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ViaE-mail: OW-Docket@epa.gov

Dear Sir or Madam:

The Association of Metropolitan Sewerage Agencies (AMSA) appreciates the
opportunity to comment on the U.S. Environmental Protection Agency’s (EPA or
Agency) draft National Whole Effluent Toxicity (WET) Implementation Guidance
Under the NPDES Program, November 2004 (Draft Guidance). AMSA and its
members have requested additional guidance on WET for years as away to address
some of the implementation issues that arise when WET monitoring requirements
and numeric limits are incorporated into the National Pollutant Discharge
Elimination System (NPDES) permit program.

AMSA’s members have reviewed the Draft Guidance and welcome severa of
EPA’srecommendations. Many of the Association’slong-standing issues, however,
are not addressed, and new concerns have been raised regarding the effect the
guidance may have on current implementation approaches. If the Draft Guidance is
finalized as written, AMSA believes it will hinder current efforts to use improved
WET approachesin many states and will increase the likelihood that dischargers will
receive anumeric WET limit simply due to the statistics of EPA’ s reasonable
potential process.

Over the past 10 years AM SA has supported the use of WET testing as a useful tool
for ng uncertainties in effluent quality and impacts on receiving water biota.
AMSA, however, continues to be concerned about implementing numeric WET
limitations on a pass/fail basis for determining NPDES permit compliance. While
many of AMSA’ s concerns apply to the entire suite of WET methods and endpoints,
the Association’s primary focus continues to beon the use of chronic, sub-lethal
endpoints, where permit compliance or reasonable potential may be more afunction
of the method itself, instead of effluent quality.

1816 Jefferson Place, NW, Washington, DC 20036-2505 - 202.833.2672 - 202.833.4657 FAX
info@amsa-cleanwater.org - http://www.amsa-cleanwater.org
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AMSA'’ s recent advocacy on WET issues hasfocused on a substantive legal challenge of the methods
themselves and on parallel efforts to address WET implementation issues. On the legal front, the U.S.
Court of Appealsfor the D.C. Circuit in December 2004 (Edison Electric Institute, et al. v. EPA), upheld
the WET methods but did note that the WET tests are “ not without their flaws’ and emphasized the
ability of permitting authorities to account for the methods' limitations at the local level. EPA’s Draft
Guidance, therefore, takes on added significance as it must now guideimplementation of the flawed and
variable methods. Several groups have sought arehearing of the WET decision before the D.C. Circuit.
AMSA, however, determined it would not participate in the rehearing process.

Rather, AMSA has chosen to continue a sustained effort toimprove current NPDES permit program
implementation approaches for WET. In April 2003, AMSA met with key Office of Wastewater
Management officials, including Linda Boornazian, Director, Water Permits Division, to discuss some of
the Association’ s concerns with respect to no and low-dilution environments, where the flaws of the
WET tests are exacerbated. It wasin the context of that meeting that AMSA first discussed with EPA
managers its notion of atiered or step-wise approach to WET impl ementation, which isdiscussed in
more detail below.

The April 2003 meeting was intended to be the first of many meetings between EPA and AMSA on the
issue of WET implementation. The WET Coalition had also expressed an interest in meeting with EPA
regularly to discuss various implementation issues concurrent with EPA’ s effortsto develop its Draft
Guidance. Unfortunately this series of collaborative meetings to discuss implementation issues never
materialized and the Draft Guidance failsto addresscritical municipal concerns.

Accordingly, AMSA offers the following comments on the Draft Guidance and supporting documents.

General Comments

National Consistency vs. Sate/Regional Flexibility

One of the goals of the Draft Guidance isto promote national consistency. AMSA understands the
importance of national consistency in the implementation of NPDES permit requirements, but is
concerned that technically reasonable and defensible approaches now being used by states may be
abandoned in an effort to ensure consistency with the Draft Guidance. The language used in the Draft
Guidance that EPA Regions are expected to be consistent with the Draft Guidance and that states are
“strongly encouraged” to follow the Draft Guidance and may need to “revise their current procedures to
fully implement the national recommendations’ is too restrictive and does not seem to allow for
aternative, defensible approaches. Thisdirective to the statesisinconsistent with the D.C. Circuit’s
emphasis on the fact that states have the discretion to set toxicity thresholdsto compensate for local
conditions at the permitting stage. This helps to mitigate the fact that the correlation between laboratory
toxicity and instream impactsisweaker at low levels of toxicity.

AMSA suggests revising the Draft Guidance to further clarify, consistent with the Notice and Disclaimer
(p. 1ii), that it isjust that, guidance, and that Regions and especially states can use other approaches that
aretechnically defensible. The national WET program can consistently apply the same principles and
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concepts (e.g., weight of evidence, accounting for instream exposure, addressing test uncertainty, etc.)
across al programs without going to the level of specificity used in this document.

For exampl e, on page 18 of the Draft Guidance EPA notes that use of the statistical proceduresin the
Draft Guidance with few data points can result in “conservative projections about possible effluent
toxicity and thus may result in unnecessary permit limits.” AMSA agrees and believes that the Agency
needs to be clear that States may use aternatives to those procedures. Many states have been addressing
WET in their permitting programs for years, using avariety of regulatory approaches. Some apply
different statistical techniques, while others use procedures that rely more on professional judgment, after
eva uation of information about the discharges at issue. EPA hasneither shown any basis for believing
that those state programs have failed, nor provided any other reason why those state approaches should
all be replaced with asingle, uniform statistical procedure. EPA should clarify in the Draft Guidance
that states can use alternate approaches as long as they effectively addresstoxic effectson aquatic lifein
the state's waterbodies.

ATrue" Step-wise” Approach Needed

When AMSA met with EPA in April 2003, the attendees of the meeting discussed the concept of a step-
wise or tiered approach to implementing WET limits, specifically chronic, sub-lethal limits. Rather than
establishing a numeric pass/fail limit and then relying on EPA’ s enforcement discretion policy*, EPA and
AMSA discussed the possibility of establishing a non-numeric limit consisting of accelerated follow-up
tests and potential toxicity reduction evaluation (TRE) stepsthat would be triggered by atest failure.
Failure to conduct the additional testing and possible TRE, not the initial failure, would be considered the
violation.

Participants at the April 2003 meeting discussed the feasibility of establishing such a‘narrative limit’
consisting of confirmatory testing and toxicity investigation in lieu of anumeric limit. Although it was
agreed that such a scenario would be harder to addressin NPDES permits, everyone, including the EPA
staff present, agreed that for most cases, with exceptions for obvious (extreme) toxic events, such an
approach could work and would be protective of the environment.

At a subsequent meeting between the WET Coadlition (including AMSA) and EPA, where enforcement
personnel were present, it was made clear that enforcement officialssought aclear limit that would be
easy to enforce. An enforcement official present made it clear that the step-wise approach AMSA and
the WET Coalition had been advocating for would make assessing compliance too difficult and would
not result in awell-defined violation (i.e., atest failure).

The D.C. Circuit’s opinion supports this step-wise approach. Concurring with AMSA and others that
WET tests “will be wrong some of thetime,” the court highlights EPA’s own warning “against using a
singletest result to institute an action for acivil penalty.” EPA’s proposed ‘ step-wise' approach as
outlined in the Draft Guidance, however, misses the point of AMSA and the Court’ s concerns and

! National Policy Regarding Whole Effluent Toxicity, August 14, 1995. The policy states that EPA “does not recommend that the
initial response to a single exceedance of aWET limit, causing no known harm, be aformal enforcement action with acivil
penalty.”
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proposals. While EPA’ s approach requires additional testing to determine whether a TRE should be
initiated following an initial test failure, theinitial test failureisstill aviolation. It wasnot AMSA’s
intent to simply add moretesting. Without defining the requirement to conduct the additional testing and
toxicity evaluation as the actual limit, the EPA approach simply increases the chances of another test
failure. AMSA understandsthat EPA policy statesthat single WET test failures are subject to
enforcement discretion (i.e., no civil penalty), but aviolation isaviolation and AMSA’ s members do not
take violations lightly, regardless of whether acivil penalty isassessed. Assuch, AMSA can not support
EPA’s approach as currently drafted.

