteria related to variability, and other changes to further
improve WET test quality and reduce variability (see above).

E.5.5 Explain How Your State Reviews or Conducts Performance Lab Audits

I nspections may be announced or unannounced. Prior to theinspection, the auditor reviewslaboratory
SOPsand recent referencetoxicant resultsfor adherenceto WDNR protocols. Theactual inspection consists
of an opening conference, awalk-through of the laboratory facilities, and aclosing conference. During the
opening conference, the auditor discussesthe SOP review and general proceduresin the laboratory. During
the walk-through, the auditor examines equipment, written documentation, cultures, and laboratory
procedures. He/shewill alsointerview lab personnel toinsurethat they understand lab quality assurance and
methods requirements. The closing conference servesasareview of observations and comments during the
inspection. After theinspection, the auditor generates an inspection report, to which the laboratory will be
given 60 days to respond. If there are significant deficiencies discovered during the inspection, and the
laboratory failsto fix those deficiencies satisfactorily within the alotted time, the laboratory's certification
may be revoked.

E.5.6 Describe Any Specific Implementation Guidance That Your State Has Developed to
Assist Permit Writers. How Is the Guidance Available to the Public?
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The WDNR created the “WET Program Guidance Document” in 1996, as a companion document to
the “ State of Wisconsin Aquatic Life Toxicity Testing Methods Manual,” in order to provide guidance and
clarification of existing rules, for WDNR staff, permittees, labs, consultants, and others. The WET Guidance
Document is updated as program needs dictate, at least once yearly, and can be obtained by contacting the
Biomonitoring Coordinator at: WDNR, Bureau of Watershed Management, P.O. Box 7921, 101 S. Webster
St., Madison, WI, 53707-7921; email: flemik@dnr.state.wi.us; or at

http://www.dnr.state.wi.us/org/water/wm/ww/biomon/biomon.htm.

E.5.7 Describe How Your State Provides or Utilizes Any Toxicity Testing Training

The Biomonitoring Coordinator provides one-on-one training, as needed, for WDNR staff and
permittees (usually as permits are reissued with new WET requirements). The University of Wisconsin-
Madison State Lab of Hygiene (who provides WET testing and research services to WDNR) can provide
hands-on WET training to WDNR staff, permittees, and/or new staff at contract laboratories, at their request.
WDNR staff, permittees, and contract | ab staff have al so attended The Society of Environmental Toxicology
and Chemistry’ s two-day WET course and statistical analysis course.
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IMPROVEMENTS IN MINIMIZING WET TEST VARIABILITY
BY THE STATE OF NORTH CAROLINA

F.1 Background

The North Carolina Division of Water Quality (NC DWQ) began in-house WET testing in the late
1970s. Data collected through the mid-1980s indicate that one in four NC NPDES facility effluents tested
had the potential to cause acute toxicity instream during low stream flow/high effluent flow conditions
(Eagleson et al. 1986). The Division began to require WET self-monitoring by individual facilitiesin 1985
through administrativeletters. DWQfirstimplemented WET limitsin NPDES permitsin 1987. Asof March
29, 2000, 554 facilities are required to perform some type of WET monitoring; 453 of these have limits.
North Carolina permittees have demonstrated compliance rates consistently above 90 percent since the
additional TAC wereimplemented. Chronic Ceriodaphniadubia, acute C. dubia, and acute fathead minnow
are the primary test types used.

The Division usestwo primary strategiesto enhance dataquality: (1) individual report review and (2)
laboratory certification.

Division personnel review each analysis report for the following test acceptability criteria:

»  Sampletype (specified by permit)

» Sampleholdtime

»  Sample temperature upon receipt at lab

»  Control treatment water pH and dissolved oxygen

» Control water hardness*

o Effluent treatment dissolved oxygen

* Test type (specified by permit)

* Replication

o Effluent dilution (specified by permit)

e Control survival and/or reproduction

»  Percentage of control organisms producing three broods (Ceriodaphnia chronic)
»  Control organism reproduction coefficient of variation (Ceriodaphnia chronic)*
* Test duration

*NC State criteria

The reviewer may also statistically analyze data sets when the result is unclear based on a cursory
review of the data.

The Division's Water Quality Rules specify that WET analyses associated with NPDES permits must
be performed by certified laboratories. The Division implemented the laboratory certification program in
1988. Key requirements of that program are specific qualifications for laboratory supervisors, areference
toxicant testing program, annual inspections and audits, and performance evaluation analyses.
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Laboratory Supervisor Qualifications

Laboratory supervisors must have either a Bachelor of Science degree in biology or a closely related
field and three years of experience in aguatic toxicity testing, or aMaster of Science degreein biology or a
closely related field and one year of experience in aguatic toxicity testing.

Reference Toxicant Testing Program

The laboratory must maintain a reference toxicant testing program for each organism and test type
category (chronic and acute). A reference toxicant test should be performed every two weeks for each
organism used in acute WET testing. Alternatively, acute reference toxicant tests may be performed such
that NC NPDES acute tests are performed within one week of an acute reference toxicant test for the
organism in question. Similarly, a reference toxicant test should be performed once per month for each
organism used in chronic WET testing. Alternatively, testsmay be performed such that NC NPDES chronic
tests are performed within two weeks of a chronic reference toxicant test. To maintain certification for an
organism, reference toxicant tests must be performed at least quarterly.

Annual Inspection and Audit

The Division conducts at least one inspection per year at each laboratory. Most inspections are
announced, but may be performed without notice. Inspections include the following activities:

* Ingpect facilities, equipment, and QA procedures according to thelaboratory’ s standard operating
procedures

* Examineliving and preserved test organisms

* Review reference toxicant testing program documentation
* Inspect meters and meter calibration records

*  Tracerandomly selected test records

Performance Evaluation Analyses

The Division may distribute unknown samples to laboratories up to three times per year for analysis.
The Division constructs acceptability criteria using the pooled results of the analyses. Laboratories
generating results outside of the acceptable range must repeat the analysis. Two consecutive out-of-range
resultsresultindecertification. A decertifiedlaboratory regainscertification by generating acceptableresults
on two follow-up analyses.

F.2 Data Evaluation (1992-94) Summary

InJanuary 1992, NC DWQ began recording reproduction datafrom Ceriodaphnia chronic pass/fail tests
performed by NC DWQ-certified |aboratoriesin associ ation with NPDES permit requirements. Themajority
of NC facilitieswith WET limits use thistest. NC pass/fail tests consist of two treatments: a control and
a critical concentration, each with 12 replicates. The purposes of the data base were to evaluate the
sensitivity of the analysis, assess performance characteristics of the analyses, and eval uate performance of
individual laboratories. Analysiswas limited to test results with normally-distributed reproduction data.

In1994, NC DWQ investigators reviewed the PM SD and M SD as a percentage of the control mean for
each test (Rosebrock et al. 1994). Evaluation of the dataindicated a correl ation between PM SD and timing
of test termination. EPA methods allow the test to be terminated once 60 percent of the control organisms
produce three broods. Therefore, the percentage of adults producing athird brood at test termination may
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vary from 60 to 100 percent. Plotting PMSD versus percent of control organisms producing three broods
clearly showed that higher percentages of control organisms producing three broods were associated with
lower PMSDs (Figure F-1).
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FigureF-1. PM SD versus percent control organisms producing three broods (1994).

Percentile analysis of the PM SD data produced amedian PM SD of 20. Thismeansthat the “average”
analysis, defined as the median, can statistically detect as small as a 20 percent difference between the
treatment and control organism reproduction.

Percentile analysis of the CV datafor control organism reproduction produced a median of 17 percent
and a 95" percentile of 40 percent. This means that 95 percent of the control data sets produced CV's at or
below 40 percent.

