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NOTICE AND DISCLAIMER

This document provides guidance to NPDES authorities and persons interested in toxicity reduction
evauations and toxicity identification evaluations (TRESTIES) as they relate to whole effluent toxicity
(WET) testing. This document is designed to reflect nationd guidance on conducting TRESTIES. This
document does not, however, subgtitutefor any aspect of the Clean Water Act, an NPDES permit, or EPA
or state regulations applicable to permitsor WET tegting; nor is this document a permit or regulation itsdlf.
This document does not and cannot impose any legdly binding requirements on EPA, states, NPDES
permittees, and/or laboratories conducting WET testing or TRESTIES for permittees or evauations of
ambient water quaity for states. EPA and State officias retain discretion to adopt approaches on a case-
by-case basis that differ fromthis guidance based on andlysis of site-specific circumstances. This guidance
may be revised without public notice to reflect changesin EPA palicy.
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EXECUTIVE SUMMARY

This document provides additiond darification on exiding EPA guidance on toxicity reduction
evauations (TRES) and toxicity identificationevauations (TIES). It aso discusseshow NPDES permittees
and permitting authorities should address some technica issuesthat have beenrai sedto EPA on conducting
TRESTIEs. While this document contains no new guidance on permitting or compliance, it respondsto a
July 1997 settlement agreement, which required EPA to issue technical guidance that would provide
clarification on conducting TRESTIES under the NPDES permitting program. The settlement agreement
was with the City of San Bernardino (CA), United Water Forida, and the City of Washington (GA).

The technical issues addressed in this guidance indude: when and under what circumstances a
permittee should conduct a TRE and/or TIE; technical limitations on the TIE process; congderation of
persistence and magnitude of toxicity events; ionic imbaances of effluents; the applicability of compliance
schedules, and inconclusve TRESTIES,

The following points summarize important conclusions of this document:

A TRE is defined as a methodical, stepwise investigation of the cause(s) of, and appropriate
control(s) for, an effluent that has demongtrated acute or chronic whole effluent toxicity (WET).
Severa options are available to the regulatory authority for requesting a TRE. Whenever a toxic
discharge occurs, however, a permittee should consider initiating preliminary TRE procedures to
reduce or eiminate toxicity.

All technically reasonable actions taken to resolve WET should be considered TRE activities.
Because TIEs are powerful and effective tools for identifying the source of WET, EPA
recommendsthat permittees consider conducting TIEs early inthe TRE process. Likewise, toxicity
treatability testing can be effective when trying to resolve WET limit noncompliance and other
problems with effluent toxicity.

Permittees should seek technicd review and comment from their regulatory authority when
devdoping TRE plans that outline invedigative and problem resolution techniques, induding
reasonable time lines and milestones, in order to avoid delays and maximize consideration of
relevant factors that may affect toxicity. The regulatory authority should then agpprove the TRE
schedule and completion date. The authority should ether concur with the technica merit of the
plan or recommend modifications that would improve its technica merit. A close cooperative
relationship should be established amongthe permittee (and, if applicable, the permittee’ stechnical
consultant) and the permitting authority early in the TRE process. This relationship should be
maintaned until the TRE is successfully completed and any controls necessary to prevent
unacceptable leves of toxicity are fully implemented. This process dlowsadl partiesto understand
the requirements and expectations, and encourages evolution of the plantoward the most effective
resolution. Collaborationamongthe partiesthroughout the TRE process will addtoitseffectiveness
and assist in course corrections.
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Technical Limitations of the Procedures

A TIE is a set of procedures that uses physica and chemica trestments to identify or classfy the
specific chemicad compounds causing toxicity in an effluent sample.

* EPA hasfound that TIES have been highly successful when aggressively implemented.

* Thereare no sgnificant digtinctions between the acute or chronic WET methodology that would
restrict the use of either approach in a TIE. Both acute and chronic TIE procedures are reliable
means of resolving toxicity issues and lead to appropriate controls.

*  Themost common causes of unsuccessful TIESs are (1) poorly qudified laboratories or staff (e.g.,
laboratories that do not use the TIE guidance appropriately or lack the tools or skills for
comprehensive TIE interpretation); (2) wastewater complexity; or (3) both.

* Pemittees should carefully consider usng individuds who are qudified and experienced in
TRESTIEs. Laboratories should clearly demongtrate past experienceand timdinessof thar results.

» Thedifficulty in conducting a TIE, and the time required to completeit, will likdy increaseindirect
proportion to the complexity of toxicants in wastewater. As the number of chemica congtituents
in wastewater increases, the interactions of those chemicds (e.g., with biological and andytica
systems and with each other inthe wastewater) can increase the difficulty of identifying toxicants.

*  Whenmuitiple toxicantsare present ina sample, identifying and resolving the toxicants seridly may
be necessary due to masking or confounding influences. Additiondly, the complexity of a TIE may
increase as the toxicity magnitude and frequency decrease (Iesstoxic, less often). Conversdy, as
the toxicity magnitude and frequency increase (moretoxic, more often), wastewater components
causng toxicity may be more readily identifidble. Despite these difficulties, successful TIE
completionisgeneraly possible if proper TIE procedures are conducted by appropriately trained
and experienced Staff.