Instead, where chronic limits are deemed necessary, AM SA suggests that permits require thefollowing:

1. Exceedance of WET trigger values resultsin increased testing (failures taken together with
other evidence that indicate environmental toxicity would be considered a violation) to
determine the presence of persistent toxicity;

2. Finding of persistent toxicity requires the permittee to begin a TRE within a certain period of
time (to be specified in the permit);

3. Monthly progress reports would be required with each discharge monitoring report to outline
identification and solution of toxicity problem (certain provisions would need to be made for
instances where the source of toxicity can not be determine after a certain level of effort has
been expended).

Failureto follow the permit requirements or ‘ narrative limit’ as outlined above would be the NPDES
permit violation. Thistype of approach is more desirable asit:

1. Resultsinthe actions EPA deems necessary to address the toxicity;

2. |Isfaster and more efficient than current approaches which usually require interaction between
the permittee and regul atory agency before actions are taken; and

3. Doesnot trivialize permit violations.

(Though AMSA’ s approach above differs somewhat from that of the WET Coalition, amore detailed
description of the concept was outlined in a Coalition white paper provided to EPA in 2003)

AMSA acknowledges that EPA has also applied its step-wise thinking to the devel opment of permit
requirements by allowing adelayed WET limit so that permittees have additional time to collect more
information. Though astep in the right direction, this approach still means that a permitteewill have a
limit based on few or no tests and yet be responsible for conducting additional tests in the hope that the
regulatory agency will later remove the limit through a permit modification.

In addition, 18 months isnot enough time to gather the additional data (in some cases, 6 data points,
probably collected on a quarterly basis, to provide an estimate of year-round performance), then review
the data and submit arequest for a permit modification. The state would need to review the request,
prepare adraft permit modification, issue that draft for public comment, review the comments, and then
issue afina permit modification. It issimply not possibleto do al of that in 18 months, when states
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would have to review multiple modification requests for their various dischargers, and would also haveto
continue with their existing permitting efforts. If the permit modifications have not been finalized within
the 18 months, antibacksliding restrictions would apply, and the dischargers could be unable to have the
WET limits removed, even though they have made adequate demonstrations that the limits are not
needed. To avoid that problem, longer compliance schedules should be provided and allowances for
state-specific procedures that permit longer compliance schedul es should be made.

| ssues Associated with Technical Support Document

One of EPA’s stated goals for the Draft Guidance isto restate and clarify, where necessary, elements of
previous Agency guidance, policy, and regulations concerning WET, including the Technical Support
Document for Water Quality-based Toxics Control, 1991 (TSD). The procedures for reasonable potential
determinations and limit derivation calculationsin EPA’s TSD are referred to throughout the Draft
Guidance. However, EPA hasyet to address any of AMSA’slong-standing comments and concerns
regarding elements of the TSD. Since the Draft Guidance relies heavily upon the TSD, AMSA is
reiterating some of these concerns here.

If EPA chooses to rel ease this document without adequately addressing these long-standing issues,
AMSA recommends that EPA provide broad statements in the Draft Guidance acknowledging these
issues and their importance in making defensible permitting decisions, and recommending that
states/regions address them on a site-specific basis.

1. Test and Instream Exposures

Differencesin exposure assumptions between lab and receiving waters and how these assumptions
should impact monitoring frequency and triggers for other actions have not been addressed in the
Draft Guidance despite the fact that stakeholder groups, which included states and EPA staff, have
concluded that excessive margins of safety exist in the WET program. The proceedings of the WET
Pellston Workshop of 1995 state that:

(t)he workgroup agreed that most major concerns about the application of WET test data
arise... fromthe application of toxicity test data to conditions that often do not accurately
reflect test exposure.

The proceedings go on to state that:

(t)he participants at this Wor kshop identified exposure in the receiving system as one of the
mor e important issues limiting the predictive relationship between WET test results and
receiving systemimpacts. One of the fundamental reasons for thisisthe large margins of
safety that are built into discharge permits. The larger the margins of safety, the lessthe
likelihood that an exceedance ofa WET limit would result in an adver se exposure in the
receiving system. Permit requirements that contribute to large margins of safety and to

over estimates of exposure use conservative allowances for dilution, such as basing available
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dilution on the 7Q10 flow, and for the low probability that maximum toxicity will coincide with
such infrequent flows.

Other than reference to the use of dynamic models versus static assumptions for instream mixing,
EPA has avoided thisissue in its Draft Guidance even though EPA staff have agreed that
considerations of exposure in the current program (basically unchanged since 1995) are very
important. Even previous EPA memos and the 1997 WET Stakeholder |mplementation meeting
state that nothing precludes the testing of instream conditions dependent on seasonal variations, but
this Draft Guidance document does not reference these observations. The Pellston proceedings
conclude that “WET testing is an effective tool for predicting receiving system impacts when
appropriate considerations of exposure are considered,” that “[r]egulatory agencies need to
reevaluate the safety margins used in establishing WET requirements,” and that “[t]he significance
of an exceedance of WET limits depends on receiving water conditions, especidly dilution at the
time the exceedance occurs. All exceedances of the same magnitude do not necessarily have the
same receiving system impacts.”

EPA aso held aWET Stakeholder Implementation meeting in 1996. This meeting consisted of
permittees, consultants, state and federal representatives, and |abs broken into several groups to
address several topics. One group was assigned to address exposure issues and AMSA members
participated in this group. Thisgroup, contrary to EPA’ s report on the meeting, reached 100%
consensusthat:

1. WET guidance needsto allow evaluation of discharge-specific, time exposure-related
effects;

2. Duration of exposureintests must equal that instream; and

3. Atwo-tiered test interpretation approach should be adopted where exceedance of a
trigger or limit based on conservative assumptions of exposure isfollowed by an
investigation of the actual exposure at the time of testing to seeiif the trigger or limit
was actually exceeded. If thetrigger or limit was not exceeded at the time of testing
the discharger resumes normal testing. This approach can be balanced by testing more
frequently to reduce uncertainty in representing actual instream exposures. However,
all other points of uncertainty (test variability, species representati veness, duration and
frequency of exposure, etc.) must be addressed before accurate reasonable potential or
compliance determinations can be conducted.

EPA’sdraft WET implementation strategy of 1997 states that EPA proposesto “[blegin to
reevaluate the safety margins (e.g., critical low flows) used for establishing WET requirementsto
increase the confidence in the limits devel oped to predict receiving stream impacts’ and “[p]rovide
guidance to stakehol ders on the appropriate examination of effluent flow and monitoring datain
order to establish arealistic link of exposure assumptionsto permit devel opment.”

Despite numerous recommendations and input from its own staff and other stakeholders, EPA has
offered nothing in its Draft Guidance to help determine if exposure has been appropriately
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addressed in the WET program. For example, adischarger’s outfall achieves acute dilution in less
than one minute following discharge. Since planktonic organisms are used in these tests, the
organisms are only exposed to the effluent at this concentration for seconds, yet the duration of the
testsare 48 hours. The basics of toxicology hold that organism response will increase until it is
maximized (in the case of survival, complete mortality) as duration of exposure increases.
Therefore the response expected instream from the most sensitive organisms, in this example, will
likely be much less than that predicted by these tests. Another issuetied to test durationis
frequency of exposure. Thetests assume that organisms are continuously exposed to the same
concentration of effluent for the duration of the test, but, again, planktonic organisms used in these
tests do not have the ability to maintain their position in the water column (horizontally and
vertically) or inrelation to an outfall. Thelocation of these organismsrelativeto outfallsisa
function of hydrodynamic forceslike tides and currents. The tests do not address this; therefore the
implementation program must address it.