F.3 North Carolina Chronic Protocol Modifications

Using results from the data evaluations described above and empirical knowledge gained from
experience with the test, NC DWQ made several changes to its chronic Ceriodaphnia protocol to improve
sensitivity, precision, and practical application of test resultsinitscompliance program. Thesechangeswere
implemented in two stagesin late 1994 and early 1996.
December 1994 Changes

»  Exclusion of 4" brood and higher neonates from the reproduction analysis
* Additionof aTAC requiring that at least 80 percent of the control organisms produce three broods
* Addition of aTAC requiring that the test be terminated no later than seven days after initiation

January 1996
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» Addition of a TAC requiring that the control organism reproduction CV be less than 40 percent

e Specification that for an effluent treatment to be considered as producing an effect, the
reproduction mean must be statistically significantly lower than the control mean and represent at
least a 20 percent reduction from the mean

Reducing the CV of the control reproduction can be shown mathematically to result in reductionsin
the MSD and PM SD, producing amore sensitivetest. Placing an upper limit on the CV will eliminate less
sensitive tests. Excluding 4™ brood neonates from the reproduction analysis and requiring that at least 80
percent of the control organisms produce a 3" brood will reduce the control organism reproduction CV.

The specification of at |east a 20-percent reduction in reproduction from the control effectively setsa
lower limit on test sensitivity. DWQ's experience has shown that high-quality laboratories can produce
extremely sensitive teststhat can detect very small differences between treatment and control reproduction.
Unfortunately, this can be adisincentive for laboratories to produce high quality tests because some clients
will gravitate toward laboratories that produce compliant test results. Less sensitive tests will more likely
produce such results.

F.4 Evaluation of Program Modifications

The North Carolina data base affords the opportunity to evaluate the effectiveness of additional TAC
and changes to the test protocol as they relate to the variability of WET test results. Effluent data for
individual laboratories, and acrossall testsand laboratories, were examined to discern theimpact of program
changes on laboratory performance. Data were partitioned into two data bases, one for effluent tests
completed before December 1994 (termed Pre-1995) and onefor effluent tests compl eted after January 1996
(termed Post-1995). Pass/Fail testswereincludedintheevaluation. Only teststhat did not have asignificant
mortality effect were considered. Two measures of laboratory performance were calculated using the
reproductive datafrom the tests: PMSD and control CV. The PMSD data set contains al tests reported for
compliance. The control CV dataset containsall unigque controlsthat were reported by the laboratories and
used in compliance calculations. Conclusions reflect the cumulative impact of all changes made to the
program from late 1994 to early 1996.

F.5 Overall Test Performance

Pre-1995 and Post-1995 percentile values were generated for the PM SD and the control CV combined
acrossall testsand laboratories (Table F-1). For the PM SD, the median value decreased from 21 percent to
16 percent and the 90™ percentile from 39 percent to 31 percent, indicating an overal increase in test
sensitivity. The narrower interquartile range of Post-1995 PM SD values (IQR=12 percent), compared with
the interquartile range of Pre-1995 PMSD (IQR=16 percent), implies an improvement in the ability of
laboratories to achieve similar levels of test sensitivity. (The interquartile range is the difference between
the 75" and 25" percentiles of the cumulative distribution function and is a measure of spread of the
distribution.) For the control CV, the median value was reduced from 15 percent to 13 percent and the 90"
percentile from 34 percent to 28 percent. The overall decrease in the control CV reflects the capacity of
laboratories to improve their performance as measured by a decrease in control variability relative to the
control mean. Changesin test acceptability criteriaandintest protocolsimproved the consistency of control
performance quantified by the reduction in the interquartile range of the control CV Pre-1995 (IQR=15
percent) and Post-1995 (IQR=10 percent).
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TableF-1. PM SD and Control Organism CV
PM SD Cv

Pre Post Pre Post
1995 1995 1995 1995

# Tests 4110 5471 2478 3401
Min 0.055 0.049 0.033 0.034
Max 0.839 0.676 0.835 0.400
Median 0.212 0.160 0.155 0.133
IQR 0.164 0.118 0.150 0.103

10" Percentile 0.105 0.095 0.078 0.077
25" Percentile 0.142 0.116 0.103 0.097
50" Percentile 0.212 0.160 0.155 0.133
75" Percentile 0.306 0.233 0.253 0.200
90" Percentile 0.391 0.307 0.343 0.285

F.6 Individual Laboratory Performance

Comparison of effluent data across multiple laboratories provides information about the influence of
program changes on individual laboratory performance. Datafor alaboratory (Lab 1) with low sensitivity
were compared to data from alaboratory (Lab 2) with high sensitivity. Pre-1995 and Post-1995 percentile
valueswere generated for the PM SD combined across all tests for each of the two laboratories (Table F-2).
The performance of Lab 2, represented by the distribution of PM SD, was essentially the same Pre-1995 and
Post-1995. However, the performance of Lab 1 improved, as evidenced by the changes in medians (33
percent to 18 percent), changes in the 90" percentile (46 percent to 32 percent), and the slight decrease in
the width of the interquartile range (13 percent to 12 percent). Additionally, the Post-1995 mediansfor the
two laboratorieswererel atively close (18 percent and 12 percent) percent for Lab 1 and Lab 2, respectively.
A comparison of the cumulative distribution functions for each laboratory indicates that performance was
more consistent across laboratories after implementing program changes (Figures F-2 and F-3).

TableF-2. Lab 1versusLab 2 PMSD

Pre-1995 Post-1995
Labl | Lab2 | Labl | Lab2
# Tests 921 545 1424 466
Min 8.8 55 6.8 55
Max 67.3 48.9 67.6 39.9
Median 335 11.7 18.2 12.5
IQR 13.3 55 11.9 4.4

The distribution of PMSD values within alaboratory compared to distributions in other laboratories
was examined Pre-1995 and Post-1995 (Figures F-4 and F-5). The range in median values across all
laboratories Pre-1995 was 12 percent to 36 percent. Post-1995, the range in median values was 10 percent
to 27 percent, indicating a decrease in the overall spread among laboratories. The range in PMSD values
within alaboratory was 22 percent to 78 percent Pre-1995. The Post-1995 range in PMSD valueswithin a
laboratory compared across laboratories was 17 percent to 61 percent, indicating a narrowing of the range
of values within a laboratory (Table F-3). A similar comparison was made using the control CV as an
indicator of laboratory ability (FiguresF-6 and F-7). Themedian control CV varied across|aboratoriesfrom
9 percent to 30 percent Pre-1995. Post-1995, the median control CV ranged across laboratories from 9
percent to 26 percent, a dlight improvement in the comparability of control CV. Therangein control CVs
within alaboratory was 21 percent to 79 percent Pre-1995, whiletherangein control CVswithin alaboratory
Post-1995 was 17 percent to 36 percent. Overall, laboratories are generating data with more consistency
across, as well as within, laboratories after implementing additional TAC and modifications to testing
protocols.

June 30, 2000 Appendix F-7



Understanding and Accounting for Method Variability in WET Applications Under the NPDES Program

Percentiles Plot

7071~

0 20

40

60
Percentile

80

O Lab1l
VvV Lab 2

FigureF-2. Laboratory 1 versusLaboratory 2 Pre-1995 PM SD

(species: Ceriodaphnia dubia).
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FigureF-3. Laboratory 1 versusLaboratory 2 Post-1995 PM SD

(species. Ceriodaphnia dubia).
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Figure F-4. Individual laboratory performance—Pre-1995 PM SD
(species. Ceriodaphnia dubia).
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FigureF-5. Individual laboratory performance—Post-1995 PM SD

(species. Ceriodaphnia dubia).
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Table F-3. Descriptive Statistics—PM SD
Pre-1995 Post-1995

Lab| N | Min | Max | Range | Median | IQR | N Min | Max | Range | Median | IQR
A 810 6.0, 839 779 17.6 12.6| 1294| 6.4 | 589| 525 20.6 13.7
B 211 86| 59.7] 511 24.8 15.0 83| 10.2| 399 29.7 219 9.6
C 14| 13.7| 356 219 23.9 10.0 16| 125 | 345 221 20.1 11.9
D 6/ 10.6| 332 226 233 9.7 300 96| 339 243 215 9.6
E 80| 65| 435 37.0 16.1 11.1) 115 56| 43.8| 38.3 15.9 13.6
F 130| 69| 69.4| 625 19.1 118/ 293| 6.8| 55.0/ 482 19.5 13.0
G 24| 139 | 450/ 311 222 13.2 38 66| 331 265 13.1 8.4
H 669 6.2| 715 653 23.0 128| 234| 84| 389| 305 19.0 114
I 921| 88| 67.3] 584 335 13.3| 1424| 6.8 | 67.6| 60.8 18.2 11.9
J 357 87| 698 611 204 9.7/ 505/ 6.4 | 26.0f 195 10.2 2.5
K 90| 9.7| 555 458 19.7 91 151| 83| 476 39.3 224 10.9
L 20| 22.0| 59.0f 37.0 35.7 12.9 6/ 134 | 301 16.7 27.2 5.0
M 131| 6.4 | 49.9| 435 12.9 50/ 773 49| 403| 353 13.3 6.9
N 545/ 55| 489| 434 11.7 55/ 466/ 55| 399 344 125 44
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Figure F-6. Individual laboratory performance—Pre-1995 CV
(species: Ceriodaphnia duba).
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Figure F-7. Individual laboratory performance—Post-1995 CV
(species. Ceriodaphnia dubia).