Consideration of Persistence and Magnitude of Toxicity Events

For the purpose of this document, “ persistence’ is defined as the tendency for toxicity within asingle
effluent sample to remain over time. “Congstency” is defined as the tendency for toxicity to be expressed
in an effluent & smilar levels across samples and over time. “Magnitude’ refers to the degree of toxicity
demondirated in a test, or how large the effect was in the test. EPA acknowledges that intermittent or
margind toxicity may be more difficult to detect, but that a properly conducted TIE has a reasonable
expectation of successfully finding the toxicant(s) respons ble for the effluent noncompliance. One definition
of margind toxicity is a very dight (but satistically sgnificant) effect at a dilution that contains a high
proportionof effluent (e.g., above 80 percent). For a TIE to successtully identify and confirm toxicants as
part of a TRE, toxicity must be present in a sample. Expecting a TIE to immediady follow a Sngle or
infrequent event of WET noncompliance is unredigtic. Rather, the persistence (duration, frequency) and
meagnitude of components of the exposure should be characterized immediately through additiona testing

iv March 27, 2001



to evaluate whether a TIE would help identify the source of toxicity. Intermittent or margind toxicity may
be addressed by increesng WET testing frequency and aways obtaining sufficient sample volume to
perform TIE procedures ontoxic samples. Andternative to performingaTIE isto conduct treatability tests
that use bench-scale trestment units to identify process changes that reduce toxicity through changes in
trestment type, arrangement, or method. These tests, however, may not identify which toxicant is being
removed or reduced.

lonic Imbalance

lonic imbaance is defined as a combination of sdts in an effluent that (1) are present at leves or in
ratios inconsstent with those normaly found in most naturaly occurring waters, and (2) demonstrate
toxicity during a WET test. These salts are normaly referred to as totd dissolved solids (TDS). TDS
imbaances that result in toxic discharges are the responshility of the discharger, asare dl other effluent
condtituents and their effects. Industria processes that typically produce effluent with high concentrations
of ions indude textile manufacturing, pickling, and ail refining. Processes that produce effluents with low
ionic strength typicaly include remediation of contaminated groundwater and condensate discharge. In
some cases, the imba ance may result solely from an ionic imbaance in the source water. For example, if
afacility obtains its source water from the same stream to which it discharges, and the source water has
atoxic ionic imbaance therefore causing the discharge to be toxic, regulatory authorities should take this
into consderation when eva uating the permittee’ s compliance satus.

Permit and Enforcement Mechanisms To Implement a TRE

The regulatory authority may require a TRE through the permit, an order for information, or an
enforcement action. EPA strongly recommends, however, that permittees voluntarily inditute initid TRE
activities any time a toxic event occurs. In addition to WET testing, the TRE process may include
investigation of general housekeeping procedures, afadility review of treetment and process chemicds and
uses, TIE procedures, treatability tests, and monitoring of suspected toxicants in the effluent.

» The effectiveness of the National Pollutant Discharge Himination System (NPDES) permitting
process for WET rdieson having an adequate amount of vaid data acquired usng EPA-approved
test species and methods (USEPA 1993c, 1994a, 1994b, 1995, 1999b).

» EPA recommends that permittees develop abasic TRE strategy (USEPA 1989a, 19994) before
the need arisesto facilitate arapid response in the event of toxicity. The strategy should include a
summary of basdine information; operationd efficiencies; evauationof potential TRE consultants;
and a thorough review and update of chemica inventories, uses, and input points for potentia
effluent toxicants.

* EPA recommends that permittees voluntarily inditute initid TRE activities any time atoxic event
occurs.
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* Once a permittee reduces toxicity to an acceptable level (or diminaes it) and mantans
compliance, the TRE god has been met. The TRE then may be discontinued, if appropriate, and
the routine monitoring schedule, if included in the permit, resumed.

» Enforcement decisons should be guided by case- and Site-specific consderation of existing and
higtorica toxicity, induding toxicity magnitude, duration, and frequency, and the permittee's
diligence in resolving and preventing WET noncompliance.

Inconclusve TREsand TIEs

In somerare ingances, TREs and TIEs have been unsuccessful or inconclusive. EPA acknowledges
that some permittees have aggressively pursued a TRE using highly qudified technica support, but have
been ungble to resolve the problem. EPA has demonstrated its intent for appropriate discretion and
condructive resolution through its established record of working cooperatively with permittees in these
Cases.
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BACKGROUND

EPA’s Technical Support Document for Water Quality-based Toxics Control (TSD) (USEPA
1991a) defines a TRE as “a ste-specific study conducted in a stepwise process designed to identify the
causative agents of effluent toxicity, isolate the sources of toxicity, evauate the effectiveness of toxicity
control options, and then confirmthe reductionin effluent toxicity.” TREs (USEPA 1989a, 1989b, 1999a)
comprisedl measuresthat are takentoreduceobserved WET to levels that will meet NPDES WET permit
requirements and ensure attainment of water quality standards. The evaluations use various tools, which
may include TIEs, to meet NPDES objectives.

Each TRE requires case-specific invesigative measures and solutions. Therefore, the permittee should
consider dl gppropriate options when developing and implementing a TRE. The regulatory authority has
acritical oversght role inensuring that the permittee aggressively pursuesthe TRE to resolve toxicity issues
inatimdy and effective manner. Compliance, however, is ultimatdy the permittee’ s reponshility. The
regulatory authority should evauate the adequacy of the TRE drategy and process from a scientific
perspective to help the permittee useresourceswisdy. The regulatory authority should also track the TRE
asreports are submitted to ensure that the TRE is proceeding inareasonabl e direction at areasonable rate.
The guidance presented here provides both the NPDES permittee and the regulatory authority flexibility
when developing ste-specific TRE plans

The TSD recommends various approaches for conducting TREs and TIEs. Additionally, EPA’s
Toxicity Reduction Evaluation Guidance for Municipal Wastewater Treatment Plants (USEPA
1999a) providesagenerd framework for conducting TRES, dong withguidance on available methodsand
procedures (see especidly Figures 1-1, 3-1, 4-1, and 6-1 of the municipal TRE guidance). EPA
encourages NPDES permittees to gpply the methods referenced in the TSD for reducing toxicity before
the discharge is subject to regulatory review (e.g., before application or regpplication for a permit) and
action dueto WET.