2. Useof Toxicity Units (TUs)

The D.C. Circuit ruled that the use of TUswill result in a"grosdly inflated result” when used to
calculate the coefficient of variation (CV) of data. The CV iscritical to making reasonable potential
determinations and deriving limits. If TUs significantly overestimate the CV they will result in an
overestimation of reasonable potential to exceed or contribute to an exceedance of standards as well
as limits which are more stringent than necessary. The court also ruled that the use of TUsto
characterize the distribution of WET dataisa"mistake". EPA assumesthat WET datais distributed
lognormally, an assumption aso critical to reasonable potential determinations and limit derivation,
but thisis based on an analysis of datain the TSD using TUs. Additionally, the use of TUs s not
supported in the 40 CFR Part 136 methods nor are TUs included in federal NPDES regulation.
There are a so technical concerns regarding TUs including:

1. They are not additive unless the dose response curves used to develop each TU are
paralel and linear at the level in question (D.R. Ownby and M.C. Newman, 2000);

2. They are unitless and encourage the pooling of data from different tests with different
exposures (TU for a2 day acutetest isthesameasaTU for a4 day acute test, for
example), different biological endpoints (a TU based on reproduction is not the same as
aTU based on survival) and different statistical endpoints (aTU basedonaLC50is
not the same asa TU based on the NOAEC);

3. Theeffect level for each TU can be very different when based on hypothesis test
endpoints;

4. Adifferent TU can be found for the same test depending on which statistical endpoint
isused (1C25 or NOEC, NOAEC or LC50); and

5. Alab must test 100% effluent to use the TU approach even though dilution instream
may be significant.

The 1996 WET Stakeholder Implementation meeting held by EPA also concluded unanimously that
TUs should not be used in favor of percent effluent. Therefore, the use of TUsin the WET permit
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program is faally flawed and unsubstantiated, and will lead to erroneous conclusionsregarding
reasonable potential, [imit derivation and compliance. AMSA has recommended that EPA consider
the use of the “ Percent Effect” (PE) approach to interpret WET data, in response to concerns over
TUs, but EPA made no mention of this approach in the Draft Guidance. This approach interprets
test results relative to effects at the receiving water concentration (RWC), rather than the
concentration at which certain effects are measured. The PE approach offers numerous advantages
to that of TUs, including:

1. Itisintuitivein nature without artificial manipulation (higher PE means more
toxicity);

2. It renders conversion factorslike the LCL/LC50 ratio obsolete; and

3. It moredirectly trandatesto narrative water quality standards.

AM SA recommends that EPA reconsider use of the PE approach and, at aminimum, include a
provision in the Draft Guidance that recognizes that endpoints other than those mentioned in the
WET methods can be used in regulatory programs.

3. Reasonable Potential Multipliers

EPA isaware of areport drafted by the Water Environment Research Foundation (WERF) (Project
00-ECO-1, Whole Effluent Toxicity: Improving Reliability in Regulatory Programs) characterizing
conservatism built into its reasonable potential calculations. Specifically, areport provided by Dr.
Robert L. Wolpert of Duke University (see Attachment 1) found EPA’s TSD approach to be
extremely conservative. The report by Dr. Wolpert finds that the TSD uses either the upper 95% or
99% confidence bound on the upper 95 or 99" percentile of toxicity, respectively. EPA appears to
have ignored the existence of thisreport in its Draft Guidance and provides no evidence that the
conservatism built into the TSD approach is necessary to protect the environment. AMSA has
always believed that the TSD approach was conservative, but work has now been brought forward
better quantifying thisfact. Dr. Wolpert a'so recommended that reasonabl e potential be based on
the average response rather than the highest value due to the certainty in basing conclusions on
single values versus those cal culated from multiple observations. Thisisaso not addressed in the
Draft Guidance.

4. Data Distribution Assumptions

The TSD assumesthat WET data follows alognormal distribution, but provides little datato make
this point and even this datais based on TUs which should not be used based on the recent court
ruling. The Draft Guidance provides some text addressing the condition where data follows another
distribution, but the Draft Guidance falls far short of enough detail. Assaid in other parts of these
comments, states and regions will default to the TSD approach assuming alognormal distribution
because they usually do not have the expertise or resourcesto test this question properly. EPA must
provide more detail on how to address data sets with different characteristics than those assumed in
the TSD.
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5. LC50toLC1 Converson

The TSD recommends that L C50s be converted to L C1s using afactor of 0.3 multiplied by the
LC50. However, even EPA’sdatain the TSD shows that the LC1/LC50 ratio is greater than 0.3
ninety percent of thetime. This meansthat over 90% of the time the TSD approach will be biased
towards findings of reasonable potential and more stringent limits. EPA should allow the use of
calculated LC1sif an approach is used requiring such a conversion.

6. Species Sensitivity

Federal NPDES regulation requires that species sensitivity be addressed when determining the
reasonable potential to exceed or contribute to an exceedance of water quality standards. However
the TSD and the Draft Guidance document fail to properly addressthis variable. Species sensitivity
will be afunction of the test design, test statistics as well as the species.

7. Variability Assumption

The TSD assumption that the CV of any toxics data set is 0.6 was set 15 years ago and haslittle
relevance to the performance of POTWSstoday. Dischargers have become more aware of the
importance of maintaining their systems and producing effluent consistent in quality. EPA should
have more than enough data at this point in its program to determine a more accurate default value
for WET variability given today’ s standards of POTW performance.

8. Uncertainty at Low Dilutions

The Draft Guidance attemptsto address concerns for dischargers when dilution is not available and
limitsareto be included in apermit. Thisis presumably to address uncertainty associated with
permit decisions under these circumstances. However, EPA failed to address this same concern
during the reasonabl e potential determination. Given itsvery nature, the TSD approach is biased to
findings of potential to exceed or contribute to exceedances of water quality standards. Examples of
this biasinclude the fact that none of the multipliersin EPA’s TSD arelessthan 1.1, and the
approach uses the most toxic test in combination with the multiplier.

Trandations of Narrative Criteria

Except for EPA’srecommendationto use 0.3 TU, and 1.0 TU, the Draft Guidance does not provide for
trandations of narrative criteriainto numeric triggers or benchmarks for monitoring and permit actions.
EPA proposesin its 1997 draft WET Implementation strategy to: “develop methodol ogies to support the
development of site-specific toxicity criteria’ and “devel op guidance and/or regulatory language to
address the appropriate and necessary elements that comprise a narrative WET standard so that it may be
easily trandated and implemented into the NPDES program.”
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AMSA understands that the TU “criteria’ from the TSD only represent recommendations, but when EPA
does not provide aternatives or even procedures to develop aternatives, states and regions are | eft
without choices and will blindly adopt EPA’s recommendations. Further, water quality criteria must
have afrequency, magnitude and duration component, but the recommendations do not define duration of
the criteria. States and EPA regions are allowed to develop their own criteria, but EPA has repeatedly
warned them that criteriathat are not equally protective will be rglected. Proceduresto trandate narrative
criteriamust be provided as part of this guidance.

