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Notice and Disclaimer

The U.S. Environmental Protection Agency, through its Office of Water, has funded, managed, and
collaborated in the development of this guidance, which was prepared under order 7W-1235-NASX to
Aquatic Sciences Consulting; order 5W-2260-NASA to EA Engineering, Science and Technology, Inc.; and
contracts 68-03-3431, 68-C®®, and 68-CDB102 to Parsons Engineering Science, Inc. It has been
subjected to the Agency's peer and administrative review and has been approved for publication.

The statements in this document are intended solely as guidance. This document is not intended, nor can it
be relied on, to create any rights enforceable by any party in litigation with the United States. EPA and State
officials may decide to follow the guidance provided in this document, or to act at variance with the
guidance, based on an analysis of site-specific circumstances. This guidance may be revised without public
notice to reflect changes in EPA policy.



Foreword

This document is intended to provide guidance to permittees, permit writers, and consultants on the general
approach and procedures for conducting toxicity reduction evaluations (TREs) at municipal wastewater
treatment plants. TREs are important tools for Publicly Owned Treatment Works (POTWSs) to use to identify
and reduce or eliminate toxicity in a wastewater discharge. TREs may be required by the discharger's
National Pollutant Discharge Elimination System (NPDES) permit or through state or federal enforcement
actions. Dischargers can use the guidance to evaluate the nature and sources of effluent toxicity before a
TRE becomes a regulatory requirement. Whether the TRE is voluntary or mandated, this guidance can be
helpful in preparing and executing a plan to address effluent toxicity.

This guidance describes the general approaches that have been successfully used in municipal TREs. Each
TRE will be different; therefore, the strategy for conducting TREs should be tailored to address site-specific
conditions. The components of a TRE may include the collection and review of pertinent data; an evaluation
of the treatment facility to identify conditions that may contribute to effluent toxicity; identification of
effluent toxicants using toxicity identification evaluation (TIE) procedures (USEPA 1991a, 1992a, 19934,
1993b, 1996); location of the sources of toxicants and/or toxicity using chemical analysis or refractory
toxicity assessment (RTA) procedures; and the evaluation, selection, and implementation of toxicity control
measures. Dischargers are encouraged to develop a TRE plan that describéaltcenponents to
performin the TRE. Following initial testing, the results can be used to provide direction for further testing

to identify the cause(s) and source(s) of toxicity and evaluate and select methods for toxicity control.

This document is an update of the municipal TRE protocol that was published in 1989 (USEPA, 1989a).
Much experience has been gained since 1989, including the use of a number of freshwater and estuarine/
marine species in acute and chronic TRE studies and the development of additional procedures for TIE and
RTA studies. In most cases, the approaches and methods described in the municipal TRE protocol have been
validated through TRE studies and other municipal TREs (Amato et al., 1992; Bailey et al., 1995; Botts et
al., 1990, 1992, 1993, 1994; Collins et al., 1991ipfere et al.,1990; Lankford and Eckenfelder, 1990;

Morris et al., 1990, 1992). Important lessons have been learned and this information has been incorporated
in this guidance where possible. Additions to this guidance include considerations in evaluating the
operation and performance of current publicly owned treatment works (POTW) technology, descriptions of
current TIE procedures for acute and short-term chronic toxicity (USEPA 1991a, 1992a, 1993a, 1993b,
1996), updated methods for tracking sources of acute and chronic toxicity in POTW sewer collection
systems, and additional recent case studies on acute and chronic TREs using freshwater and estuarine/marine
species. Information is also provided on sampling requirements, equipment and facilities, quality
assurance/quality control, and health and safety.

The updated TIE guidance procedures are important tools for conducting TREs indlodinty
Identification Evaluation: Characterization of Chronically Toxic Effluents, Pha8dSEPA, 1992a),

Methods for Aquatic Toxicity Identification Evaluations: Phase | Toxicity Characterization Procedures,
Second EditiofUSEPA, 1991a)Marine Toxicity Identification Evaluation (TIE) Guidance Document,
Phase I(USEPA, 1996) Methods for Aquatic Toxicity ldentification Evaluations: Phase Il Toxicity
Identification Procedures for Samples Exhibiting Acute and Chronic ToiitslzPA, 1993a), andethods

for Aquatic Toxicity Identification Evaluations: Phase Ill Toxicity Confirmation Procedures for Samples
Exhibiting Acute and Chronic ToxiCify SEPA, 1993b). The acute and chronic whdéfient toxicity

testing manuals should also be reviewed during the TRE process (USEPA 1993c, 19944, 1994b, 1995). These
manuals describe procedures for the toxicity tests that are the core of the TREs.
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Section 1
Introduction

Background accessed electronically along with all other approved

The Clean Water Act (CWA) (United States Federafnalytical methods on CD-ROM (USEPA, 1997).