As acomponent of aTRE, TIE procedures (USEPA 1988, 1991b, 1992, 19933, 1993b, 1996) are
used to characterize and identify the cause(s) of toxicity. EPA grongly recommends conducting TIE
procedures, but generdly does not require that TIES be performed aspart of aTRE. TIE procedures are
commonly performed in three phases—characterization, identification, and confirmation—in either a
stepwise fashion or amultaneoudy, depending on the characterigtics of the toxicity and effluent. Based on
TIE reaults, the permittee may decide to conduct treatability tests on the find effluent or conduct source
investigations, or both. This may lead to control methods such as chemicd subgtitution, process
modification, treetment of process or influent streams (pretreatment), or eimination of processes. Figure 1
illustrates some possible pathways for a TRE.

DETERMINING WHEN AND UNDER WHAT CIRCUMSTANCES TO CONDUCT TREs
AND TIEs

Regulaionof pollutant parameters, induding WET, inthe NPDES programis comprised of permitting,
compliance assessment, and enforcement. In the permitting phase, the permitting authority determines
whether a discharge causes, hasreasonable potentia to cause, or contributesto an in-stream excursion of
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awater qudity criterion. Whenadischarge causes, has reasonable potentia to cause, or contributes to an
excursion above anarrative WET criterion (e.g., no toxics in toxic amounts), a WET limit is generdly
required. One exception is when the permitting authority demondgtrates that chemical-specific limits
incorporated into the permit, instead of a WET limit, are sufficient to attain and maintain al gpplicable
numeric and narrative water quality standards [40 CFR 8 122.44(d)(1)(V)].

WET monitoring
via permit or order

¥

Toxicity demonstrated at
adilution of concern

¥

Accelerated testing
required

Toxicity
repeated?

YES I
—

monitoring frequency

Return to regular I

Begin TRE
activitiest?
. Toxicity not
— Toxicity resolved resolved (after )
diligen effort
\
Toxicant(s) Toxicant(s) not I
identified and identified but — . :
confirmed trestability worked Intermittent I Inconclusive
TRE completed .
Continue TRE
- Increase frequency
- Work with permittee
- - Implement BMPs
Returntoincreased
monitoring frequency
Chemical-specific limit if
narrativetoxicscriteria WET limit
or whether criteria Compliance
WET and chemica limits are numeric or
if numeric toxics narrative
criteria

1 May include chemical use inventory and survey; facility housekeeping, standard operating procedures; operation and maintenance review;
process review; review of raw materials/treatment compounds; any recent changes in use, type, or suppliers; and TIEs or treatablity studiesor both.
2 Regular versus Increased—After a TRE, at |east quarterly monitoring would ensure that controls were working.
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If a discharge causes, has reasonable potentia to cause, or contributes to an excurson above a
numeric WET criterion, the NPDES regulaions require establishment of a WET limit [40 CFR 8§
122.44(d)(1)(iv)]. The NPDES permit will contan aWET limit and requirements to assess WET usng
prescribed methods (USEPA 1993c, 1994a, 1994b, 1995) at aprescribed frequency. Whenwater quaity
standardsinclude a numeric criterion for WET and monitoring resultsindicate that a WET limit is needed
to ensurethat water quaity standards are met consstently, the permitting authority must reopenthe permit
to incorporate numeric WET limits or establish numeric WET limitswhen the permit is reissued [40 CFR
§122.44(d)(1)(iv)]. Compliance or noncompliance with a WET limit is determined by comparing the test
result to the effluent limit. Whether a permittee uses the correct methods and collects test samples a the
location and frequency specified inthe permit directly affects compliance status. When aWET limit is not
required, a NPDES permit may require WET monitoring only (i.e., monitoring without numeric WET
limits).

Whenthe NPDES permit gpplication and screening do not find reasonabl e potentia for toxicity, WET
monitoring is recommended to ensure that toxicity is not present due to other factors (e.g., pH, hardness,
combined pollutant effects, pollutants not known or suspected to have been present at toxic levels). WET
monitoring data may indicate the need for a TRE and WET limits.

The permitting authority should establish in the permit whether (and if so, when) the permittee mugt
initiate a TRE. In the absence of a permit requirement to conduct a TRE, permittees should consider
conducting a TRE whenever they anticipate non-compliance with the permit limit. Generdly, this will be
when toxicity testing results obtained during scheduled monitoring indicate falure at a specific level of
dilution, either at or near the low-flow dilution.

Depending onthe specific circumstances, a single toxic event could trigger a TRE. For example, poor
operation and maintenance at an indudtria user may result in a Soill of toxic cleaning materids that are
washed down through floor drains into the wastewater system, causing a treatment plant upset and a
toxicity test fallure. Inthis case, the TRE may be rdaively easy to complete, because the source of toxicity
could be eadly identified. Resolving the toxicity issue(s) may be as draightforward as improving
housekeeping proceduresto prevent recurrences. Incases of more perastent and dusive toxicity, the TRE
may be triggered by failure in a test and in subsequent required testing. Severa TIE analyses may be
needed to characterize and confirm the sources of the toxicity. In this case, the duration of the TRE may
be longer and it may result in chemica-specific permit limits.