Table F-4. Descriptive Statistics—Coefficient of Variation (CV)
Pre-1995 Post-1995

N | Min | Max | Range | Median | IQOR | N Min | Max | Range | Median | IQR
808/0.041 | 0.835| 0.794 0.146 0.129| 1258| 0.043| 0.399| 0.356 0.171 0.136
115/0.062 | 0.511| 0.450 0.182 | 0.173 45| 0.059| 0.361| 0.302 0.178 | 0.092
14/0.092 | 0.334| 0.242 0.222 0.137 16| 0.066| 0.378| 0.311 0.158 0.109
6/0.112 | 0.324| 0.212 0.241 | 0.102 30| 0.074| 0.332] 0.258 0.147 | 0111
79/0.041 | 0.374| 0.333 0.148 0.112| 115| 0.038| 0.400| 0.362 0.111 0.134
121/0.051 | 0.516| 0.464 0.143 | 0.113] 221 0.062| 0.384| 0.322 0.152 | 0.090
15/0.113 | 0.404| 0.291 0.211 0.080 23| 0.050| 0.343| 0.293 0.092 0.059
249/0.055 | 0.610| 0.555 0.188 | 0.140 77/ 0.061] 0.379| 0.318 0.171 | 0.203
297/0.068 | 0.672| 0.604 0.299 0.144| 499| 0.047| 0.399| 0.352 0.127 0.101
139/0.071 | 0.596| 0.525 0.172 | 0.098] 170/ 0.054| 0.222| 0.168 0.092 | 0.025
62/0.046 | 0.564| 0.517 0.173 0.093 89| 0.047| 0.392| 0.345 0.180 0.104
18/0.138 | 0.571| 0.433 0.271 | 0.190 6/ 0.121| 0.365| 0.245 0259 | 0124
102/0.053 | 0.398| 0.345 0.115 0.056| 500| 0.034| 0.341| 0.307 0.107 0.062
367/0.033 | 0.472| 0.439 0.091 | 0.043| 317 0.038| 0.333| 0.296 0.108 | 0.040
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ANALYTICAL VARIABILITY IN REASONABLE POTENTIAL
AND PERMIT LIMIT CALCULATIONS

Appendix G explains how analytical variability affects calculations used to determine reasonable
potential and permit limits, and how such variability affects WET measurements. The appendix also
considerssuggested approachesto adjusting the reasonabl e potential and permit limit cal cul ationsto account
for analytical variability. Only water quality-based effluent limitations are addressed because different
considerations apply to technology-based limitations. While Appendix G addresses WET variability, its
discussion and conclusionsapply, with obvious modificationsin terminol ogy, to concentrations of chemical
pollutants.

EPA has evaluated methodologies to adjust for analytical variability in setting permit limits. These
methodologies would allow permit limits to exceed acute and chronic wasteload allocations (WLAS),
sometimestwo-fold or more. EPA believesthat such approaches contradict theintent and practice of current
guidance and regulations directed at preventing toxicity. The TSD cal culations were carefully designed to
avoid setting limitsthat allow adischargeto routinely exceed WLAS. Attemptsto usean*adjusted,” smaller
estimateof variability inthefirst step of theeffluent limit cal cul ation (cal cul ating thelong-term averagefrom
the WLA) while using the variability of measured toxicity in the second step (calculating limits from the
LTA), asdoneinthe* adjustment approaches,” will risk setting limitsthat exceed WL As because the second
variability factor islarger than the first. EPA also believes that the TSD statistical approach is adequately
protective. On average, it achieves the desired level of protectiveness that is described in the NPDES
regulations (40 CFR 122.44(d)) and EPA guidance.

Thisreview did not evaluate the “ conservativeness’ of other components of WET limits, such asthe
acute-to-chronicratio (ACR) for WET, the suggested WET criterion values(TUa= 0.3 and TUc = 1.0), and
the methods of calculating the WLA using models of effluent dilution. Instead, thisreview took the WLAa
(or WLAa,c) and WLAC as given and considered the TSD statistical method per se.

G.1 TSD Statistical Approach to Reasonable Potential And Limit Calculations

This appendix provides a simplified description of the TSD approach. That approach is more
compl etely described in the Technical Support Document for Water Quality-Based Toxics Control (USEPA
1991a). Reasonable potential calculations are described in Section 3.3 of that document. The calculation
is only one component of a reasonable potential determination. Permit limit calculations are described in
Section 5.4 and Appendix E of the TSD.

To evaluate reasonable potential or calculate permit limits, one needs a coefficient of variation (CV)
representing the variability of toxicity or apollutant in the effluent discharge. The TSD recommends that
the CV of measured effluent data be used in al reasonable potential and effluent limit cal culations without
attempting to “factor out” analytical variability. The specification of thisCV isat issuein the alternatives
to the TSD statistical procedures discussed later in this appendix.

G.1.1 Reasonable Potential

The goal of the TSD reasonable potentia calculation is to estimate the probable value of an upper
bound (e.g., 99" percentile) of toxicity in an effluent discharge using limited data. For whole effluent
toxicity (WET), data are expressed in toxic units (TU) before calculating the CV. TU = (100/effect
concentration). For chronic toxicity, TUc = 100/NOEC or 100/IC25. For acutetoxicity, TUa= 100/LC50.
The TSD calculations assume that effluent toxicity values follow a lognormal distribution, at least
approximately. There is abundant evidence supporting the lognormal distribution, but the TSD aso
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acknowledges that other distributions might be found more appropriate if sufficient data can support the
finding.

The sample CV of effluent monitoring datais obtained in TU. If there are fewer than ten data points,
the TSD recommends adefault CV of 0.6. The TSD recommends basing acalculated CV on at |east ten data
points, collected at the same time intervals as intended for monitoring.

Even if there are fewer than ten data points, the maximum value for the data (e.g., TU,,,) is used to
calculate a projected maximum value. A nonparametric, upper tolerance bound is calculated to infer the
population percentile represented by TU,, with probability P: X, = (1 - P)'". For example, with
probability 0.99 the largest of five observations will exceed the 39.8" population percentile: (1 - 0.99)Y° =
0.398. Next, the ratio between this percentile (Xp,, ) and the population 99" percentile is estimated using
moment estimators for alognormal distribution:

Reasonable potential multiplier = X,/ Xp = €Xp(Zge 0 - 0.50%) / exp(Zp0 - 0.56%).

Here, o? isestimated aslog(1 + CV?), using the default CV if necessary. The maximum projected valueis
the product of the observed TU,,,, and the reasonable potential multiplier. Thisvalue may be compared to
the WLA, which is based upon the criteria continuous concentrations (CCC) or criteria maximum
concentration (CM C) and the appropriatedilutionfactors(if applicable). The projected maximum valuealso
may be multiplied by adilution factor and compared directly to the CMC or CCC (TSD Section 3.3, Box 3-
2). The TSD recommends using TUa= 0.3 and TUc = 1.0 either as numeric toxicity criteriaor asameans
of interpreting the narrative “no toxicsin toxic amounts’ criteria.