Water Pollution Control Act Amendments, Public Law _ . _
92-500 of 1972) prohibits the discharge of “toxic Effluents from permitted facilities are monitored, and

pollutants in toxic amounts.” In the CWA, the Where areasonable potential exists to exceed numeric

mechanism for regulating discharges to the Nation'§0Xicity criteria, NPDES permit limits for whole
waterways is the National Pollutant Dischargeffluent toxicity are established (40 CFR
Elimination System (NPDES). Permits issued undef22.44(d)(1)(iv)). Whole effluent toxicity limits may
NPDES may contain effluent limits and other @lso be established where there is reasonable potential
requirements based on ambient water quality standard@ exceed a narrative toxicity criterion in the receiving
for the protection of aquatic life and human healthwater (40 CFR 122.44(a)(1)(v)). A toxicity reduction
The water quality-based approach applies criteria fogvaluation (TRE) may be used to identify and reduce
both chemical specific parameters and whole effluen®" eliminate sources of effluent toxicity whether or not
toxicity to ensure that toxic pollutants are controlledthere are whole effluent toxicity limits in the NPDES
and water quality standards are maintairfeedéral permits. For example, where a permittee has no whole
Register23868, 1989). This integrated approach tceffluent toxicity limits in its current permit but
water quality protection is described in detail indiscovers a toxicity problem, it may use a TRE to
USEPA’s Technical Support Document for Water reduce or eliminate effluent toxicity, ensure that there

Quality-Based Toxics Contr¢iereafter referred to as 1S N0 reasonable potential that its discharge will exceed
the TSD, 1991b). toxicity criteria and possibly obviate the need for

whole effluent toxicity limits in a subsequent permit.

“Whole effluent toxicity” refers to the results of acute On the other hand, if a permit contains whole effluent
and chronic aquatic toxicity tests used to monitofOXicity monitoring requirements or limits and
discharges to surface waters. Acute toxicity is &hacceptable toxicity is observed, the permitting
measure of primarily lethal effects that occur over guthority may require the permittee to perform a TRE
short period of time (i.e., 96 hours or less). Chronidhrough special conditions in the permit or an
toxicity refers to sublethal effects, such as inhibition ofenforcement action.

fertilization, growth, and reproduction that occur over

a longer exposure period (e.g., 7 days). Acute an§he TSD defines a TRE as “a site specific study
chronic effects to aquatic species are measured usiggnducted in a stepwise process designedentify
standard procedures (40 CFR 136.3) as specified the causative agents of effluent toxicity, isolate the
NPDES permits. USEPA has published manuals th&0urces of toxicity, evaluate the effectiveness of
describe the toxicity test methods for freshwater anéPXicity control options, and then confirm the reduction
estuarine/marine organisms (USEPA 1993c, 199440 effluent toxicity” (USEPA, 1991b). USEPA has
1994b, 1995). On October 26, 1995, uUSEpadeveloped procedures that can be used to conduct
promulgated a final rule under the CWA that addsI REs (USEPA 1989a, 1989b, 1991a, 1992a, 1993a,
whole effluent toxicity testing methods to the list of 1993b, 1996).

nationally applicable methods in 40 Code of Federal

Regulations (CFR) Part 136. These methods can behis document represents the first update of USEPA’s
Toxicity Reduction Evaluation Protocol for Municipal



Wastewater Treatment Plar{t989a). This guidance al., 1991; Fillmore et al., 1990; Lankford and
provides a general framework for conducting TREs aEckenfelder, 1990; Morris et al., 1990, 1992).
publicly owned treatment works (POTWSs) andAppendix A provides the original case studies from the
describes the available methods and procedures thaiunicipal TRE protocol (USEPA, 1989a). Additional
experience to date has shown to be most useful. It examples of successful TREs are presented in
designed for POTW staff, consultants, and regulator\ppendices B through H of this guidance. The TRE
agency staff who are implementing TREs to identifyguidance includes information learned from these
and reduce or eliminate sources of effluent toxicitystudies. Major changes include:

Where possible, POTW staff are encouraged to use the

guidance before the discharge of whole effluent « Information on toxicants commonly found in

toxicity is subject to regulatory review and action. POTW effluents and the conditions that influence

their toxicity (Section 2).