EPA’s TSD recommends that permits require additional WET tegting after any WET test falure. A
TRE isappropriate if non-compliant toxicity isdemonstrated inany of the additional tests. For al additiona
tests conducted before and during a TRE, the permittee should obtain a auffident volume of sampleto
performboth WET testingand appropriatechemica andyssinthe event that the test demonstratestoxicity.
Although these additiond effluent samples cannot be assumed to be replicates of tests performed on the
origina sample, they canbe used for ng toxicity persistence and the presence of probable pers stent
toxic agents.

The permittee may initiate a TRE or the TRE may be required by a regulatory authority when the
permittee cannot adequately explain and immediately correct a toxicity problem. For example, when a
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permittee cannot readily resolve atoxicity problem, more frequent monitoring can help define the period
of noncompliance, thus possibly limiting the duration of the ligbility for noncompliance. Permittees should
independently undertakeinitid TRE procedures (e.g., additiond toxicity testing) whenever atoxic discharge
gtuation exigts, whether or not alimit isin effect. Regulatory agencies can require a permittee to conduct
aTRE through (1) NPDES permit requirements(e.g., WET monitoring requirementsand special conditions
of the permit requiring a TRE triggered by observati on of unacceptabl e toxicity); (2) aninformationrequest
letter issued pursuant to Clean Water Act (CWA) section 308 or analogous state (or tribd) authorities; or
(3) an adminidrative order or consent decree pursuant to authorities in section 309 of the CWA or
anadogous authorities of state(s) or tribe(s) authorized to administer the NPDES program.

CONDUCTING A TRE

A TRE may be implemented in severd ways. A TRE is not necessarily along-term study, and it does
not necessarily require extensve research. Any activities that result in consstently reducing toxicity to an
acceptable level may be consdered TRE activities. Such activities could include a review of ongte
chemicals, chemica use, and housekeeping practicesfor any permittee determined to be innoncompliance.
Some toxicity problems have been resolved by raively smple means (e.g., Sweeping instead of washing
down a process area). In other cases, toxic chemicals used ineveryday procedures (e.g., toxic flocculent
polymers) may be replaced with less toxic compounds (for additiona guidance, see USEPA 1989a,b;
19994). In some cases, correcting or changing chemica use and operationd procedures in manufacturing
or wastewater trestment processes has an added benefit of cost savings.

EPA recommends that permittees develop a basc TRE strategy before arapid response to toxicity,
suchasacomplex TRE/TIE or other regulatory action, is needed. The Strategy should indludea summary
of basdine information, including operaiond efficiencies; evaduation of potentid TRE consultants, and a
thorough review and update of chemica inventories, chemica uses, and input points for potentid effluent
toxicants.

TREs usudly are triggered by a demondtration of toxicity at an unacceptable levd, as defined in the
NPDES permit (e.g., amonitoring requirement). Upon demongrating the need for a TRE, the permittee
should immediately undertake two actions, regardless of whether they are required in the permit: (1)
temporarily increase the testing frequency for the affected species, and (2) collect additiona samplesfor
possible chemicd andyss. The testing frequency increase may be necessary to determine if the toxic event
is an isolated incident or if a toxicant is being discharged on a regular basis. When an increase in test
frequency isrequired by the regulatory authority, the number of tests required and the period of time over
which the tests are to be conducted are at the regulatory authority’s discretion. The sample volume
collected should be increased to ensure that suffident sample isavailable to perform toxicant identification
on al samples used for WET testing.

While some ateration of toxicants may occur during storage, every effort should be madeto begin TIE
andyssas soon asit is apparent that asample is demongtrating toxicity during the baseline (or scheduled)
test. The additiona sample volume may be appropriately stored ongte for shipment to laboratories for
further testing if toxicity is found. Follow-up chemica andyses of stored samples may be effective only for
persstent chemicals or those with perdstent characteristics. Results of these follow-up andyses should be
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interpreted with caution because the toxicants that are present in the later tests may differ from those
causing toxic effectsin the origind sample. When a suspect toxicant is identified, future samples should
aways be andyzed for that toxicant and the sampling results should be reported to the regul atory authority.
If the toxic event is an isolated incident, demonstrated by lack of toxicity in retesting over an extended
period (e.g., during the next three months of accelerated testing), the TRE may be discontinued if the
regulatory authority is satisfied that an additiona occurrence is unlikely.

The TRE should have a defined start date, plan of execution, and proposed completion date. The
regulatory authority and the permittee should meet at the outset of the TRE to identify and understand each
other’ sexpectations and limitations. EPA recommends a smilar meeting toward the conclusonof the TRE
to discuss findings and follow-up. The regulatory authority should be available for consultationat any point
in the process.

The regulatory authority typicaly monitors implementation of the TRE through progress reports
submitted by the permittee. EPA recommends that progress reports be submitted at least quarterly. The
reports should provide al WET and chemica test data, studies, and other TRE-relevant information that
have been developed in the preceding quarter. The regulatory authority is respongble for reviewing TRE
progress reports to ensure that data and results submitted by the permittee are reasonable and expected
to lead to successful and timely conclusion of the TRE. Therefore, the permittee should document its TRE
plan, induding expertise used to design and executethe TRE. The permittee is responsible for ensuring that
the TRE results in the reduction or eimination of effluent toxicity to the level necessary to prevent adverse
in-stream impacts.