G.1.1.1 Permit limit calculation

Thefirst stepindetermining theappropriatewater quality-based effluent limitsfor an effluent discharge
isto calculate wastel oad all ocations WL Aaand WL Ac that correspond to the water quality criteriafor acute
exposures and chronic exposures or the ambient values used in interpreting narrative criteria (e.g., no
discharge of toxic pollutantsin toxic amounts). Thisstepisdistinct and separate from the“ statistical” steps
for calculating permit limits or reasonable potential. The WLAsare“givens’ inthe statistical calculations.

WLAa and WLACc are found through either a direct steady-state calculation or a dynamic model
simulation. In either case, any applicable mixing zone and critical stream flows are taken into account. For
WET, WLAa s converted to WLAa,c using an ACR. WLASs must not be exceeded if the water quality
standards of the receiving water are to be met.

The essential idea behind setting a permit limit using the TSD approach is to find the lognormal
distribution (i.e., its mean value or LTA) that would allow no more than a specified percentage of single
observations to exceed the WLAa and no more than a specified percentage of the 4-day averages of
observationsto exceed the WLAc. If thispercentageisset at 1 percent, for example, then the 99" percentile
of single observations must not exceed the WL Aa, and the 99" percentile of 4-day averages must not exceed
theWLAc. The4-day averaging period comesfrom thetypical definitionsof chronic exposure andthe CCC.
TheCV hasalready indirectly specified thedistribution’ sstandard deviation. Together, theCV andtheLTA
specify the appropriate distribution completely.

Thecalculationswhich lead to findingthe LTAa,c and L TAc (corresponding to the WLAaand WLAC)
work inthefollowing manner. Theratio betweentheLTA and apercentile (X;) iscalled avariability factor
(VFp). TheVFiscalculated from the CV, the percentile (95" or 99"), and the averaging period [1 day (no
averaging) or 4 days).
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Thus, LTA = X,/VF
If we set X, equal to the WLAa, wefind:

LTAacC
and LTAC

WLAR/ VFeg 14
WLAC/ VFog 448

Thesmaller of thetwo LTAsisselected asthe LTA used to calculatealimit. Thisstep assuresthat the
limitswill exceed neither the WLAa nor the WLAC.

Having selectedthesmaller LTA, theVFcalculationisreversed. Followingthe TSD recommendations,

“Maximum Daily Limit” (“MDL") = LTA * VFgq 1.4
and
“Average Monthly Limit” (“AML") = LTA * VFg n.ga
(based on N observations)

Notethat in cal cul ating the averagelimit the TSD recommends using a95" percentile (rather than a99"
percentile) and the number of observations N for averaging may be less than four (although the TSD
recommends N > 4 for purposes of calculating average limits). Limits calculated using the TSD-
recommended approach are always equal to or less than the WLAa and WLAC.

G.1.1.2 Analytical variability in the TSD procedures

Analytical variability isapart of the variability of measurements used to analyze reasonable potential
and set water quality-based limits. All componentsof variability that will enter into the permit devel opment
process are included in the measurements and calculations used to evaluate reasonable potential and set
limits. Thisinsuresthat the WLA is not exceeded.

Some laboratories have suggested alternative statistical calculations to EPA. Sections G.3 and G.4
discussthese approaches. These aternative calculations, however, would allow limitsto exceed the WLA.
When a sample effluent toxicity equalsthe WLA exactly, analytical variability would be expected to cause
tests to exceed the WLA about half thetime. Limits set above the WLA could allow routine exceedances
of the WLA. Incontrast, limits set using the TSD approach will provide some margin of safety between the
limit and the WLA, guarding to some extent against analytical variability. On average, the TSD approach,
employing the CV of measurements, is expected to ensure that the WLA is not exceeded when measured
toxicities remain within the limits.

G.2 Background on Analytical Variability and Variability of Measurements

This section describes how analytical variability may cause the variance (6%) of measured values to
exceed thevariance of toxicity. Thisdiscussionwill assumethat WET testsfor one discharge are conducted
by onelaboratory. Thus, “analytical variability” herewill refer towithin-laboratory variability (repeatability)
of WET test resullts.

G.2.1 Components of Measurement Variability

The variance of monthly or quarterly measurements of effluent toxicity depends on at least two
components: the variance of the toxicity, which changes over time, and the variance owed to the analytical
process (including calibration, if applicable). One could also distinguish a third component—sampling
variance—if simultaneous samples differ in toxicity. Herein, this component will not be examined
separately, but is combined with the variance in toxicity over time.
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A direct way to estimate the analytical component of variability is to analyze the same sample of
effluent on different occasions so that the anal ytical method isthe only source of measurement variance. The
sample must be measured on different days because real samples are measured at intervals of weeks to
months and the analytical process can change subtly over time. Unfortunately, effluent samples may not
retain the same toxicity for long. Therefore, saving a batch of sample and analyzing it once a month for
several monthsmay over-estimateanal ytical variability. Analyzingtwo or three subsamplesonthesamedate
may underestimate anal ytical variability because the measurement system changes between sampling dates.
The organisms, laboratory technicians and procedures, and laboratory materials may all change subtly over
time. It would be reasonable to design a study that measures analytical variability in both ways, using
effluent subsamples on one occasion and using the same (stored) effluent sample on separate occasions,
attempting to bracket the correct value of analytical variance. EPA is not aware of any such studies.
Reference toxicant samples are expected to have the same potency on different occasions and are used
routinely for laboratory quality assurance of WET test methods. This document summarizesthe variability
resulting from repeated (usually monthly) WET testing of referencetoxicant samplesin the samelaboratory.

G.2.2 Effect of Analytical Variability on Measured Values

Because of analytical variability the probability distribution of measured valuesY is“wider” than the
distribution of true values X. Thus, the mean and high percentiles of measurements will exceed the
percentiles of the true values.

One component of the variance of measurements is analytical variance. Simple but plausible
assumptionslead to the equation V, =V + V. Inother words, the variance of ameasurement Y (toxicity)
is the sum of the variances for toxicity (V) and the analytical variance (V,). When this equation is
approximately correct, then one suitable estimate of V is (Vy - V,), where the parameters V, and V, are
replaced by their sample estimates. This estimate may be biased (i.e., inaccurate) to some degree. Similar
reasoning about the mean (EY) leadsto EY =EX. ThenV, =V, +V, canbedivided by EX?to give CV,?
=CV,*+CV,2. Thisreasoning requirestwo assumptions; varianceis constant and unrelated to the mean,
and there is little or no correlation between X and the magnitude of the analytical error. When X is
distributed lognormally, these assumptions are not true, but may be suitable for transformed values like
log(Y) and log(X).

G.2.3 Analytical Variability and Self-monitoring Data

EPA determines compliance with alimit on the basis of self-monitoring data. No specia allowance
ismadefor analytical variability. Thisisaccounted for by the TSD statistical procedures used to determine
the need for limits and calculate permit limits.

The permittee must ensure that the toxicity in the discharge is never great enough to result in a
compliance measurement that exceeds the permit limit. The maximum discharge toxicity allowed by the
treatment system must incorporate amargin of safety to account for the sampling and analytical variability
that attends compliance measurements. |n other words, to avoid exceedances of alimit, atreatment system
will be designed so that the maximum discharge toxicity is somewhat lower than the permit limit. Most
industrial and municipal treatment facilities should be able to implement such adesign. When they are not,
appeals based on fundamentally different factors and economic hardships may be feasible.