This guidance presents methods and procedures that Considerations in evaluating the operation and

are useful to: performance of POTWs with respect to conditions

that may contribute to effluent toxicity. Additional
information is provided on operations review of

» Evaluate the results and data generated during the biological nutrient removal (BNR) processes
TRE. (Section 3).

» Develop a sound scientific and engineering basis « A brief description of the use of updated toxicity
for the selection and implementation of toxicity identification evaluation (TIE) procedures for
control methods. acute and short-term chronic toxicity (Section 4).

The reader is referred to USEPA'’s guidance on

» Develop and implement a TRE plan.

This guidance @pports the strategy desribed in the
TSD (USEPA, 1991b) for integrated toxics control
using whole effluent toxicity and pollutant specific
limits. It is well recognized that while POTWs may
achieve effluent limits for conventional pollutants, the
discharge of effluent toxicity, volatilization of toxic

TIE procedures for further details (USEPA 19914,
1992a, 1993a, 1993b, 1996).

Refined step-by-step guidance for tracking sources
of acute and chronic toxicity in POTW collection
systems (Section 5).

Additional recent TRE case studies that describe

materials, and contamination of sewage sludges can
still occur. The focus of this guidance is the reduction
of whole effluent toxicity at municipal wastewater
treatment plants.

approaches for identifying the causes and sources
of acute and chronic effluent toxicity and practical
methods for toxicity reduction (Appendices B
through H).

The methods and decision points that comprise a TREhe methods and procedures described herein will

are described in the context of an overall generalizedontinue to be updated and refined based on the results

approach. Each municipality must address regulatorgf further studies.

issues and treatment operations that are unique to each

POTW; therefore, not all components of this guidancé’rofessional judgment is required in selecting the

will apply in every case. POTW staff may also selecappropriate steps for identifying toxicants and for

components to address specific questions about thevaluating options for controlling effluent toxicity.

causes and sources of effluent toxicity; however, th&JSEPA has developed TIE procedures to use as tools

decision to choose a particular step should be based for TRE studies. These TIE manuals (USEPA 1991a,

technically sound information. Given the site-specific1992a, 1993a, 1993b, 1996) describe procedures for

nature of TREs, POTW staff will need to develop acharacterization, identification, and confirmation of

TRE plan that describes the overall approach andffluent toxicants. TIE procedures are a basic

components of the guidance to be implemented. = component of the municipal TRE and the USEPA
guidance manuals should be obtaired reviewed

In most cases, the approaches and methods descrilqgibr to implementing a TRE. USEPA also has

in the TRE protocol (USEPA, 1989a) have beerdeveloped a generalized protocol for conducting

validated by USEPA TRE research studies and othendustrial TREs (USEPA, 1989b).

municipal TREs (Amato et al., 1992; Bailey et al.,

1995; Botts et al., 1990, 1992, 1993, 1994, Collins et



TRE Goals and Objectives the TRE, as described below.

Itis the responsibility of POTW staff to conduct a TRE
to identify and reduce or eliminate sources of effluenf-acility Performance Evaluation (Section 3)
toxicity and to fully comply with applicable toxicity- Operations and performance data can be reviewed in a
based NPDES permit limits. The goal of the TRE may? OTW performance evaluation to indicate possible in-
be to achieve compliance with a whole effluent toxicityplant sources of toxicity or operational deficiencies that
limit; however, POTW staff are encouraged to use th&ay be contributing to the effluent toxicity. If a
guidance to evaluate effluent toxicity before it become#eatment deficiency is causing noncompliance with
aregulatory issue. The TRE goal and implementatiogonventional pollutant permit limits, studies should be
schedule should be clearly defined with the regulatorgonducted to evaluate treatment modifications before
authority as part of the preparation of the TRE planproceeding further in the TRE. These studtesutd
The regulatory authority will review the TRE plan andévaluate the toxicity reduction that can be achieved by
carefully monitor the progress of the TRE, providingcorrecting treatment deficiencies. If plant performance
direction as needed. is not a principal cause of toxicity or treatment
modifications do not reduce effluent toxicity, a logical
The following objectives may be defined to accomplishnext step is to identify the cause(s) of toxicity using
the TRE goal: TIE procedures.