The permittee should be dlowed an adequate period of time to find several toxic samples to
characterize toxicity. A permittee may request and recelve permisson to terminate the TRE after
demondtrating that the toxicity has been adequately characterized and appropriate controls have been
selected and properly implemented, resulting in a reduction or diminationof the toxicity. If additiond time
is needed and technicaly warranted, the TRE may be extended for a reasonable period of time. At a
minimum, the TRE plan should include the WET (and any suspect chemical) testing requirements, testing
frequencies, and reporting requirements established by the regulatory authority. For example, full-scde
quarterly chronic tests may be required, with low-cost streamlined tests using only the dilutionof concern
(or 100 percent effluent) and a control during those months when quarterly testsarenot otherwiserequired.
This approach alows more frequent testing for a smal increase in cost and sgnificantly increases the
opportunity of capturing toxic events.

Because many permittees have had more experience with chemical-specific samples, there is a
tendency to address WET immediady by andyzingabroad spectrum of chemicd parameters (e.g., priority
pollutant anayses). Experienceindi catesthat thisuntargeted approach frequently yields poor results. Unless
the potentia risksare obvioudy chemicd innature, EPA recommends that the toxicologica methods (i.e,
TIE or treatability) be used as the primary means for reducing toxicity.
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REDUCING TOXICITY

Toxicity may be addressed by implementing one of two principa approaches. (1) a TIE or (2)
treatability sudies. The success of TIEs depends on obtaining an adequate number of toxic samples. EPA
recommends that toxic samplesbe identified usng TIE procedures (USEPA 1988, 1991b, 1992, 19934,
1996) and confirmationtesting (USEPA 1993b). Confirmation of the toxicant includes demondrating that
the levd of toxicant is high enough to cause the demonstrated leved of toxicity at the dilution of concern.
Once the toxicant has been identified, levels of the suspect toxicants should be monitored in dl future test
samples to confirm that Imilar toxic effects are demonstrated when similar toxicant levels are found.
Toxicant reduction at the source should be considered preferable to treating toxicity, but such decisons
are heavily influenced by cost factors, energy consumption, and product viability. A TIE and any toxicity
treatability tests should be considered early in the TRE process. Regulatory agenciesmay require TIEs on
a case-by-case bass usang information-gathering authorities. EPA has developed guidance on how to
perform athree-phase TIE, but it does not generdly require that these procedures be used (see USEPA
TRE and TIE guidance documentslisted inthe references). Neglecting to identify and control any toxicants
responsible for WET test failures however, mayresult ina WET permit limit, evenif no limit was previoudy
established.

The permittee may choose to use atreatability approachrather thanthetoxicant identificationapproach
to reduce toxicity. In this case, a WET limit would still be warranted [pursuant to 40 CFR § 122.44
(d)(2)(v)], if the toxicant is not identified, confirmed, and reduced or diminated through implemented
controls. If toxicity is reduced through atreatability test but not identified, a WET limit is required because
the specific compound(s) or operationd practice(s) that led to toxicity cannot be determined or controlled,
and toxicity may recur.

The decision to pursue either the source reduction or trestability path for resolving WET problems
depends on the ste-gpecific costs and benefits of both approaches. Permittees and regulatory agencies
should discuss the benefits and burdens of both choices. Identification and confirmation of toxicants may
lead to chemicd-gspecific limits rather than a WET limit, wheress toxicity reduction using a treatability
gpproach generdly resultsin aWET limit. As noted, a suite of procedures should be used to achieve the
mogt effective and efficient results for each permittee.

Whenusngather the TIE or treatability approach, the toxicity should be reduced to alevel that ensures
compliancewithNPDES permit requirements and atainment of water qudity standards. Althougha permit
may contain chemical-specific limits for some compound(s) and the effluent is meeting those limits, these
limits may not be stringent enough to preclude unacceptable levels of toxicity in the WET test. This
conditionmay bedueto additive or synergidic effects of compoundsor locaized conditions of the recaiving
stream, such as hardness and/or pH. In such cases, imposng WET limits or more stringent chemical-
specific limits may be necessary to ensure compliance with numeric WET criteria or narrative toxicity
criteria
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TECHNICAL LIMITATIONSOF THE TIE PROCEDURES

EPA bdievesthat two factors most frequently affect the technical success of characterizing, identifying,
and confirming the cause(s) of toxicity: (1) past experience with successful TIE completion; and (2) degree
of wastewater complexity and variability (Audey et d. 1998). Another cause for unsuccessful TIES is
attempting to cut costs by eiminating portions of the TIE effluent characterization process. Permittees
conducting TREs and TIEs should closely scrutinize the experience and past successes of potentia
consultants to ensure that a fully qudified team is conducting the evaluation. Laboratories should
demondtrate past experience and clearly show timdinessof thair resultsinproposals. Laboratories should
have accessto individuds fromvarious disciplines, induding aquatic toxicology, chemigtry, and wastewater
engineering. Throughout the TRE/TIE, permittees should continue to evaluate progress, and, if necessary,
make appropriate corrections. Insufficient progressin the TRE/TIE effort should lead to the selection of
aternative methods or consultants, or both.

The difficulty in completing a successful TIE, as the wdl as the amount of time required, will likdy
increase in proportion to the complexity of toxicants in the wastewater. As the number of chemica
condituents in the wastewater increases, the interactions of those chemicds (with both biologica and
andyticd sysems) compound the difficulty in identifying toxicants. When multiple toxicants are present in
asample, identifying and resolving the toxicants serialy may be necessary due to masking or confounding
influences. Additiondly, the difficulty and complexity of a TIE may increase as the toxicity magnitude and
frequency decrease (less toxic, less often). Conversaly, as the toxicity magnitude and frequency increase
(more toxic, more often), wastewater components causing toxicity may become more reedily identifigble.
This conclusion has been effectively supported by the research of McCulloch et d. (1998), who found
direct relationships betweenincreasng toxicity frequency and magnitude and increased successintoxicant
characterization and identification. Despite the potentid difficulties, successful TIE completionis generdly
possible if proper TIE procedures are conducted by trained and experienced staff.