G.2.4 Imprecision in WET Estimates, Reasonable Potential Determinations and Limits

Although WET tests provide protection against false positives, the estimates (NOEC, EC25, L C50)
from WET tests, like all estimates based on limited data, are imprecise. That is, the exact level of toxicity
inasampleisestimated with “error” (imprecision). Thisimprecision can bereduced by providing asuitable
number of organisms and replicates for each test. The numbers required for EPA WET method test
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acceptability are minimums. Test precision will be approximately proportional to the square root of the
number of replicates. Thus, adoubling of replication may increase the precision of atest endpoint response
(survival, growth, reproduction) to roughly 70 percent of its former level. For example, consider these
calculationsfor fathead minnow growth (USEPA 19944, pp. 102-105): the standard error of the difference
between atreatment and the control is Swv/ (1/n; + 1/n.), which in one test took the value (0.0972)v (1/4 +
1/4) = (0.0972)(0.707) = 0.0687. If the root mean squared error Sw had been the same but the number of
replicateshad been doubled, the standard error would have been 0.0486. Dunnett’ scritical valuewould have
been 2.24 instead of 2.36, and the MSD 0.109 instead of 0.162. With a doubling of replication, the test
would be able to detect a 16-percent reduction from the control rather than a 24-percent reduction.

For reasonable potential and limit calculations, WET data are accumulated over a year or more to
characterize effluent variability over time. This sampling program may not fully characterize effluent
variability if too few samples are taken, if the sampling times and dates are not representative, or if the
duration of the sampling program is not long enough to represent the full range of effluent variability. For
reasonabl e potential and limits, the key quantity being estimated is the variance (or CV). A large number
of samples is required to estimate a variance or CV with much precision. Confidence intervals for the
variance and CV can be calculated easily and carried through the calculations for reasonable potential and
effluent limits (Section G.1). Even when assumptions are not strictly met, this information may provide a
useful perspective on the uncertainty of the calculation.

G.2.5 Between-laboratory Variability in Reasonable Potential and Permit Limit
Calculations

It is inappropriate to use estimates of between-laboratory variability in calculations of reasonable
potential and permit limits. Such estimates do not represent the variability affecting measurements of
effluent discharge toxicity. In most cases, only one laboratory will produce the data for one discharge. In
some cases, there will be a change of laboratory over time, which needs to be handled case-by-case. Using
estimates of between-laboratory variability to represent the analytical component of variance for one
dischargeisequivalent to assuming that each new sampleissent to anew laboratory selected at random from
the population of laboratories conducting the test method. This approach does not occur in practice.

Between-laboratory differences in test sensitivity are important and need to be addressed. To some
extent, apparent differencesin sensitivity between laboratories (Warren-Hicks et al. 1999) may be owed to
severa factors, including use of unstable reference toxicants like SDS (Environment Canada 1990), errors
in calculating and recording stock concentrations (Chapter 3 of the Variability Guidance, SCTAG 1996),
differences in dissociation and bioavailability of metal ions, comparisons of non-comparable ionic forms
(e.g., potassium chromate versus potassium dichromate, SCTAG 1996), use of different waters, health of
organisms, and varying techniques.

Within-laboratory variability should be reflected in regulatory calculations. |f the databeing used for
reasonable potential or permit limit calculations consist of effluent measurement data reported by two or
more laboratories, there are ways to account for between-laboratory differences:

» If the same laboratories are used in the same proportion or frequency, and the measurements for
different laboratories represent different sampling dates, the measurement data may be treated as
if they come from one laboratory. This may increase the estimated variance and the average
monthly limit, which is not in the interest of the permittee. It would be better to select one
laboratory, based on the variance of its reported reference toxicant test results.

» If only onelaboratory hasreported dataon each date, with the different laboratorieseither reporting
over different time spansor over the same time span on aternate dates, EPA recommendsapooled
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estimate of variance. Calculate the sample variance S* for log(TU) separately for each laboratory,
and combine the datain the following formula:

pooled variance of log(X) =[(N; - )S?+ (N, - 1)S, / [(N; - 1) + (N, - 1)]

(i.e., the analogous formula for more than two laboratories). The same result can be obtained by
conducting a one-way analysis of variance on log(X) and using the mean squared error. This
approach would be undesirableif the different laboratories sampled times or time spans that were
known or expected to differ inthe average or variance of TU. Inthat case, onewould pool thedata,
treating it asif it had come from one laboratory (see above).

A change of testing laboratory by a permittee may result in achange in analytical (within-laboratory)
variability of measurements and a change in “sensitivity.” The average effect concentration may change.
Theremay be between-laboratory differencesin sensitivity to sometoxicants, such asmetals (Warren-Hicks
et al. 1999).

Ideally, a permittee will anticipate a change of the testing laboratory. Permittees should compare
referencetoxicant test datafrom current and candidate replacement laboratories, selecting alaboratory with
acceptable variability and a similar average effect concentration. Regulatory authorities should compare
reference toxicant data for old and new laboratories when interpreting a series of WET test results that
involves a change of laboratory.

Some areas may help reduce laboratory differences in average effect concentration for the same
reference toxicant test protocol. These include standardization and reporting of stock culture conditions
(such asloading, age structure, age-specific weight, and other conditions), standardization of dilution water
for referencetoxicant tests, and reporting to verify such practices. Other areasfor consideration includetest
protocols, test acceptability criteria, and dilution water. Another approach that could be evaluated further
is conducting a reference toxicant test with each effluent test, and normalizing the effluent response using
the toxicant response.

G.3 Adjustment Approaches To Account For Analytical Variability in Setting Permit
Limits

G.3.1 Adjustment Approaches To Account for Analytical Variability

Methods have been proposed for determining reasonable potential and calculating permit limits by
adjusting the cal culations based on analytical variability. The more general principles are discussed here,
details of these methods are outlined in Section G.4. Thefocus of these discussionsisthe limit calculation,
although similar principles apply to the reasonable potential calculation.

Theideabehind the proposed “ adjustment methods” for cal culating water quality-based effluent limits
isto estimate the distribution of toxicity values using dataon measured effects concentrations and anal ytical
variability, and then to factor out analytical variability from some stepsin the process of calculating limits.
In proposed adjustment methods for calculating effluent limitations one would (1) estimate the variance of
effluent concentrations (this entails subtracting an estimate of the analytical variance from the variance of
effluent measurements, e.g., V, =V, - V,, or an equivaent calculation using CVs); (2) calculatethe LTAa
and L TAc using the TSD approach and the adjusted variance V; and (3) calculate the limit (from the lower
of the two LTAS) using the variance of measurements V.. Because the V. necessarily exceeds V, these
methods would result in limits that would exceed cal culated WL A, depending on other assumptions made
inthelimit calculations. Asaresult, thedischargemay allow instream WET to routinely exceed thecriterion
limits, a condition that should not occur.
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G.3.2 Adjustment Equations

As noted above, the adjustment approaches are based on the TSD statistical approach, modified to
subtract analytical variability fromthe LTA calculation. TheseapproachesrefertoV, asthe“true” variance.
In what follows, the sample estimate of V is $ 1. Thus, § 16 = S yess - Sanay (Where S* is the sample
estimate of variance) isused to calculatethe LTAsand $?,, iS used to calculate the limits from the smal lest
of thetwo LTAs. The TSD equations as applied to WET would be adjusted as follows:

Whenthe LTAacisthesmallest LTA,
MDL = WLAAC* (VFgg 1.4y, meas! V Foo, 1-day, True )
AML = WLAAC* (VFgs nday, meas! VFoo, 1-day, True )

When LTAc isthe smallest LTA (and assuming that the chronic criterion is a 4-day average)

MDL = WLAC* (VFog 1.y, meas! V Foo, a-ciy, True )
AML = WLAC™* (VFgs n-day, meas | VFoo, a-day, Tre )
whereN = samples/month (for purposes of AML calculation)

The VF (variance factor) is the ratio of a percentileto amean, in this case for the lognormal distribution.