« Evaluate the operation and performance of théretreatment program data also can be gathered to
POTW to identify and correct treatment prepare a data base on the wastewaters discharged to

deficiencies contributing to effluent toxicity (e.g., the POTW collection system. These data can be used
operations problems, chemical additives, orin the latter stages of the TRE to assist in tracking the
incomplete treatment). sources of toxicity and/or toxicants that are

« ldentify the compounds causing effluent toxicity. contributing to POTW effluent toxicity.

» Trace the effluent toxicants and/or toxicity to their
sources (e.gniustrial, commercial, or domestic). Toxicity Identification Evaluation (Section 4)

» Evaluate, select, and implement toxicity reductionThis section provides a brief overview of the TIE
methods or technologies to control effluentprocedures. TIE procedures are available to evaluate
toxicity (i.e., in-plant or pretreatment control the causes of acute and short-term chronic toxicity.
options). When implementing a TIE, the reader is advised to

consult USEPA’'s TIE procedures for freshwater
These objectives are applied to meet the TRE goal &pecies (1991a,992a,1993a, 1993b) or estuarine/

compliance with regulatory requirements. marine species (1996). The generic TIE protocol is
performed in three phases: toxicity characterization
Components of the Municipal TRE (Phase 1), toxicant identification (Phase II), and

A generalized flow diagram for a TRE program istoxicantconfirmation (Phase Ill). Phase | characterizes
illustrated in Figure 1-1. A brief description of eachthe types of effluent toxicants by testing the toxicity of

major TRE component is presented below along wittliquots of effluent samples that havedegone
the section number in the guidance in which additiondpench-top manipulation @, pH adjustment,

information is provided. filtration). An evaluation of common POTW effluent
toxicants such as ammonia, chlorine, and
Information and Data Acquisition (Section 2) organophosphate insecticides may be included in

Phase I. Phases Il and Ill involve further treatments in

and analytical data pertaining to effluent toxicity. Thisconjunction with chemical analyses to identify and
information includes data on the operation and?ONfirm the compounds causing effluent toxicity.
performance of the POTW, such as plant desigitSEPA'S Phase Il and Il procedurd9@3a, 1993b)
criteria and discharge monitoring reports (DMRs), and®" fréshwater species are generally applicable for
data from the POTW's pretreatment program, such a&Stuarine/marine species.

industrial waste survey (IWS) information, permit . . .

applications, and industrial user compliance reports! OXiCity Source Evaluation (Section 5)

The POTW performance data and pretreatmen‘l\tOXiCity source evaluation involves the sampling and

program information are used in the second stage @nalysis of wastewaters discharged from sewer lines

The first step in a TRE is the collection of information

3
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Figure 1-1. TRE flow diagram for municipal wastewater treatment plants.

4




and indirect dischargers such as industrial users andmitations of the TRE Guidance

commercial facilities. Two types of source evaluationThis guidance describes procedures for evaluating and

studies may be performed: chemical tracking Ofmplementing controls for reduction of whole effluent

toxicity-based tracking. toxicity. Procedures for the reduction of toxic
pollutants in residuals, biosolids, and air emissions at

Chemical-specific tracking is recommended when th@oTws are not discussed. The reader may consult the

POTW effluent toxicants have been identified andstandards for the Use or Disposal of Sewage Sludge

responsible sewer dischargers. Toxicity tracking isnaterials in biosolids.

used when TIE data indicate the type of effluent

Toxicity tracking involves treating the sewer samplesne results and findings of TRE and TIE studies. The

in a bench-scale treatment simulatiorj prior to toxicityfollowing limitations have been identified in these
measurements to account for the toxicity removal thay,dies:

is provided by the POTW.