Since EPA published the firgt editions of the TIE procedures (USEPA 1988, 1989d, 1989), the
commercid, academic, regulatory, and regulated communities have gained additiona experiencewithTIE
procedures. These procedures are used routindy and successtully in resolving unacceptable levels of
toxiaty. To update and provide broad access to these procedures, the Society of Environmental
Toxicology and Chemisgtry (SETAC) is developing a summary report highlighting any TIE proceduresthat
have evolved over the past decade and conducting a comprehensve literature search of TIE-related
publications. When SETAC has completed and findized the summary report and literature search, the
information will be available on the Internet a http://www.setac.org.

Although conducting chronic toxicity testsand chronic TIE procedures may be more expensve and
time-consuming, Audeyetd. (1998) reported no sgnificant distinctions between the methodology or ability
of acute and chronic toxicity tests (if properly conducted) to identify toxicants and resolve toxicity issues.
Acute and chronic TIE procedures are reliable means of resolving toxicity issues and lead to appropriate
controls. The greater time required to conduct chronic TIES should be considered in evaluating an
appropriate compliance schedule.
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CONSIDERATION OF PERSISTENCE AND MAGNITUDE OF TOXICITY EVENTS

Whenever WET monitoringindicatestoxidty, initid TRE activitiesshould be indtituted by the permittee,
whether or not the NPDES permit contains WET limits or TRE requirements. The persstence and
magnitude or degree of toxicity, however, should be a primary factor driving the specific procedures that
are part of a TRE and the timing of those procedures. Initid TRE activities should indude accel erated
tedting (e.g., weekly testing) in conjunction with an in-plant survey to identify potentid causes of toxicity
related to changesin processes or chemica use. When WET limits are included in permits, the permittee
should pursue methods of reducing toxicity until WET testing indicates that permit limits are being met.
Guideinesfor initiating TRE activities are identified in the TSD (see Section 5.8.3).

For a TIE to successfully identify and confirm toxicants as part of a TRE, toxicity must be present in
a sample. Therefore, increadang the sample volume and testing frequency for the affected test species to
obtain sampleswithsufficent toxicityis prudent to ensureasuccessful TIE. Expectinga TIE to immediately
followasngle or infrequent event of WET noncompliance is unredigtic. Rether, the persistence (duration,
frequency) and magnitude of components of the exposure should be characterized immediatdy through
additiond testing to evduate whether a TIE would help reduce toxicity. A TIE should be initiated as soon
astoxicity is observed in such follow-up andyses.

Whenever WET monitoring indicates toxicity, EPA recommends additional testing at |east once per
monthfor Sx months. Testing also could be as frequent as once per week for at least two months. During
this accel erated testing phase, if more than one sample demonstrates an unacceptable level of toxidty, the
fadility should evauate plant housekeeping and conduct TIE characterization steps. When intermittent or
margind toxicity isfound, the permittee should routindy obtainand storeadequatesamplesto performboth
WET testsand TIE procedures. The permittee should be required to perform sufficient sampling to ensure
that toxic samples are obtained in adequate amountsto conduct TIE procedures or treatability tests on the
toxic samples. Note that holding time may affect sample toxicity. If samplesare hdd beyond the maximum
holding times specified in the WET methods, the potentia for toxicity degradation should befactored into
the interpretation of the results (e.g., USEPA 1991b, 1992).

An dternative to performing a TIE is to conduct trestability tests that use bench-scade trestment units
to identify processchangesthat reduce toxicity through changesintreatment type, arrangement, or method.
These tests, however, may not identify which toxicant is being removed or reduced. As with TIE
procedures, toxic samples are necessary to perform treatability tests successfully. Therefore, adequate
sampling frequency is required to capture toxic samples. Toxic compounds may be oxidized, reduced,
complexed, flocced, or trapped indudges, reaulting inalesstoxic discharge. Althoughtreetabilitytests have
been successfully used at publicaly owned trestment works, these tests have severa drawbacks. For
example, bench-scale reactors do not dways provide an accurate prediction of what will happeninthe full-
scae plant, and permittees could spend sgnificant amounts of money oninappropriate trestment. (Seethe
attached reference list for documents on treatability guidance and case examples))
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IONIC IMBALANCE OF EFFLUENTS

EPA’s TSD (USEPA 19914a) recognizes the presence of excessve levels of total dissolved solids
(TDYS) ineffluent, which can cause anionic imbaance, as pollution. Severd studieshave produced abetter
understanding of the role of ionic imbaance in WET, which hasled EPA to confirm its earlier conclusion
that wastewater discharges that creste physiologicaly intolerable conditions for sengtive aquatic species
should generdly be considered toxic. Toxicity caused by TDS or animbaance of ions can be characterized
through various published methods induding, for example, the EPA TIE procedures (USEPA 1991b;
1992; 1993a,b; 1996), Ingersoll et d. (1992), McCulloch et d. (1993), Gorsuch et d. (1993), Tietge et
al. (1994), Goodfdlow et a. (2000), Pillard et d. (2000), and Kline and Stekoll (2000).