€XP( Zgg Sieas = 0.55 ens)

exp( 299 STrue - 0582 True )

exp( ZQS Sn—day, Meas ~ 0582 n-day, Meas)
exp(ZQQ S¢day, True ~ 0582 4-day, True )

V l:99, 1-day, Meas
V F99, 1-day, True
V l:95, n-day, Meas

V F99, 4-day, True

while Sues = log(l+CV?3,)
82 True — |Og(l + CVZTrue)
Sz N-day, Meas = |Og(l + CVZMeas/N)
or Sndymes = Smes/N=log(l+CV?e) N
Sz 4-day, True = |Og(l + CVZTrue/ 4)
or Sz 4-day, True = 82 True /4= |Og(1 + CVZTrue) 14

G.3.3 Conseguences of Adjustment Approaches

As an example of the consequences of applying an adjustment methodology to water quality-based
effluent limit calculations, one may consider the following scenario. In this scenario, such a methodology
would allow calculation of an average monthly limit (AML) exceeding the chronic WLA (afour-day average
value) evenwhen sampling frequency for the cal cul ationis set at therecommended minimum of four samples
per month. It is acceptable for the MDL (a single sample) to exceed the chronic WLA or for the AML to
exceed the chronic WLA if the AML calculation is based on less than four samples per month. Note,
however, that the TSD recommends always assuming at least four samples per month when calculating the
AML.

Table G-1 below offers an example of MDLs and AMLs calculated using the TSD approach and an
approachthat adjuststhe CV for analytic variability. Thisadjustment would allow effluent limitsthat exceed
the WLA onthe premisethat analytical variability tendsto make measured valueslarger than actual effluent
values. Thus, thisapproach assumesthat the*“true” monthly average would be below the WL A c even though
the limit and the measured monthly average may be above the WLAC.

EPA believesthat these assumptionsareinvalid. Therefore, EPA cannot recommend an approach that
makes such assumptions as part of national guidance to regulatory authorities. EPA is not recommending
national application of an “adjustment approach” to either reasonable potential or effluent limit calculation
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procedures. EPA continuesto recommend the TSD approach, which ensuresthat effluent limitsand, thereby,
measured effluent toxicity, are consistent with calculated WLAS.

Table G-1. Sample Effluent Limit Calculations Using EPA’s TSD Approach and
an Adjustment Approach (USEPA 1991a)

WLA, Probability Basis Approach LTA, MDL AML

10 MDL = 99" percentile TSD 44 17.6 7.7
AML = 95" percentile

10 MDL = 99" percentile | Adjustment 6.43 25.8 11.2*
AML = 95" percentile | approach

10 MDL = 99" percentile TSD 44 17.6 9.99
AML = 99" percentile

10 MDL = 99" percentile | Adjustment 6.43 25.8 14.6 *
AML = 99" percentile | approach

Assumptions.  Chronic LTA/WLA controls calculations, WLA = 99" percentile probability basis, n = 4
(sampling frequency for AML calculation), Total CV = 0.8 and Adjusted CV = 0.4 are
used in calculations.

(*) These numbers exceed the WLAC.

G.3.4 Related Concerns

Inadditionto addressing thedifferencesbetween measured and “true” val uesinthereasonable potential
and effluent limit calculations, related concernsregarding WET testing and the water quality-based effluent
permits process have been raised as reasons for adjusting the TSD statistical procedures.

G.3.4.1 Compounding protective assumptions

Approachesto“account for analytical variability” by adjusting the cal cul ationsfor reasonabl e potential
and limits usually state that several conservative assumptions are employed. Inthe TSD approach, awater
quality-based effluent limit is the result of three key components: (1) a criterion concentration; (2) a
calculated dilution or mixing-zonefactor; and (3) astatistical cal culation procedurethat employsaCV based
on effluent data. The conservative assumptions cited may involve deriving the criterion concentration, and
assuming dilution and low-flow conditions, in addition to the probability levels used in the TSD statistical
calculations. Evenif theseassumptionswere considered conservative, the TSD statistical procedureremains
valid. Asexplained above, the TSD statistical approach isappropriately protective, provided that the WLA
isaccepted as given. It isinappropriate for regulatory authoritiesto modify the TSD’ s correctly conceived
statistical approach in order to compensate for assumptions intrinsic to derivation of the WLA that are
perceived as over protective. Therefore, EPA does not believe that it is appropriate to adjust the TSD
statistical methodol ogy for conducting reasonabl e potential and cal cul ating permit limitsto addressconcerns
about how WLAs are cal cul ated.

G.3.4.2 Test sensitivity and method detection limit

EPA does not employ method detection limits (MDLs: 40 CFR part 136 Appendix B) for WET
methods. For effect concentrations derived by a hypothesistest (LOEC and NOEC), the alphalevel of the
test provides one means of providing afunctiona equivalent of an MDL. The hypothesistest prescribed in
the method providesahigh level of protection from “false positives.” For point estimates (ECp, |Cp, LCp),
a valid confidence region provides the equivalent of a hypothesis test. EPA will provide clarification
regarding when confidence intervals are not or cannot be generated for point estimation procedures,
including thel Cp procedure. Thisvariability guidance citesrecommendations (Chapman et al. 1996a, Baird
et a. 1996, Bailer et a. 2000) regarding aternative point estimation methodol ogies.
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While protecting against false positives, hypothesis tests and confidence intervals, will provide little
protection from toxicity unless the test method is designed to detect a suitable effect size. The two most
commonly used chronic testsareincapabl e of routinely detecting effects of 20 percent to 30 percent (Denton
and Norberg-King 1996) when employed by many laboratories using the minimum recommended number
of replicates and treatments. To provide suitable test sensitivity, regulatory authorities should consider
requiring more replication, a suitable minimum significant difference (MSD), or suitable effect sizes and
power, particularly for the control and IWC test concentrations (e.g., Denton and Norberg-King 1996;
Washington State Department of Ecology 1997, Ch. 173-205 WAC). It may be desirable to specify that a
statistically significant effect at the IWC must exceed some percentage difference from the control before
it is deemed to have regulatory significance. Combining these approaches, an effective strategy would
require that a test consistently be able to detect the smallest effect size (percent difference between the
control and the WC) that would compromise aguatic life protection, and to disregard very small, statistically
significant effects. To further these ends, this guidance document sets an upper limit to the value of
M SD/(Control Mean), defining the maximum acceptable value. Thisdocument also setsalower limit to the
effect size, defined by 100x(Control Mean - Treatment Mean)/(Control Mean), which can be regarded as
“toxic” in apractical sense (see Section 6.4).

The aphalevel of a hypothesis test or confidence interval cannot be decreased from that level (o =
0.05) recommended for WET methods without sacrificing test power and sensitivity of the method. Alpha
should not be decreased without a corresponding increase in sample size that would preserve the power to
detect biologically significant effects. EPA will issue guidance on when the nominal error rate (alphalevel)
may be adjusted in the hypothesis test for some promulgated WET methods (USEPA 20004).

G.4 Technical Notes on Methods of Adjusting For Analytical Variability

This section describes and comments on several adjustment methodologies suggested to EPA as
alternativesto the TSD statistical calculations.

G.4.1 Notation

Explanations may help clarify the notationsin this section. The symbolsV X, V[X], and ¢% all mean:
the variance of X. Standard deviation (oy) is the square root of the variance. The mean (average) is
symbolized as EX and also as .

When X islognormally distributed, thereisapotentia for confusing the mean and variance of log(X)
with the mean and variance of X. Typicaly (and in the TSD), when X is lognormally distributed, the
parameters will be given for log(X) as follows. X ~ Inorm( 4, o ). Thisisread as “X is distributed
lognormally with the mean of log X equal to pu(mu) and the standard deviation of log X equal to o (sigma).”
Better notation would be X ~ Inorm( Wegx, Oi6ex ); recommended termsfor the parametersare mu-logX” and
“sigma-logX.” The mean and variance of X for thisdistribution are

EX = exp( Miogx + 0.5% 0% g )
VX = eXp( 2% Higgx + 0iogx ) * [ €XP(0%0x) - 1]

Hx

0%y

To avoid confusion, the symbols EX and VX are used in preference to Ly and o to signify the mean
and variance of X. Usually, mu and sigmaare used only as symbols for the mean and standard deviation of
log(X), that is, W and o,.4x, inthe context of lognormal distributions. Below, W,y and o, areabbreviated
topand o, withthe addition of subscriptslike® Effl” and“Meas” to further distinguish theintended quantity.

CV may be used to symbolize parametric values or their sampl e estimates, with the meaning indicated
inthe text. Symbols S , Sy » AN Say Will represent sample estimates of variances 0% ,x g » 0%0gx.