e Intermittent or ephemeral toxicity may be
The sampling strategy for toxicity source evaluations challenging to characterize using TIE/TRE
involves two tiers. Tier | focuses on sampling and  procedures. In these cases, modifications to TRE
analysis of the main sewer lines in the collection procedures may be needed to achieve the best
system. Tier Il involves testing sewer lines and possible results (see Sections 4 and 5).
indirect dischargers upstream of the main lines  pjscussions with the regulatory authority also may
identified as being toxic in Tier I. This tiered approach  pe|p to identify the most appropriate approach for
can be used to identify the contributors of toxicity  complying with effluent toxicity requirements.
and/or tOXicantS by eliminating Segments of the e As described in this guidance, alternative
collection system that do not contribute toxicity/  procedures are available if traditional methods

toxicants. such as TIE testing are not successful. Additional
o _ _ TRE procedures, especially tools for toxicity
Toxicity Control Evaluation (Section 6) source evaluations, have not been widely used, but

Using the results of each of the above TRE elements, may be helpful if careful consideration is given to
alternatives for effluent toxicity reduction are evaluated  their design and application.
and the most feasible option(s) is selected for « As more TRE studies are completed, more
implementation. Effluent toxicity may be controlled information is available on the feasibility and
either through pretreatment regulations or in-plant  effectiveness of in-plant and pretreatment toxicity
treatment modifications or additions. In some cases, control options. Examples of TREs in which
several control methods may be required to achieve the toxicity controls have been ecessfully
desired toxicity reduction. Selection of control options  implemented are provided in Appendices B, C, D,
is usually based on technical and cost criteria. E, G, and H.

« The TRE guidance is designed to help public
If the toxicity source evaluation is successful in  works managers select appropriate toxicity control
locating the sources that are contributing the POTW  approaches. As such, it does not discuss
effluent toxicants, local limits can be developed and  regulatory procedures that may be useful for
implemented. If in-plant control appears to be a assessing the need for, or compliance with,
feasible approach, treatability testing may be used to  toxicity requirements, such as the determination of
evaluate methods for optimizing existing treatment reasonable potential, dilution factors, and permit
processes and to assess options for additional limits. The importance of these procedures in the

treatment. evaluation of whole effluent toxicity is mentioned
in Section 2 and is discussed more fully in
Toxicity Control Implementation (Section 7) USEPA’s TSD (1991b).

The toxicity control method or technology is
implemented and follow-up monitoring is conducted to
ensure that the control method achieves the TRE
objectives and meets permit limits.



Organization of the TRE Guidance Appendix A presents the original case histories (given
This guidance is organized according to thdn the municipal TRE protocol, USEPA, 1989a) along

components of the TRE flow diagram shown in Figuravith commentary on how the TIE/TRE procedures
1-1. have been updated to better address toxicity observed

in future studies.

Sections 1 through 7describe the primary TRE
elements noted above. Changes to the municipal TREPPendices B through Gprovide new in-depth case
protocol (USEPA, 1989a) include more information onexamples of municipal TREs. These new examples
toxicants commonly identified in POTW effluents, include summaries of four chronic TRE studies and
suggestions for evaluating the effect of POTWWO acute TRE studies.
operations on effluent toxicity, an overview of updated
TIE procedures for acute and short-term chronidPpendix H is a new appendix that describes
toxicity, and refined step-by-step procedures for@PProaches for addressing effluent toxicity caused by
tracking sources of acute and chronic toxicity inorganophosphate insecticides.
POTW collection systems.

Appendix | describes a chemical-specific approach for
Sections 8 through 11provide information on the TRES that may be applied in limited circumstances.
TRE requirements for quality assurance/quality

control, health and safety, facilities and equipment, andpPpendix J is referenced in Section 5 (toxicity source
sample collection and handling. evaluation) and presents an updated step-by-step

procedure for tracking sources of toxicity in POTW
Sections 12 and 1Bst the references and bibliography collection systems.
cited in this guidance.