Weight of Evidence vs. Independent Applicability

AMSA continues to believe that a weight-of-evidence approach to determining reasonable potential (RP)
isappropriate for WET. Instream biological survey data demonstrating the presence or absence of
adverse effect from an effluent on aquatic life use attainment — a direct measure of the environment—is
superior to solely considering past, variable WET test results when determining the need for WET
limitations. It isunfortunate that the Draft Guidance fails to offer the weight-of -evidence approach asan
aternativeto its RP approach rigidly based on statistics with safety factors compensating for uncertainty.
We believe that the weight-of -evidence approach would provide the very kind of WET implementation
flexibility to which the D.C. Circuit referred in its December 2004 decision:

Therole of state permitting authorities ... should allay the concern, which petitioners express, that
the correlation between laboratory toxicity and instream impacts grows weaker at lower levels of
toxicity...Individual dischargers[should] remain freeto challengetheir permits, on a case-by-
case bagis, if they believe that local authoritiesare regulating at a level that poses only a minimal
risk to aquatic life.

Furthermore, EPA’s 1997 draft WET Implementation Strategy proposed to “continue evauating the
feasibility of amore integrated bioassessment program, including the use of biological assessments, WET
test results, and chemical analyses in aweight-of-evidence decisiorn-making process to assess receiving
system impacts caused by effluents.”

Establishment of water quality standards and determination of compliance with these standards should be
based on an integration of chemical, toxicity and biological monitoring, rather than on single types of
monitoring. Each monitoring type has its own advantages and uses, and different capacities to predict or
indicate beneficial useimpacts. Participantsin the Pellston WET Workshop (1995) overwhelmingly
supported that “biological assessments, WET test results and chemical analyses be used in concert for
integrated decision-making.”

EPA’s Draft Guidance ignores this overwhelming support for a weight-of -evidence approach.

Hypothesis Test versus Point Estimate Endpoints

The Draft Guidance does not adequately address the limitations associated with the use of hypothesis test
endpoints and should further promote the use of point estimates. The Society of Environmental
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Toxicology and Chemistry (SETAC), using funds provided by EPA, developed WET training materials
that emphasi ze the problems associated with the use of No-Observed-Effect-Concentrations (NOECS)
and No-Observed-Adverse-Effect-Concentrations (NOAECS) in the program, particularly because these
endpoints :

Are afunction of the concentrations tested;

By definition can never result in a*“ greater than” value and therefore infer more
toxicity than is present;

3. Do not reflect the level of effect measured; and

4. Cannot be mathematically manipulated as required in researching the need for limits,
limit calculations and limit compliance.

N

EPA has stated in other documentsthat it prefersthe use of point estimatesto hypothesis test endpoints.
That said, EPA must also addresstechnical limitations of the point estimatesit usesin the program. EPA
proposed in its 1997 draft WET Implementation Strategy to “i nitiate studiesto evaluate improvementsfor
the statistical analysis of toxicity test data...[and] enhance the current statistical approaches for both
hypothesis testing and point estimate models and approaches to quantify the confidence around test
endpointsto improve interpretation of WET test results.”

Specificaly, the IC25 has a number of issues associated with it that EPA recognizes but failed to address
in its method rulemaking. Thisincludesthe IC program’ sfailureto use all data availableto calculate an
endpoint, its data smoothing procedure which artificially increases the control response and decreases the
IC, and itsinappropriate use of dose response curvesthat are irregular leading to erroneous |C
calculations. EPA shouldrevisit its draft implementation strategy to determine what needs to be added to
the Draft Guidance.

In many cases the IC calculation is misapplied to datathat do not fit the assumptions of the model
(monotonicity; piecewise linear response function; and random, independent, and representative sample).
If datafrom atest violate these assumptions, the point estimates may beinvaid. Furthermore, the issue
of hormesis should be addressed. The model pools control and test concentrations that show stimulation
and calculates an elevated response, increasing the chances that aWET test will fail. EPA should allow
new curve fitting software to be used to generate does response curves and resulting | C25 values that do
not penalize permittiees by artificially increasing the response of the controls to make the statistics work.

Test Endpoint Uncertainty

The Draft Guidance does not address uncertainty in test endpoints within the context of program
activities such as reasonabl e potential and compliance determinations. At the 1995 Pellston Workshop it
was stated that “confidence limits should be considered if point estimates are used” and that regarding
WET variability, “(t)his uncertainty must therefore be considered in the test result interpretation and
incorporated into the regulaory decision-making process.” An advantage of using point estimates isthat
“ECp values and their associated confidence intervals can be compared among multiple experiments or
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among laboratories. This capability facilitates quantification of intertest or interlaboratory performance,
intratest QA/QC control, and evaluation of multiple-sample toxicity test results.”

EPA staff attending the Pellston Workshop stated that “we have not been particularly good at
incorporating statistical variability of test data into the decision-making process for effluent toxicity” and
that “it isimportant that we incorporate an understanding of all sources of statistical error into our
decision-making process.”

Clearly the attendees of the Workshop, which included EPA staff and members of several state agencies,
recognized the importance of adequately accounting for the uncertainty in test endpoints. Even therecent
court ruling stated that EPA has to address uncertainty in test resultsin its implementation program and
EPA itself statesthat uncertainty in test endpointsis +/- 100% (EPA WET methods). However, EPA’s
proposal to address this uncertainty (i.e., more testing) assumes that the tests as designed and conducted
accurately reflect conditionsinstream. The comments provided herein should provide sufficient evidence
that thisis not the case. Moretesting under these circumstances does not address test uncertainty, it only
allows one to reproduce erroneous conclusions. ThisDraft Guidance should take the recommendations
made by the WET Pellston Workshop and its own staff and provide guidance that directly addresses
uncertainty in test endpoints.

WET Data Validity and Representativeness

In Section 4.1.2 EPA states that "[v]alid and representative data should not beignored.” The converse of
that principle isthat invalid data should not be used in making decisions. However, the Draft Guidance
seems to contradict that principle, when it states that "[t] he permitting authority may require additional
information, for example, results of tests determined to beinvalid for any reason (e.g., too many control
organismsin thetest die)." If too many control organismsdie, that test is obviously not one that should
be considered in making WET permitting decisions; it says nothing about whether the dischargeistoxic.
Test results that are determined to be invalid should simply not be considered.

In Section 4.14, the Draft Guidance states, “If an effluent is known to contain residual chlorine at levels
which may result in unacceptable toxicity instream, in Situ testing is recommended.” We believe that the
Draft Guidance should clarify thatinsitu WET testing would be redundant and is not necessary wherever
chemica monitoring is performed to determine the adequacy of effluent dechlorination.

Program Quality Assurance (QA)

Quality assurance (QA) for the programis till lacking or problematic, particularly with lab accreditation,
analyst certification, methods to address data representativeness and comparability, and the WET
discharge monitoring report quality assurance (DMR QA) program. QA will affect data variability that
in turn impacts whether a discharger receives alimit, the magnitude of the limit, and whether the
discharger can comply with the permit limit.
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L ab accreditation was determined to be critical during the 1996 WET Implementation Stakeholder
meeting. Efforts such asthe National Environmental Laboratory Accreditation Conference (NELAC)
barely go beyond the requirements of the methods, effecting little to no improvements for the current
program. The Draft Guidance does attempt to address data representativeness by discussing the
importance of sampling but it fails to recognize that even the best effortsto collect representative data by
POTWs can be negated by factors that cannot be controlled by POTWs (system failures, inclement
weather, illegal discharges noted after the test is completed, etc.). There should be a procedure to reject
outliersin adataset, particularly since the TSD reasonable potential approach uses the test exhibiting the
most toxicity to drive decisions.

EPA attempted to address intra-test precision issues by including MSD limits for some chronic test
endpoints, but the criteria used to develop these | imits were arbitrary at best. EPA isaware of WERF's
studies (Project 95-PQL, Whole Effluent Toxicity Testing Methods: Accounting for Variance, 1999, and
Project 00-ECO-1, referenced above) of variables that impact test results and in some cases test results
are highly dependent on which lab conducts the test or when the test was conducted, rather than a
function of the test concentrations and effluent quality. Therefore data comparability cannot be assumed.