2
Meas 1 and Y logX, Analy*
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G.4.2 General Comments on Analytical Variance as a Component of the Variance of
Measurements

Two simple models lead to the same equation. The first model assumes that each measurement Y is
the sum of a concentration X and an analytical error €, thatisY = X + €. The analytical error e may be
positive or negative and has mean zero and variance V,. X and € are uncorrelated. (This is a strong
assumption; it may be approximately correct only for some transformation of the data) ThenV, =V, +
V,. The second, hierarchical, model assumesthat X follows a distribution P, with mean and variance E,
and V. Eachmeasurement Yt (t indexesthetime of measurement) followsanother distribution having mean
Xt and variance V,. V, isassumed to be constant, independent of Xt. (Thisisastrong assumption which
may be approximately correct only for some transformation of the data.) Then, it can be shown that V., =
Vy + V,. The same models and assumptions lead to EY = EX. These models and assumptions are not
correct when X islognormally distributed. Inthat case, the model smight providereasonabl e approximations
to the behavior of log(X) and log(Y). If EY = EX and V, =V +V, are both correct, thenV, =V, + V,
can be divided by EX? to give CV,? = CV,? + CV,2 In this case, the parameters V, and CV,? might be
estimated by using sample estimates in the expressions (V, -V,) and (CV,? - CV,?), respectively. Such
estimates will be somewhat biased.

G.4.3 Commonwealth of Virginia Approach

The Commonwealth of Virginia Toxics Management Program Implementation Guidance (1993)
(revised on August 25, 1994) prescribes amethod of accounting for analytical variability of WET data. A
synopsis of the method follows. Symbolic notation has been changed; the numbered “steps’ below were
created for this synopsis.

1. Obtainthe CV of WET monitoring data. Thiswill be 0.6 (default value) if fewer than ten dataare
available. If thereareat least ten data, acomputer program (described in Guidance Memo 93-015)
isused. “ Only acutetest data are considered here becausethe LC,, isa statistically derived point
estimate from a continuous data set. Also, the LC.,smust bereal numbers. Valuesreported as‘>
100%' should not be used in the calculation. ... Enter either LC,,sor TU,s for the most sensitive
speciesinto the program.” [Commentson Step 1: LC50 and TU values are not equivalent; they
will not have the same CV values. The exclusion of “>100%" valueswill tend to biasthe CV of
TUstoward larger values.]

2. Calculate S’ et = Siogx, mes T Siogx, andys USING Siogx anay = 0.20. 1f CVy e < 0.47 (implying
that Sogx. meas < 0.20 = S5 anay)s INStead USe S ,x e = Siogx, meas: (These subscriptsare not used
intheGuide.) Thevaluefor ', anay iSbased ondataprovided by several |aboratoriesconducting
tests for Virginia permits for the five most common species, using cadmium chloride as the
reference toxicant. The Guide states that these data yielded a geometric mean CV, of 0.47, and
0.20 = In(1 + 0.47%); the last formulais the relation between the parametic variance and CV of a
lognormal variate. [Commentson Step 2:  The calculations should employ sample variances of
log(TU), not sample CVs, in the interest of accuracy and precision. The estimate S, g iS @
discontinuous function, decreasing toward zero as Sy, ves decreases toward 0.2, then jumping
to 0.2 and decreasing again toward zero as S, wes decreases further. The default value of
Sogx, e becomes In(1 + 0.60°) - In(1 + 0.47%) = 0.11.]

3. CalculateLTAacand LTAcasinthe TSD, using Sy« e instead of S« wes @Nd using Zg,, the
97" percentile Z-statistic, instead of Zy,,. WLA and LTA valuesarein unitsof TUc. The smaller
of LTAacand LTAcisseectedasLTA,,,.
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4. Calculatethe“MDL” limit from LTA;, asin the TSD, now using o5, wmess ather than S« e
and still using the 97" percentile Z-statistic. No procedure is described for a limit of averages
(“AML™).

By using thisprocedure, the WL Aa,c may be exceeded whenthe CV of measurementsexceeds0.47
(because then the estimate S, et < Siogx, mess)- The maximum ratio of Limit to WLA occurs
when the CV of observations is just over 0.47, when the ratio of Limit to WLA isjust over 2.
Numerical evaluations (Table G-2) show that the daily limit can exceed the WLAa,c. The daily
limit (DL or MDL) should be compared to the WLAa,c. It is not unusua for the daily limit to
exceedtheWLAcwhen LTAcissmaller than LTAa,c. Thisoutcomedoesnot necessarily indicate
aproblem. Instead, the regulatory authority should comparetheaveragelimitto WLAcinthiscase
(see “Modified TSD Approach” below).

Table G-2. Numerical Effect of State of VirginiaWET Limit Calculation on Ratio
of Daily Limit to WLA

Ratio of Daily Ratio of Daily

CV yeas S St adayaverage || LiMit toWLAa,c | Limitto WLAc

0.10 0.01 0.00 1.00 1.09

0.20 0.04 0.01 1.00 1.19

0.30 0.09 0.02 1.00 1.27

0.40 0.15 0.04 1.00 135

0.45 0.18 0.05 1.00 1.38
0.470 0.1996 0.0538 2.097 1.393
0.471 0.0004 0.0002 2.026 2.042

0.50 0.02 0.01 1.65 1.87

0.60 0.11 0.03 1.39 1.76

0.70 0.20 0.06 1.28 1.74

0.80 0.29 0.09 122 172

0.90 0.39 0.13 1.18 171

1.00 0.49 0.17 1.16 1.70

The State of VirginiaGuide, Appendix D, also states: “Becausethe statistical approach evaluates
both acute and chronic toxicity of the effluent, only one limit is necessary to protect from both
acute and chronic toxicity. Thelimit isexpressed only asa maximum daily limit (MDL) because
the frequency of monitoring will typically be less than once per month. If the testing is to be
monthly, then the MDL can also be expressed as an average monthly limit (AML).” [Comment:
asingle MDL limit is not as protective as the combination of limits, one for single observations
(MDL) and another for averages (for example, the quarterly or annual average). Refer tothe TSD
(USEPA 19914, Section 5.3).]

G.4.4 Rice Approach

James K. Rice's unpublished draft, “Laboratory QC and the Regulatory Environment: Relation
Between Method Performance and Compliance” prescribesamethod of accounting for analytical variahility
of WET data. The document was provided with a notation that the typescript was originaly submitted to
EPA as a comment on the draft “TSD,” presumably in the period 1989 to 1991. A synopsis of the method
follows. The numbered “steps’ below were created for this synopsis. Calculations and symbols have been
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simplified. Thissynopsisomits many detailed observationsthat provide context and guidelinesfor readers
intending to apply Rice's method.

1

G.4.5

Obtain the CV of WET monitoring data (measured values), and the CV of the analytical method,
insymbolsCVy e @nd CVy pnqy. Samplesizeisnot addressed, but thetext indicatesthat “alarge
number” of measurements are needed to characterize variability and bias.

Solve for CVy gy iN CVy e = CVix anay” + CVx tes + (CVx, ey’ CVx e ), after substituting
the sample estimates of CVy e’ @nd CVy ana,”. Thus, solve

CVy ein° = (CVx mews - CVX,AnaIyZ) I(1+ CVX,AnaIyZ)'

[Comment: Thisformulaassumesamodel such asMeasurement = (Concentration* Recovery),
with multiplicative errors for Concentration and Recovery. This is one plausible model,
especialy for datathat aredistributed lognormally. Another plausiblemodel would leadto the
formula CVy e = CVy anay” + CVx e -]

Calculate LTA values as in the TSD, using CVy g instead of CVy e and use Zg,, the 99"
percentile Z-statistic. First calculate 0% g = IN(1 + CVy g°) for the variance of log(TU), and
0% ogx, i, = IN(L+ (CVy g%)/n) for an n-day average. Then LTAgy, = WLA * exp( 0.50% og g, n -
Zp Oogx. ern1,n)- RiCEthen calculates LTA . = (R/100 ) * LTA, where R is the percent recovery
of theanalytical method. [Comments: Many chemical methods are now calibrated instrumentally
so that E[R] = 100 percent. It will be assumed herein that R = 100 percent for WET methods.
Thereis no discussion of, or accounting for, the sampling error (the uncertainty) that attends the
estimates of R or o2, of the sample sizes required to estimate these well. The example does not
encompass the derivation and comparison of acute versus chronic LTAS using estimates of the
variance of single observations and averages and selection of the smaller one, asinthe 1991 TSD.
Rice’ smethod could easily be modified for the current TSD approach (see for example, the State
of Virginia method, above).