Section 2
Information and Data Acquisition

Introduction may be reviewed by regulatory staff to confirm that the

The first step in a TRE is to gather all information andf€Sts meet basic quality assurance/quality control
data that may relate to effluent toxicity and that migh{ QA/QC) requirements. However, this is usually the
prove useful in planning and Conducting the TRE_excepnon; most state and reg|0nal regulatory agencies
This information can be categorized as poTwdo not have certification programs for toxicity testing
treatment plant data and pretreatment program dat@Nd reports may not be formally reviewed. As an
The pertinent POTW information includes historicalinitial step in the TRE, POTW staff should conduct an
effluent toxicity data as well as information on theindependent review of the toxicity test reports to verify
treatment plants design capabilities, treatmenthe quality of the reported data, especially results that
performance, and operation and maintenance practicd¥@Vve triggered TRE requirements.

Appropriate pretreatment program information consists _ - .

of IWS data, industrial user permits, pretreatment! often is beneficial to develop a profile on the
inspection reports, and monitoring and compliancé&haracteristics of effluent toxicity using the available
reports. If a pretreatment program is not in placehistorical data. Information on toxicity variability, the
POTW staff may need to collect monitoring data on thé€lative sensitivity of various test species to the
POTW industrial users and, where necessangffluent, and effluent characteristics .de pH,

appropriate controls should be considered to ensur@kalinity, hardness, conductivity, total residual
good effluent quality. chlorine (TRC), and dissolved oxygen (DO)] can

provide important clues about the nature of the

Background information may provide insight into thetoXicity. These characteristics can be compared to
nature of effluent toxicity and can be used to select thBOTW and pretreatment information to help determine
initial steps to take in the TRE. However, it isif effluent toxicity may be related to operational
importantnotto draw conclusions about the causes an@ractices or sewer discharges. This information also
sources of toxicity in the beginning of the TRE unles$an be used as part of the TIE (Section 4) to help
corroborative testing is performed. A summary ofidentify the causes of effluent toxicity.

information recommended for a TRE is provided in the

following subsections. The data review may show that some test conditions
such as pH may artificially change during testing.
Review of Effluent Toxicity Data Typically, the pH of toxicity test solutions tends to drift

Information and data acquisition should include aupward over time, which can cause pH sensitive

. - ._compounds such as ammonia and metals to exhibit
careful review of recent effluent toxicity data. This_ . ™" . .
. . . .. toxicity. With the consent of the regulatory authority,
review should be used to confirm the effluent toxicity. . .
. . it may be possible to modify the test procedures to
results and the potential to cause adverse instream

effects. The data also can be used to evaluate geneCo trol pH drift (USEPA 1993c and T. Davies,
' EPA, Office of Water, Memorandum on

;O)ggzgscslizr:ifiﬁ[r&:ﬁa j\fhc;haesr ttﬁ;ns) ?(rii;x;g??smg s larifications Regarding Flexibility in 40 CFR Part
P 4 36 Whole Effluent Test Methodspril 10, 1996).

r slow acting. e
or slow acting Modifications may also be allowed to better reflect the

. . .. range of temperatures and hardness observed in the
In some states, laboratories are required to be certified ~.". .

L L receiving water. Depending on the temperatures to be
to perform toxicity tests. Toxicity test data reports also