AMSA has previously provided comments emphasizing the need for away to compare data across labs
through the WET test method rulemaking process. EPA’ s interlaboratory study showed that the same
results are not attained in labs across the country, but despite EPA’s own QA guidance documents there
IS no way to satisfy this data quality objective within the current program. Perhaps the best way to do
thisisfor EPA to select anumber of reference toxicants for its program, based on a number of variables
(reproducibility, safety in use, type and pathway for effect, etc.), and develop acceptance limitsfor each
toxicant, test type, duration, temperature, species and biological endpoint using measures other than
confidence intervalsfor LC50s, NOECs or IC25s. The spread of data using traditional endpoints, as can
be seen by reviewing typical DMR QA results, istoo wide to gauge lab performance as acceptable or not.
EPA must consider using other measures for the DMR QA program or similar efforts for lab qualification
to be meaningful. Examples of variables that could be measured are the MSD and the presence of adose-
concentration relationship. The EPA interlab study showed that |abbs make frequent and sometimes
significant errors when calculating results. The DMR QA program could also test labs' abilities to
correctly calculate test results by providing data sets to the labs and requesting that they provide the
results. These results could then be compared to the correct answers.

Regardless of EPA’ sresponse to this concern the Agency must recognize that the current DMR QA
program does not go far enough. The width of acceptance limits for each test and endpoint almost
guarantees that labs will comply with the program, regardiess of the quality of the lab. Thisunfairly
equates the best and worst labs. The DMR QA program must be overhauled or abandoned. AMSA
recommends that EPA review its own data quality objective (DQO) guidance documents and resolve
which data quality indicators (DQIs) and measurement quality objectives (MQOs) are necessary to bring
the WET implementation program in line with that used for chemical -specific parameters.
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Magnitude of Toxicity and |mplementation

The Draft Guidance does not address magnitude of toxicity asit relates to compliance and triggered
actions like accelerated testing and TIEs. TIEs have limitations (for example, need LC50 or NOEC/1C25
< 80%), but EPA has not acknowledged or incorporated these limitationsinto their guidance. Minor
exceedances of triggers or limits cannot be successfully followed with a TIE to identify and remove
toxicants. The Draft Guidance should be modified to aert regulatory agenciesto the technical limitations
of TIEsand TREs and protect permittees from unnecessarily spending public funds.

Specific Comments

Limits without Data

The Draft Guidance continues to support the concept of limits based purely on assumptions and without
data. Thisistotally unacceptable and should be deleted from the Draft Guidance. Perhaps 15 years ago
when the TSD was written there may not have been enough data to start the program, but thisis not the
casetoday. The program’sassumptions are far too conservative, leading to unnecessary limits or
unnecessarily stringent limits. Limits without datawill even beworse. Further, it is hard to understand
how EPA can hold in one part of the document that more datais necessary to make decisionsand in
another part state that it is acceptable to make the same decisions without any data.

Median Limit of 1.0 TU

AMSA appreciates the fact that the Draft Guidance has provided an option of expressing the monthly
chronic WET limit as a median rather than as an average in low-flow dilution situations. We believe this
reflects a correct recognition by the Agency that, as a numeric WET limitation approaches 1.0 chronic
toxicity units(TU,), the probability of the WET limitation being exceeded by asingle WET test result
greatly increases independent of any real effluent toxicity. Because this probability isafunction of the
numeric magnitude of the eff luent limitation rather than receiving water conditions, and because WET
limitations can be established thislow also for policy or other reasons, we urge the Agency to expand this
option’ s availability beyond low-flow dilution situationsto include all situations where chronic numeric
WET limitationsare aslow. For example, there are many other dischargers who have limited dilution
but not enough to address the uncertainty of making regulatory decisions. A discharger with 3:1 acute
dilution will still receive a 1.0 TU acute limit. EPA should consider those dischargersthat fall in between
the scenarios where dilution is unavailable or low and those that have enough dilution to compensate for
the conservatism and uncertainty in the permitting process. One way to do thisisto base the approach on
the uncertainty in test results, which EPA claimsis +/- 100% (EPA WET methods). If thisisthe case
then perhaps the median limit should be applied to those whose wastel oad allocations are less than 2.0
TUs (ameasurement of 2.0 TUs could actually be aslow as 1.0 TUs given uncertainty in test results).

For the median option to be beneficial asintended, at least three chronic WET tests would need to be
performed within the averaging period. Conducting thismany chronic WET tests within one month can
pose avirtually insurmountable challenge to some laboratories, considering the difficulties associated
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with scheduling additional, consecutive or even overlapping tests while maintaining sufficient, viable
popul ations of test organisms. To ease these laboratories burden and make the justified median option
more practicable, we urge the Agency to provide that the averaging period for compliance with alow
chronic WET limitation may be extended to beyond one month’s duration. AMSA recommends that
EPA extend the averaging period for tests to 3-month periods to alow enough time for dischargers and
labs to schedul e tests when necessary, and consider the use of arunning average concept (the evaluation
would look back over the last three months, present month included). Also helpful in thisregard would
be alowing, when applying either an average or median as the basis for compliance, the use of different
numbers of testsfor different species (e.g., threetestsfor C. dubia and one test for P. promelas) within
the averaging period. Third, the Agency should recognize that aleviating the burden associated with
performing multiple WET tests by using more than one qualified laboratory may be necessary under such
circumstances and is appropriate.

Furthermore, AM SA questions the Draft Guidance’s prerequisite condition that the permittee must have
conducted three-species screening to be eligible for use of the median option. We note that the Draft
Guidance has recommended three-species screening for WET testing more generally to ensure that the
most sensitive species are used for routine testing. We are aware of no reason for an additional,
permittee-specific requirement for three-species screening where the permitting authority has already
determined that routine testing of the two species selected is protective. AMSA isnot aware of any
consideration specific to using the median for determining compliance that would necessitate such an
additional requirement.

Maximum Limit of 1.6 TU

EPA isproposing amaximum limit of 1.6 TUsfor dischargers with zero instream dilution. However this
[imit ignores the uncertainty in test results recognized by EPA to be +/- 100%. Therefore the maximum
limit should 2.0 TUs since the confidence limits around such aresult include alimit of 1.0 TUs.
Additionally, dischargers with limited dilution should aso be allowed to use this option because even
limited dilution can result in adaily limit of 1.0 TU which the Draft Guidance wasintending to address.

Accderated Testing

The Draft Guidance isrequiring that 6 additional tests be conducted following exceedance of atrigger or
limit to determine if aTIE/TRE should beinitiated. This approach might be defensible if magnitude of
exceedance and other sources of conservatism were addressed in devel oping those triggers and limits, but
thisisnot the case. This approach assumes that an exceedance of atrigger or limit actually representsa
significant potentia for impact instream. Based on quotes provided el sewhere in these comments from
the Pellston Workshop of 1995 and conclusions of the 1997 WET Implementation Stakeholder meeting
thisassumptionisinvalid in many cases. The Draft Guidance continues to support an approach that
concludes impact without addressing certainty in that conclusion.
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Freqguency of Testing

The Draft Guidance is recommending that more tests be conducted to determine reasonable potential and
the need for aTIE/TRE. Superficialy this seemslike agood idea; more data provides more information
and addresses uncertainty in some assumptions. However more data used improperly will only lead to
inappropriate permit decisions and actions. As stated throughout these comments the current
implementation program has significant flaws, and most have not been addressed by EPA inthe TSD or
in this Draft Guidance. EPA must address the conservatism in their program and determineif itis
justified by its uncertainty. Where uncertainty islow, lesstesting is required; where uncertainty is high,
higher testing frequencies are necessary.