A dgnificant imbaance in the ionic content of wastewater relative to recelving streams creates
conditions harmful to aguatic populations (Goodfdlow et d. 2000, Audey et d. 1998). Thisistrue whether
sgngleions are excessve, mgjor ions are imbaanced, or even if physiologicaly necessary ions are lacking
or imbaanced. EPA’ sopinionisthat these characteritics, if intolerable to resdent aguatic populations, are
toxic. Industrid processesthat typicdly produce high ionic-strength effluents indude textile manufacturing
(sdtsused in dye leveling), pickling (brines used for preserving), chemica production and metd finishing
(chemica manipulaion of pH), and boiler blow down (concentration by evaporation). Drinking water
filtrationfadlitiesand other fadilitiesthat use reverse osmoss aso produce high TDS wastestreams. Waste
streams with very low ionic concentrations can come from cooling water, condensate discharge, and
contaminated groundwater remediation. I1nsome cases, aTDS imbdanceinthe discharge may result solely
from an ionic imbaance in the source water. For example, if afacility obtainsits source water from the
same stream to whichit discharges, and the source water hasatoxic ionic imbaance therefore causing the
discharge to be toxic, regulatory authorities should take this into consideration when evauating the
permittee’ s compliance status.

I nassessing potentid toxic effects of the ionic makeup of wastewater, making appropriate assumptions
regarding dilution and using gppropriate test species are essentia. Regulatory agencies should consider
gppropriate dilutionscenariosfor each discharge (i.e., when dlowed under state regulations or gpplicable
water quality standards) to determine the appropriate degree of mixing before measuring the acute and/or
chronic effects of the discharge. The TSD (USEPA 19914a) provides guidanceondeterminingthesedilution
scenarios. Although choices of test organiams to assesstoxicity in TIEs may vary, the species tested to
assess compliance with WET limits of the NPDES permit should be surrogates of equivadent senstivity to
the EPA-approved species gppropriate for the resdent community (i.e., marine and estuarine species in
amarine and estuarine environment and freshwater species in a freshwater environment).

PERMIT AND ENFORCEMENT MECHANISMSTO IMPLEMENT A TRE

WhenWET testing shows continued toxicity or toxicity at unacceptable levels, NPDES permitsshould
require an increase in the WET testing frequency for affected species. A TRE may not be necessaryas a
permit requirement when the permit contains WET limits. When a WET limit is in effect and has been
exceeded, the permittee should meet with the regulatory authority to establish a plan and schedule for
returning to compliance, Smilar to the practices currently inusefor other permit limit violations. When the
permit includes WET monitoring but does not include limits on WET, EPA bdieves it is appropriate to
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incdlude permit conditions that require the permittee to submit a plan and schedule to address toxidity if
toxicity is demonstrated by WET monitoring. In addition, the permitting authority may reopen the permit
to include WET limits, if additional monitoring indicates toxicity and the need for WET limits. For permits
without WET limits but with WET monitoring requirements, EPA recommends increesing WET testing
frequency for the affected species upon demondration of toxicity to at least one WET test per month for
at least three months to determine whether toxicity is condgstent or intermittent.

EPA supports both TIE and treatability as acceptable approachesto resolving toxicity. For thisreason,
EPA does not believe specifying a particular methodology for TRESisnecessary (e.g., TIES or tregtability
testing). EPA recommendsidentifying the specific toxicant through TIE analysis for severd reasons. Firs,
this gpproach alows the permittee to reduce toxicants at the source rather thantreat and passthemto the
environment. Second, this gpproach alows for the possibility of a chemica-specific limit to be used inthe
permit inlieuof aWET limit inwhichanarrative toxicity criterion applies. Findly, if treetment is necessary,
the specific treatment to control the toxicant can be implemented, resulting in a Sgnificant cost savingsto
the permittee.

As noted above, a TRE may beinitiated by a permittee or required by aregulatory authority when the
permittee cannot adequatdly explain and immediately correct a toxicity problem. Regulatory agenciescan
require a permittee to conduct a TRE through permit requirements, a CWA section 308 letter, or an
enforcement action. Whendlowable under gpplicable water qudity standards, the regulatory authority can
establishacompliance schedule for aWET limit as part of the permit. Thiscomplianceschedule dso dlows
the permittee more time to collect additiond WET monitoring data, to implement or continue a TRE to
resolve itstoxicity problem, and to come into compliance with aWET limit.

The permittee must comply withal conditions of its NPDES permiit. If a permittee violates the permit,
the permitteeis subject to enforcement actionand is expected to returnto compliance as soonas possible.
When a pamit contains a WET limit and the permittee violates the limit, EPA’s 1989c¢ national
“Enforcement Management System” recommendsanimmediate, professiond review of that violation, which
may or may not result in a forma enforcement action. EPA’s national enforcement guidance aso
recommends an escdaing enforcement response to continuing violations of any parameter. The
enforcement response depends on the circumstances surrounding the violation and can range from an
informd action, suchas a phone cdl or warning letter, to aforma adminigtrative action (with or without a
pendty), such asacivil judicia enforcement action. EPA considers factors such as nature, severity, and
frequency of the violation; human heath and environmenta impacts, and compliance higtory of the facility
when determining an appropriate enforcement response.