Calculatethe MDL and AML limitsfrom the LTA asinthe TSD, now using 0% ,x wess Father than
0%0gx. et » aNd Using the 99" percentile Z-statistic. Thus,

MDL
AML,

LTAmeas * exp( '0'502Iogx, Meas, 1 + ZP Ologx, Meas, 1 )
LTAmeas * exp( '0'502Iogx, Meas, n + ZP 0-Iogx, Meas, n )

Using this procedure, the limits exceed the WLAC.

MDL
AML,

WLAC* (VF g9 1 meas! VF 99 4.6 ) > WLAC
WLAC* (VF g9 o mess! VF 90 4 e ) > WLACiIfn< 4

The AML can exceed WLAC even if n >4, depending upon the variance values. Because the
current TSD approach of comparing LTAa,c and the LTAc had not been devel oped by the time of
Rice' s report, he did not apply his procedure to the WLAa,C.

Amelia River Report

The Amelia River Report (USEPA 1987, Appendix G) describes a similar approach, estimating
oo, 6l = Siogx, meas T Siogx, anaty (Without any provision for the case S wess < Siogx, anay )» Calculating LTA
from WLA using S« e, and calculating the limits using S7ogx wiess -
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G.4.5.1 Modified TSD approach

The methods described above predate the current TSD statistical approach and differ fromit. Asnoted
in the previous section, one could consider how the current TSD statistical approach could be modified to
account for analytical variability using the same principles. The LTAswould be calculated using avariance
estimate S = Syeas - S anay, the smallest would be selected, and limitswould be cal cul ated from the smaller
LTA using S Table G-3 compares the current and modified calculations for whole effluent toxicity.
Numerical calculations appear in Tables G-4 and G-5.

Table G-3. A Comparison of the Current TSD Calculation of Limitswith a
Modification That Takesinto Account the Analytical Variability

M ethod Smallest LTA Limits
TSD statistical LTAac MDL =WLA&,C (VF g 1 vess! VF 90,1 mess ) = WLAS,C
approach AML =WLA&,C (VF g5 n meas! VF 09,1 mes) < WLAB,C
LTACc MDL = WLAC ( VF gg 1 meas ! VF 65,4 meas ) <OF > WLAaC
AML = WLAC (VF g5 meas! VF 00,4 meas ) < WLAC
TSD modifiedto | LTAac MDL =WLA&,C ( VF g1 meas! VF g0.1.em ) > WLAAC
use Sy to AML = WLAA,C (VF g5 n mess ! VF 0.1 &1 ) < OF > WLAgC
caculate LTA
LTAC MDL =WLAC ( VF g 1 meas ! VF g0,4.m ) < WLAC

AML =WLAC (VF g5 n meas! VF 90,4 m ) <Or >WLAC
Symbols for estimates based on data (sample estimates):

e sample variance of natural logs of measured TUs
SzAna,y sample variance of natural logs of measurements on the same or TU
o estimate of variance of natural logs of TUs

2 —
S Effl — SZM% - SzAndy

VFp N oo = EXP(Zp Sexn - 0.5 Szxqu n) estimates the ratio of the P-th percentile to the mean for alognormal
variate: the P-th percentile is exp(i + Z 5 6) and the mean is exp(u + 0.50%). The mean of a 4-day average
of lognormal observations is assumed to be lognormal (Kahn, H.D., and M.B. Rubin. 1989. Use of
statistical methods in industrial water pollution control regulations in the United States. Environmental
Monitoring and Assessment 12:129-148).

The variance estimates may change with and be a function of the TU.

"N" is the number of samples (measurements) intended for use in determining compliance with the average limit,
not the number of data used to calculate the sample variances used in setting limits.

It can be shown that LTAc < LTAa,cimpliesthat WLAc < WLAa.c

For WET, WLAac=WLAa* ACR. Itisassumed that the variance of observations (SZM%) equals or exceeds
the analytical variance (SZAHH,y ). Numerical comparisons appear in Tables G-2 to G-4.

Calculationsin Tables G-4 and G-5 show the numerical effect of adjustment on permit limitsinrelation
to the WLA. These tables show the ratio of the limit to the WLA. For these calculations, $* e Was
caculated as log(1 + CV?e), While S e sasy = 109(1 + CV? o /4), giving slightly different numerical
results than if S e sae = S mess /4 = 109(1 + CV?o) /4. Thefirst formulais prescribed in the TSD, Box
5-2 and Table 5-1. The tables show the combinations of CV values used for CV s and CV 5, The
variance of TUswas calculated as Sy = S s - Sanay USING S e = 10g(1 + CV? ) and S% 5y, = log(1
+ CVZAnaIy)'
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Table G-4. Ratioof MDL to WLA-LTA from WLA and CVg; and Limit from LTA

and CV s
LTAacis Smallest LTAc is Smallest
RatioisMDL:WLAa,c RatioisMDL:WLAc
CV pnaly CV pnaly
CVyes| 0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
0.1 1.25 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00 0.00
0.2 1.06 155 0.00 0.00 0.00 1.28 155 0.00 0.00 0.00
0.3 1.04 117 1.90 0.00 0.00 1.38 147 1.90 0.00 0.00
0.4 1.03 111 131 2.28 0.00 1.48 155 1.69 2.28 0.00
0.5 1.02 1.09 122 1.48 2.68 1.58 1.63 173 1.93 2.68
0.6 1.02 1.07 1.16 1.33 1.65 1.66 1.70 1.79 1.93 2.18
0.7 1.01 1.06 1.13 1.26 147 172 1.76 1.83 1.94 212
0.8 1.01 1.05 111 121 137 177 181 1.87 1.96 2.10
0.9 1.01 1.04 1.10 1.18 1.30 181 1.84 1.90 1.98 2.09
1.0 1.01 1.04 1.08 1.16 1.26 1.84 1.86 191 1.98 2.08

& TheLTA was calculated using the WLA and o The limit was calculated using the LTA and CV g

Table G-5. Ratioof AML toWLA

LTAa,cissmallest LTAcissmallest
ratioisAML:WLAa,c ratioisAML:WLAc
CV sy CV sy
CVyes| 0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
0.1 1.08 0.00 0.00 0.00 0.00 1.08 0.00 0.00 0.00 0.00
0.2 0.80 117 0.00 0.00 0.00 0.96 117 0.00 0.00 0.00
0.3 0.69 0.78 1.26 0.00 0.00 0.92 0.98 1.26 0.00 0.00
0.4 0.61 0.66 0.78 1.36 0.00 0.89 0.93 1.01 1.36 0.00
0.5 0.55 0.59 0.66 0.80 1.45 0.85 0.88 0.94 1.05 1.45
0.6 0.51 0.53 0.58 0.66 0.82 0.83 0.85 0.89 0.96 1.08
0.7 0.47 0.49 0.53 0.58 0.68 0.80 0.82 0.85 0.90 0.98
0.8 0.44 0.46 0.49 0.53 0.60 0.77 0.79 0.82 0.86 0.92
0.9 0.42 0.43 0.45 0.49 0.54 0.75 0.76 0.79 0.82 0.87
1.0 0.40 0.41 0.43 0.46 0.50 0.73 0.74 0.76 0.79 0.83

NOTE: If the AML were set at a 99" percentile value, all ratios would exceed 1.00. It is not surprising that
the ratio in the table for AML islessthan 1, should not come close to one, because the 95" percentile was used
in the second part of the equation. The ratio should be constantly Iess than one in order to protect water
quality criteria.
& TheLTA was caculated using the WLA and . The limit was calculated using the LTA and CV e
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