The net effect of thisDraft Guidance is clear — the flawsin the reasonable potential determination will
result in virtually all dischargers ending up withWET limitsin their permits. From there, every single
test failure (lethal and sublethal) will be a permit violation subject to EPA enforcement discretion.
AMSA had hoped that some of its long-standing issues with WET implementation would be addressed in
this Draft Guidance or that EPA would consider an alternative approach to implementing chronic WET
limitsin NPDES permits. Unfortunately, AMSA now believes that this Draft Guidance will only result
in states and regions more consistently using the flawed RP approach outlined in the TSD and thisDr aft
Guidance and further complicate WET implementation.

Again, AMSA is committed to meeting with the Agency to discuss how these implementation issues can
beresolved. We hope that the Agency will seek out stakeholders, including AMSA, following the close
of the comment period to gather additional insight into the types of approachesthat are currently being
used and currently working and how the Draft Guidance should embrace those approaches.

Sincerely,

e

Chris Hornback
Director, Regulatory Affairs
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Summary

A statistical methodology is presented in EPA Technical Support Document
(1991) to “project an estimated maximum concentration” for an effluent,
based on a small number of concentration measurements. This method is
shown here to be less efficient and more variable than proposed alterna-
tive methods, leading to unnecessarily high rates of “false positives” (false
declarations that concentrations exceed acceptable limits).

Simple and efficient alternatives are proposed here, and the performance
of both the current EPA method and the proposed alternatives are illus-
trated with synthetic data based on the probability distribution the EPA
assumes for actual effluents.

The current EPA method is “doubly conservative” in that it attempts
to offer a 95%-confident upper bound for Cgg, the 99%-percentile of concen-
tration measurements. The red vertical bar in Fig. 1 represents Cgg (with a
numerical value of 10.24 in our illustration); the area to its left under the
black curve represents the 99% probability that each individual concentra-
tion measurement falls below Cgyg, while the areas to its right under the red,
blue, and green curves represent the 95% probability that the estimate 0535’ A
will exceed Cgg with samples of size 5, 10, and 100, respectively. This double
conservatism leads to extraordinarily conservative upper bounds that exceed

actual concentrations by orders of magnitude.

The EPA’s attempt to be doubly-conservative in fact fails, due to their
inefficient use of sample data to estimate concentration variability and a
failure to reflect this variability. We offer two alternatives to the EPA ap-
proach: one that, like the EPA method, would be doubly-conservative if the
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Figure 1: Concentration measurements (black) and EPA bounds C&* for
Cygg (vertical red bar) with sample-sizes of n = 5,10,100 (red,blue,green,
respectively).

concentration variability were known without error, but which makes more
efficient use of sample data to get more realistic upper bounds; and another,
that attains the goal of double conservatism even when the variability is un-
known. We would argue however that the intended double conservatism is
unwarranted and leads to gross overestimates of the concentration quantiles
without offering a commensurate improvement in public safety, and that it
would be more appropriate simply to estimate Clgg as accurately as possible.

1 Introduction

In EPA Technical Support Document (1991, p. 52 and Box 3-2) a statistical
methodology is presented to “project an estimated maximum concentra-
tion” for an effluent, based on a small number n of concentration measure-
ments {X1,...,Xp}. The “maximum concentration” is defined to be the
99%-percentile of the concentration distribution, i.e., the number Cgg with
the property that Pr[X; > Cgg] = 0.01 for each concentration measurement
X;. The EPA method is intended to be conservative in the sense that, with
high probability, it offers a upper bound for C'gg— the “projected estimate”
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2 THE BOX 3-2 APPROACH

JEPA = CEPA(XY, ..., X,,) has only a small probability a of understating

the true value of Cgg (both o = 1% and a = 5% are considered), so that
Pr[CEP* < Cgg] < . The method assumes that the concentration measure-
ments X; have independent lognormal distributions, an assumption justified
by empirical evidence presented in (EPA Technical Support Document, 1991,
Appendix E).

We present here a critique of this methodology and an alternative esti-
mator C4" = C4" (X1, ..., X,,) which is less variable, more robust, and still
satisfies the doubly-conservative requirement Pr[Cg¢™ < Cgo] < av.

The random variables X; are independent lognormal X; ~ LN(u,0) if
their natural logarithms have independent normal distributions with mean
p and variance o2, In X; ~ No(u,0?). Their quantiles are related to those
of the standard normal distribution by the relation

F(z) = Pr[X <z]
InX —pu < Inz—p

= Pr
o o

= (I)((IHIE —,LL)/O'),

where ®(z) is the Cumulative Distribution Function (CDF) for the stan-
dard Normal distribution and, in particular, the “maximum concentration”
satisfying F'(Cgg) = 0.99 = ®(2.326) can be expressed in the form

Cog = exp(u + 2.326 0)

as a function of the (in general, unknown) parameters p and o.

2 The Box 3-2 Approach

The approach of (EPA Technical Support Document, 1991, Box 3-2) (hence-
forth, “the Box 3-2 approach”) to identifying Cgg = exp(u+2.326 o) depends
on just two features of the data set:

e The maximum observed concentration X} = max{Xy,..., X, }, and
e The empirical coefficient of variation, CV = S/X.!

"Here X = L 3" X; and § = /=25 3°(X; — X)? are data-based estimates of the mean

and standard deviation of a very long string of concentration measurements at a site.
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2 THE BOX 3-2 APPROACH

These statistics X, and CV do not reflect all the evidence in the data
about Cgg = exp(u + 2.326 o) (the technical term is that they are not suffi-
cient statistics for the lognormal distribution), so any estimator of Cgg based
on them will be inefficient (more variable and less precise than necessary); see
Section 3 for more details. The EPA bases its estimates of Cyg on percentiles
of the maximum concentration measurement X = max{Xj, ..., X;,}, which
are related to those of the individual concentrations X; as follows.

For the lognormal distribution, the population Coefficient of Variation
CV[X] = V[X]Y2/E[X] (the standard deviation divided by the mean) is
given by CV[X]? = exp(0?) — 1, so the parameter 02 may be estimated from
the empirical coefficient of variation V=S /X as

o2~ In (1+CV) =In (14 52/X2).

Under the assumed independence of concentration measurements the max-
imum observed concentration X = max{Xjy, ..., X,,} has CDF

EX(z*) = Pr[X; <z
= Pr[Xj <z .., X, <z’
— Pr[X; < 2"
= F(z*)"

= &((Inz*—p)/o)".

There is a 5% chance that the observed maximum concentration X! will
fall below its 5%-percentile, the point x g5 with F(x05) = .05. Since
F¥(x) = F(x)" for every x and n, there must also be a 5% chance that
®((InX; —p)/o) < .05'/7; for example, with n = 5, there is a 5% chance
that ®((In X} — p)/0) < .05Y/5 = 5493 = $(0.1238), so Pr[X; < exp(u +
0.1238 0)] = 0.05. Since Cgg = exp(p + 2.3263 0) is also the exponential of
u + xo for some number x, we can multiply both sides by an appropriate
constant to achieve an estimated upper bound of

0.05 = Pr

(X, < exp(pn+0.12380)]
= Pr

[

[

X,
X, exp(2.20250) < exp (1 + (0.1238 4 2.2025) 0)]
X, exp(2.20250) < exp (u +2.32630)]

EPA < Cog), with OCFP* = X* exp(2.20250),

= Pr
= Pr

giving a conservative upper bound for the maximum concentration. For
values of n from one to ten, the same approach with a = .05 and a = .01
leads to the similar estimates given in Table 1 below.
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3 A SIMPLE AND MORE EFFICIENT APPROACH

a=.05 a=.01
Prlexp(3.97120) X < Cog] = a | Prlexp(4.65270) X{ < Cog] = v
Prlexp(3.08640) X < Cgg] = a | Prlexp(3.60790) X5 < Co9] = «v
Prlexp(2.66240) X35 < Cog] = a | Prlexp(3.11400) X3 < Co9] = v
Prlexp(2.39440) X} < Cog] = o | Prlexp(2.8046 0) X} < Co9] = v
Prlexp(2.20250)X? < Cog] = o | Prlexp(2.5846 0) X < Cog| = v
Prlexp(2.0549 0) X¢ < Cog] = o | Prlexp(2.41630)X{§ < Cog] = «v
Prlexp(1.93610) X7 < Cog] = a | Prlexp(2.28130) X7 < Co9| = v
Prlexp(1.83710)X§ < Cog] = a | Prlexp(2.16940)X§ < Co9] = v
Prlexp(1.7528 0) X5 < Cogg] = a | Prlexp(2.07430) X5 < Cog] = v
Prlexp(1.67950) X7, < Cog] = a | Prlexp(1.9920 0) X7, < Co9] = v

Table 1: Formulas to implement Box 3-2 method for n = 1-10.