Anadminigretive order requiring a permittee in violaion of aWET limit to conduct accel erated WET
testing is one enforcement mechanism used to implement a TRE. The adminidrative order typically would
include requirements to implement corrective actions identified by the TRE and to comply with the permit
WET requirements by a certain date, according to a schedule established in the order. The enforcement
authority dso may initiate an adminigrative pendty order or acivil judicid action if the permittee SWET
violations cause known environmental harm or if the permittee neglectsto complete routine or accel erated
WET tedting.
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INCONCLUSIVE TRESTIES

EPA’s 1989c Whole Effluent Toxicity Basic Permitting Principles and Enforcement Strategy
states that “In afew highly unusud cases where the permittee has implemented an exhaudive TRE plan,
applied appropriate influent and effluent controls, maintained compliance with dl other effluent limits
compliance schedules, monitoring, and other permit requirements, but is gtill unable to attain or maintain
compliancewith toxicity-based limits, specia technical evaluationmay be warranted and avil pendty relief
granted. Solutions inthese cases could be pursued jointly withexpertisefromEPA and/or the States aswell
as the permittee” EPA’s WET control policy reiterates this atement (USEPA 1994c). EPA ad
authorized states have aready participated in such cases and demonstrated their willingnessto work with
permittees to arrive at reasonable and protective solutions. Below are some specific examples:

» EPA’slaboratory in Duluth, Minnesota, has helped characterize effluents from the private and
governmental sectors in severa cases where commercid laboratories have been unable to
determine the cause of toxicity. Other federal |aboratories have developed new or modified
procedures to address toxicity atributable to TDS. At the same time, when the permittee has
demonstrated that it is aggressvey pursuing the reduction or dimination of toxicity, enforcement
discretion has enabled the permittee to concentrate greater effortstoward resolving the problem.

* In North Caraling, intensve TIE analyses indicated a key process compound in an indudtrid
wastewater discharge was problematic. Providing a subdtitute for the compound in the
manufacturing process without negatively affecting the facility’s product was not possible using
avalable technology. After the fadility took progressive stepsto identify thetoxicant, itwasalowed
regulatory relief under an agreement to fund industry-wide research into less toxic subgtitute
compounds and the technology the facility needs to operate properly. Resolutionin this case was
directed at reducing WET for one fadility, while extending the possihility of toxicity reductionto the
industry asawhole.

» EPA has worked with locd governments and developed public education programs to inform
citizens about pollution preventionwhere organo-phosphate pesticide use has beenfound to cause
toxicity in publicdly owned trestment works. When public education was used aggressively,
publicaly owned trestment works were able to demonstrate compliance withther NPDES permit
limits. When public education programs ended, in some cases, WET testing detected the toxicity

again.

TIEs thet fail to characterize toxicants effectively frequently do so for one of two reasons (Audey et
d. 1998). The fird is the indbility of inexperienced individuds to interpret results correctly and to follow
observed clues through to identification and confirmation. The second is difficulty in  applying TIE
techniques to sampleswithintermittent toxicity or withtoxicity caused by changing toxicants. Effluentswith
these characterigtics pose challenges even to experienced andysts. These cases present the best possible
argument for developing a comprehensve TRE planthat emphasi zes Sahilizing and optimizing process and
trestment options a afacility to minimize “moving” targets.
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TREs that fal to resolve noncompliancewithWET limitsor TRESs that do not meet established targets
(e.g., anactionlevd for the permit whenthe permit does not have a WET limit) are incomplete and should
continue until al gods are met. Also, incondusive TIE resultsshould lead investigators to seek assistance
fromotherswith additiona experience, such as experts a EPA Headquarters or Regiond officesor state
or loca experts. Although aternative approaches are generdly site-specific and may be considered trade
secrets, some laboratories and trade organizations may share some techniques.

CONCLUSIONS

TREs and TIEs have been used to successtully resolve toxicity under the NPDES program. Although
regulatory authorities can request that a permittee conduct a TRE, permittees should consider initiating
preliminary TRE procedures to reduce or eiminate toxicity whenever atoxic discharge occursthat results
in noncompliance. Although TIEs are not required to be part of a TRE plan, TIEs should be considered
early in the TRE process because EPA has found that TIES have beenhighly successful in resolving WET
whenaggressvely implemented. While more difficult to detect, intermittent toxicity may beaddressed by
increesng WET testing frequency and ensuring that sufficient sample volumes are taken to performal the

necessary TIES.

Each TRE requires case-gpecific investigative measures and solutions. Therefore, the permittee should
consider dl appropriate options whendeveloping and implementinga TRE. For example, a TRE need not
bealong-termstudy or require extensve research. Any activitiesthat result in congstently reducing toxicity
to an acceptable level may be consdered TRE activities.

Once a permittee reduces toxicity to an acceptable leve (or eiminates it) and maintains compliance,
the TRE goa has beenmet. The TRE then may be discontinued, if gppropriate, and the routine monitoring
schedule, if incdluded in the permit, resumed. Enforcement decisions should be guided by case- and Site-
gpecific consderation of exising and higtoricd toxicity, including toxicity magnitude, duration, and
frequency, and the permittee s diligence in resolving and preventing WET noncompliance.

Findly, permittees and permitting authorities should establish early in the TRE process a cooperative
and communicative rdationship that should be maintained until the TRE is successfully completed and any
necessary controls arefullyimplemented. Good communication and awell-conceived TRE plan canensure
that dl parties understand the requirements and expectations and can result in a more effective and faster
resolution of the observed toxicity.

Additiona sources of information on conducting TRES'TIES are listed in the reference section of this
document. The names of Headquarters and Regiona contacts for EPA’s Water Qudity Program can be
obtained onthe Internet at hitp://www.epa.gov/npdes. The namesof SETAC's Expert Advisory Panel on
WET arelisted at http://www.setac.org/wetPand shtml. Also, permitteesshould stay in close contact with
their Regiond or state regulatory authority when working through the TRE process.
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