considered, it is recommended to use a different te§toxicants Identified in POTW Effluents
species rather than modify the recommended\s noted, the occurrence of toxicity and the treatment
temperature range for a given test species. process operations are unique to each POTW;
therefore, the causes of effluent toxicity are likely to be
Prior to a TRE, POTW staff or the regulatory agencyyifferent for each case. Nonetheless, somectos
may evaluate the “reasonable potential” for exceedingaye been identified at many POTWs. A list of
a toxicity-based water quality standard to determine ifoxicants commonly found in POTW effluents, the
a permit limit is required. If there is reasonablejeyels of concern, and potential sources is presented in
potential to cause instream toxicity or contribute to afrgple 2-1. The levels of concern are to be used as a
excursion above a narrative criterion, a statisticajeneral guidenot as absolute valueue to the site-
approach may be used to calculate a toxicity-baseghecific nature of effluent toxicity, these data are
permitlimit. This approach may also be applied duringntended only as background information to consider in
the course of a TRE to assess compliance with a pere process of conducting a TRE. It is important to
limit or a water quality standard. For example,stress that a direct comparison of chemical
improvements in effluent quality resulting from the concentrations to toxicity data reported in the literature
TRE could lower effluent toxicity to a point where often provides misleading information. The toxicity of
there is no longer a reasonable potential to exceed théfluent consituents is affected by many factors
permit limit. Or, these improvements may reduc@ncluding the effluent matrix and toxicity test
effluent variability. The reduced variability could conditions. The most effective way to identify causes
resultin a smaller coefficient of variation (CV), which f effluent toxicity is by applying the TIE procedures,
would lessen the potential for excursions above th@hich are described in Section 4 of this guidance.
TRE goal. The reader is referred to USEPA’s TSD for
details on these procedures (USEPA, 1991b). Some of the information that can be collected to help
. o evaluate the contribution of the toxicants to effluent
The TSD also discusses the use of dilution, angyxicity is provided in Table 2-1. Toxicity information
particularly the use of high-rate diffusers, in achievingyn specific parameters can be obtained from USEPA's
compliance with toxicity-based water quality oquatic Information Retrieval Toxicity Data Base
standards. The dilution determination, if allowed bY(AQUIRE, 1992), TIE manuals (USEPA 1991a,
applicable regulations, is one of the first steps imgg2a 1993a, 1993b, 1996), EXtension TOXicology
characterizing the effluent for toxicity-based permittingN ETwork (EXTOXNET, 1998)peer-reviewed journal
(USEPA, 1991b). Public works managers, who argyticles, and other sources. AQUIRE information can
initiating a TRE, may choose to evaluate thepe optained through the National Technical
application of appropriate mixing zone allowances tQnformation Service (NTIS) in Springfield, Virginia, or
eliminate the potential for instream effects.  Athrough several commercial vendors. USEPA'’s Mid-
shoreline outfall, for instance, may not qualify for anycontinent Ecology Division (Duluth, Minnesota) will
dilution when determining an acute toXicity pe offering Internet access to AQUIRE data in early
requirement. Use of a diffuser constructed in deepefggg through its Ecotoxicology Database Retrieval
water may allow the effluent to achieve sufﬁcientsystem (ECOTOX). The EXtension TOXicology
dilution in the rapid-mixing, near-field area to meetNETwork is currently available on the Internet at
permit requirements. Similar results may be obtaine@p://ace.orst.edu/info/extoxnet. When reviewing
by moving an outfall from a small or intermittent toxicological data, it is important to ensure that the
stream, where no dilution is available under low floweferences for the data have been peer-reviewed and
conditions, to a larger permanent stream, with greate,e values given are considered to be accurate.
dilution. It should be noted, however, that less costly
toxicity control approaches than outfall relocation mayjn some cases, toxicological data may be presented in
be identified during the course of the TRE. Theygxic units (TUs) instead of in lethal concentrations
process of selecting the most feasible and practicalaysing a 50% mortality in exposed test organisms
control option(s) is described in Section 6 of this(_C50) or no observed effect concentrations (NOEC).
guidance. TUs are the inverse of the percent concentration



Table 2-1. Toxicants Identified in POTW Effluents

Information Needed

Toxicant Type Level of Concern* Potential Source to Assess Toxicity
Chlorine 0.05 to 1 milligram per | POTW disinfection TRC, temperature, and pH upon
liter (mg/L) process receipt of effluent sample and
during toxicity test
Toxicity degradation tests
TIE Phase | testst
Ammonia 5 mg/L as NEIN Domestic and industriall Ammonia-nitrogen upon receif

sources
POTW sludge
processing sidestreamg

—

of effluent sample
pH, temperature, and salinity
during toxicity test
TIE Phase | testst

Non-polar organics,
such as
organophosphate
insecticides (e.g.,
diazinon, malathion,
chlorpyrifos, and
chlorfenvinphos)

Diazinon: 0.12-0.58
microgram per liter

(hglL)
Chlorpyrifos: 0.03 pg/L

Homeowners,
apartments,
veterinarians, pest
control, lawn care, and
commercial businesses