The “Box 3-2 approach” is to approximate o2 from the empirical coefficient
of variation, as above, and use that with Table 1 the table above to achieve
a 95% (or 99%) conservative upper bound for the maximum concentration
Cog.

3 A Simple and More Efficient Approach

In this section we develop an alternative upper bound CA'{;QLT for Cyg that, like
the Box 3-2 approach, is “doubly conservative” in providing a 95%-confident
upper bound for the 99%-percentile of the concentration distribution, so that
Pr[C4s™ < Cog] < o = 0.05.

The Maximum Likelihood Estimators (MLE’s) for p and o2 are simply
the sample mean and variance of the log concentration measurements,

ﬂz%ZlnXi ==Y (InX;—p)

These statistics are sufficient for the lognormal distribution (see Bickel and
Doksum, 2001, p.41), so by the Rao-Blackwell result (op cit., p.45) any
estimator of any feature of the distribution (such as the Box 3-2 projected
upper bound C’gg’ A for Cgg) that does not depend on the data only through
[ and 62 can be improved by replacing it with its conditional expectation,
given fi and 62. Note that the Box 3-2 approach does not depend only on

these sufficient statistics— instead, it summarizes the data by the sample

S
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4 NUMERICAL ILLUSTRATION

maximum X, and the empirical coefficient of variation V=5 /X, and so
does not take full advantage of the information in the data. This makes
it more variable and less reliable than other conservative upper bounds on
Cog.

If 02 were known exactly (the conditions under which the Box 3-2 ap-
proach is justified as a 95% upper bound), then MLE for the Maximum
Concentration Cgg would be

@ = exp (ﬂ + 2.326 0).

The average log-concentration /i has a normal distribution i ~ No(u, o2 /n),

s0 a conservative 95% upper bound Pr[Cgg < C41] = 0.95 is given by

AT = exp (fu+ (2326 + 1.645//n)o)

For large enough n the variance o2 is well approximated by its MLE 62

(better than the less-reliable Box 3-2 estimate In(1 + 6\\/2)) so replacing o
with its estimate 6 in this formula still gives an approximate bound; for
smaller n we may use the known probability distribution of the estimator
62 to construct a valid 95% upper bound for Cgg (see Section5). If prior
experience or data from related sources are available, Bayesian methods can
be employed to construct even better solutions.

4 Numerical Illustration

Below we summarize results from 100,000 replications of drawing samples of
size 5, 10 and 100 from a X; ~ LN(u = 0, 02 = 1) distribution, with exact
median (“typical”), mean and maximum concentration measurements

Cso = e = 1.0000 E[X;] = e#T7°/2 = 1.6487 Clgg = e+23267 — 10.2405.

The statistical inefficiency of the Box 3-2 method is revealed in Table 2
and Fig.2 by its high probability of gross overestimates, while the MLE
method is fairly efficient, with moderate overshoot for small trials (100%
with n = 5, 50% with n = 10) and negligible overshoot for trials with
n = 100 concentration measurements.

Even with n = 100 measurements the EPA method’s estimate is more
than double the true Cgg about 40% of the time and, with n = 5 concentra-
tion measurements, is nearly four times the true 99%-percentile on average.
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4 NUMERICAL ILLUSTRATION

Box 3-2 Method

n PICE™ >2 Coo]  MAICE"] E[CE5*]  PICE™ < Cogl
(Gross Overshoot) (Median) (Mean) (Should be 0.05)

5 0.684 27.90 36.71 0.050

10 0.608 23.89 30.02 0.052
100 0.390 18.17 21.09 0.049
Exact 0.000 10.24 10.24 0.050

Alternate MLE Method

n o PGy >2-Co] MA[CH™] E[Cey™  P[CH™ < Cog
(Gross Overshoot) (Median) (Mean) (Should be 0.05)

5 0.535 21.29 23.60 0.050

10 0.290 17.18 18.06 0.051
100 0.000 12.07 12.13 0.050
Exact 0.000 10.24 10.24 0.050

Table 2: Performance of EPA and MLE methods on synthetic data with o2
known.

Probability Density

100 1000
Bounds on ng (log scale), n=10, o2 known

Figure 2: Bounds for Cgg for sample-size n = 10.
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5 FAILURE OF EPA METHOD WITH ESTIMATED o2

The mean is much higher than the median for the Box 3-2 method, indi-
cating highly skewed values with high probability of dramatically exceeding
Cyg, while the mean and median are closer together for the MLE, indi-
cating less of a problem with skewness. The last column shows that both
methods achieve the intended 95% conservatism, giving a upper bound for
Cg9 = 10.24 in approximately 95% of the 100,000 simulated trials, under

the assumption of known variance o2.

5 Failure of EPA Method with Estimated o2

Table 4 shows similar (and more realistic) simulation results with o2 treated

as unknown, and estimated from the data using ¢? ~ In (1 + 6\\/2) as the
Box 3-2 method specifies. The right-most column shows that the Box 3-2
method failed to be even close to 95% conservative, leading to an upper
bound for Cgg for only about 60-70% of the simulated trials for sample sizes
n = 5-10, rather than the promised 95%. Table4 also shows exceedence
probabilities for an extension (described below) of the Alternate MLE ap-
proach introduced above to accommodate estimated variance; note that this
method does achieve double conservatism (i.e., the probabilities of failing
to bound Cyg given in the right-most column are all below 5.0%).

The MLE approach can be extended to the case of unknown o2, as

follows. Recall that the sufficient statistics 7 = (1/n) Y In X; and 62 =
(1/n)>"(In X; — i1)? are independent, with the No(u, 02 /n) and %2)(%_1 dis-
tributions, respectively, so Z = /n(u—f1)/o and Y = né2/0? have indepen-
dent No(0,1) and x2_; distributions (see Bickel and Doksum, 2001, p. 495).
It follows that Cog = exp(p + 2.3260) satisfies

0.95 = Pr[Cqog < exp (it +10)]
= Prlu+2.3260 < i + o]

— Pr [5/?/% +2.326y/n < r\/ﬁ(&/a)]

Z+2.326y/n _ Tm]
Y/(n—1) ~

= nct(rvn—1,n—1, 2.326y/n),

the CDF of the noncentral ¢ distribution with n — 1 degrees of freedom and
noncentrality parameter 2.326y/n. Thus even when o2 is unknown we have
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5 FAILURE OF EPA METHOD WITH ESTIMATED o2

conservative upper bounds of the form
0.05 = Prlexp(fi + r956) < Cog], 0.01 = Prlexp(fi + rg9d) < Coo]

where rg5 = nctinv(0.95, n—1, 2.326y/n)/v/n — 1 and r99 = nctinv(0.99, n—
1, 2.3264/n)/v/n — 1 are based on the 95%-percentile and 99%-percentiles of
the noncentral ¢ distribution, respectively.

n a=.05 a=.01
2 | Prlexp(i + 37.096) < Cy9] = a | Prlexp(ft + 185.595) < Cyg] = «
3 | Prlexp(ft + 10.556) < Cgg] = @ | Prlexp(ft + 23.896) < Cyg] = «
4 | Prlexp(ft + 7.046) < Cy9] = o | Prlexp(ip + 12.396) < Cy9] = v
5| Prlexp(t+ 5.746) < Cog] = o | Prlexp(it + 8.946) < Cg9] =
6 | Prlexp(ii + 5.060) < Cgg] = o | Prlexp(i+ 7.336) < Cyg] = v
7 | Prlexp(fit+ 4.646) < Co9] = o | Prlexp(t + 6.416) < Cg9] =
8 | Prlexp(ft + 4.356) < Cy9] = a | Prlexp(t + 5.816) < Cy9] = «
9 | Prlexp(ft + 4.146) < Cg9] = a | Prlexp(pt + 5.396) < Cyg] = «
10 | Prlexp(fi + 3.985) < Cg9] = v | Prlexp(fp + 5.076) < Cgg] =

Table 3: Formulas to implement MLE method with unknown o2 for n = 2-
10.

Table 4 and Figs. 3 and 4 show the results of a numerical simulation. Even
for large sample sizes the Box 3-2 method fails to meet its conservative
goal of a 95% bound when (as in usual practice) o2 is unknown, despite
exceeding 2 - Cgg nearly 40% of the time— the area to the left of Cgg (given
in the right-most column of Table4) exceeds 0.05 by far. The alternate
method introduced here does meet its 95% goal, with minimal overshoot for
large samples, but its faithful reflection of the uncertainty about o2 in small
samples leads it to overstate the true value of Cgg for sample sizes as small
asn =295orn=10.

The EPA Technical Support Document (1991, Box 3-2) recommends
ignoring sample data about 02 when n < 10 and, instead, using the nominal
values of 0.6 for CV (this implies a value of In(140.6%) = 0.3075 for o2).
If that nominal value is at least as large as the true value of o2 then the
“known o2 results of Table2 apply, with minimal overshoot for C'{)*QLT7 if
not, as in our numerical example (where 0 = 1.0 > 0.3075), then C5* will
again fail to be conservative and the EPA method will not deliver honestly

its stated goal of double conservatism.
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5 FAILURE OF EPA METHOD WITH ESTIMATED o2

— n=5
— n=10
n=100

Probability Density

1 10 100 ‘ 1000
EPA estimates of ng (log scale), o2 estimated

Figure 3: Failure of EPA method’s conservatism for estimated o?2.

— n=5
— n=10
n=100

Probability Density

1 10 100 1000
Alternate MLE estimates of ng (log scale), o? estimated

Figure 4: Success of Alternate method’s conservatism for estimated o2.
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6 ROBUSTNESS

Box 3-2 Method, o? estimated

n PICE™ >2 Coo]  MAICE"] E[CE5*]  PICE™ < Cogl
(Gross Overshoot) (Median) (Mean) (Should be 0.05)

5 0.372 14.45 28.04 0.368

10 0.397 16.34 26.90 0.279
100 0.375 17.58 21.18 0.084
Exact 0.000 10.24 10.24 0.050

Alternate MLE Method, extended for estimated o2

~ ~ ~ A~

n PlCs™ >2-Co] Md[Cgy™] E[Cge™]  P[Cgs" < Cool
(Gross Overshoot) (Median) (Mean) (Should be 0.05)

5 0.920 349.86 9640.10 0.034

10 0.847 56.48 103.53 0.037
100 0.065 14.73 15.10 0.045
Exact 0.000 10.24 10.24 0.050

Table 4: Performance of EPA and MLE methods on synthetic data with o2
unknown. Note failure of double conservatism for the Box 3-2 method.

6 Robustness

Both the EPA method and the alternate MLE method are based on an
assumed lognormal distribution for individual concentration measurements,
and both methods may give misleading results if this assumption fails. The
lognormal distributional assumption will fail, for example, if there is even a
small chance for data to be misrecorded, mistranscribed, misread, or entered
incorrectly. It will fail if there is even a small chance of laboratory analytical
error or mishandling of concentration samples.

The sample maximum X/ is particularly vulnerable to such departures.
A single misplaced decimal point can distort its value by an order of mag-
nitude, invalidating it. The sample mean X,, (a component of the sample
coefficient of variation), though less sensitive than X by a factor of n, is
still strongly affected by departures from log-normality; fortunately robust
alternatives (trimmed means, sample median, etc.) are available.

The log-scale sample standard deviation 62 used in the MLE method is
relatively robust, but the log-scale sample mean (i is not; again, the same
robust alternatives as before are available on the log scale, leading to far
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8 CONCLUSIONS

greater robustness for the MLE method (or a small variation on it, using
the trimmed mean or sample median instead of 62). No such simple improve-
ments are possible for the EPA’s Box 3-2 method, due to its fundamental
dependence on the inherently-nonrobust sample maximum X .

7 Alternatives to Double Conservatism

Both the EPA method and the alternate MLE method are “doubly conser-
vative” in offering a 95%-confident upper bound for the 99%-percentile of
the concentration distribution. This doubly-conservative approach leads to
estimated bounds that are much higher than typical concentration measure-
ments. Is this necessary or helpful in protecting public health?

n P[X <CEPA] P[X < CA™] PIX < Cog] P[X < Coos]

5 0.9978 0.9974 0.9829 0.991
10 0.9976 0.9967 0.9867 0.993
100 0.9969 0.9934 0.9897 0.995

Table 5: Performance of EPA and MLE methods on synthetic data with o2
known.

On average the doubly-conservative methods give much higher than a 99%-
percentile for concentration measurements, closer to a 99.7% or 99.8%-
percentile— at the high cost of grossly overstating the concentrations. Less
extreme bounds, such as Cggs = exp(ft + 2.5766) (which gives more than
a 99%-percentile on average for all sample sizes), would still meet the con-
servative concern of ensuring that the “projected maximum concentration”
would be at an acceptable level, without unnecessary gross overestimates.

8 Conclusions

The method used by the EPA to “project” a “maximum concentration” is
flawed in two ways, each of which leads to grossly overstating concentrations.
First, the method is doubly conservative in that it tries to find a projected
maximum concentration that has a 95% chance of being greater than a
bound that itself has a 99% chance of exceeding each concentration measure-
ment. Second, the method makes inefficient use of the available evidence
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about effluent concentrations— it is based on ad-hoc summaries (the ob-
served maximum and empirical coefficient of variation) that are more widely
variable and capture less information than the best available statistical sum-
maries (the sample mean and variance of the log concentrations), which are
just as easy to compute. This unnecessarily variable doubly-conservative
estimate exceeds actual measured concentrations by factors of 20-30, ap-
proximately double the exceedence of more efficient doubly-conservative es-
timates and approximately ten times the exceedence of available methods
that still give 99% upper bounds to effluent concentrations. It would be
difficult to justify continued use by the EPA of the Box 3-2 method.

We also note that uncertainty about the variability of concentration mea-
surements necessarily leads to large overestimates of maximum concentra-
tions for any method that reflects the uncertainty honestly. Sample sizes
as small as n < 10 are particularly vulnerable to this problem. The added
expense of larger sample sizes may well offset the cost associated with the
risk of unnecessary remediation due to the “false positive” declarations that
concentrations exceed acceptable limits when in fact they do not.

References

Bickel, P. J. and Doksum, K. A. (2001) Mathematical Statistics: Basic Ideas
and Selected Topics, vol. 1. 2nd edn. Upper Saddle River, NJ: Prentice
Hall.

EPA Technical Support Document (1991) Technical support document for
water quality-based toxics control. Document EPA/505/2-90-001 PB91-
127415, U.S. Environmental Protection Agency.

DRAFT 13 November 11, 2002