High resolution analysis of
organophosphate insecticides
TIE Phase | testsT

Metals [e.g., cadmium | Varies Treatment additives in | Dissolved metals, effluent
(Cd), copper (Cu), POTW hardness (mg/L as CagQand
chromium (Cr), lead Industrial users alkalinity upon receipt of
(Pb), nickel (Ni), zinc sample
(Zn)] TIE Phase | testsT
Other treatment Varies Disinfection, Vendor information on toxicity
chemical additives such dechlorination, sludge | of products
as dechlorination processing, and solids | Dosage rates
chemicals and polymerd clarification in the Effluent characteristics that
POTW affect toxicity (e.g., pH)

TIE Phase | testst

Surfactants Varies Industrial users Methylene blue active

substances (MBAS) and coba
thiocyanate active substances
(CTAS)

TIE Phase | testst

—

Total dissolved solids
(TDS)

1,000-6,000 phmos/cm
depending on endpoint,
species tested, and TD
constituents

Industrial users
Sludge processing
Bsidestreams

TDS, ion analysis, and anion/
cation balance
TIE Phase | testst

* As referenced by USEPA (1992a) and D. Mount (personal communication, AScl Corp, Duluth, Minnesota, 1991) for

chlorine; USEPA (1992a) for ammonia; TRAC Laboratories (1992), Bailey et al. (1997) for diazinon and chlorpyrifos; and
USEPA (1992a) for TDS.

T The contribution of effluent constituents such as chlorine, ammonia, organic compounds, metals, and TDS to effluent
toxicity can be most effectively evaluated using the TIE Phase | procedures described in Sections 3 and 4 of this guidance
and the USEPA manuals (1991a, 1992a, 1996).



values and are calculated by dividing 100% by acute anay be related to operation and performance. Several
chronic percent effluent values or chemicalquestions can be posed, including:

concentration data. For example, a chronic TU (TUc)

of 2 is equivalent to an NOEC value of 50% effluent « Is toxicity apparent during certain operational
(i.e., 100%/50%). Likewise, if the LC50 of a events, such as when treatment upsets are
compound is 20 pg/L, an effluent sample with 100  observed, when treatment units are taken offline
pg/L contains 5 acute TU (TUa) of the compound (i.e.,  for maintenance, or as a result of other operating
100 pg/L/20 pg/L). TU values are helpful in practices (e.g., excess chlorine addition)?
understanding the relative contribution of toxicants to = Does toxicity exhibit a weekly, monthly, or
effluent toxicity and are often used in interpreting TIE ~ seasonal pattern? For example, if the POTW is
data (Section 4). For example, if one of two  operated to achieve seasonal ammonia removal, is
compounds is contributing to effluent toxicity (e.g., 4  toxicity present in the period when ammonia
TUc of compound A and 1.5 TUc of compound B), it removal is not practiced? What process control
may be possible to focus on controlling the major  parameters may be related to toxicity? Is toxicity
toxicant if compliance with the permit limit (e.g., 3 apparent with changes in hydraulic and pollutant
TUc) can be achieved. However, consideration should loadings to the primary sedimentation process,
be given to possible antagonistic effects between the changes in biological treatment parameters
toxicants such that removal of one toxicant may cause [e.g., mixed liquor suspended solids (MLSS)
the other toxicant to exhibit greater toxicity. An concentration, DO concentration, sludge volume
overview of this is provided in Section 4 and the TIE  index (SVI), mean cell residence time (MCRT)],
manuals (USEPA 1991a, 1992a, 1993a, 1993b, 1996) changes in filtration rates in filters, or changes in

provide thorough guidance. application rates of chlorine and dechlorinating
agents?
POTW Design and Operations Data * Is toxicity apparent when the type and dose of

POTW design and operations information canindicate ~ treatment additives change? For example, did
possible in-plant sources of toxicity or operational  toxicity occur when a different polymer or other

problems that might be contributing to treatment coagulant/flocculent aid was used?

interferences and the pass through of toxicity. In the o _

beginning of the TRE, it is often helpful to briefly In the beginning of the TRE, emphasis should be
review the operations and performance of the majdplaced on effluent concentrat|ons' of ammonia and
unit treatment processes. Notes can be added €lorine, which are common toxicants in POTW

POTW data base about initial impressions ancffluents (USEPA 1991a, 1992a, 1993a, and 1993b).
potential problem areas that should be investigate§ne toxicity of ammonia is dependent on effluent

further in the POTW Performance Evaluation (se€haracteristics suchasthe pH, temperature, and salinity
Section 3). of the sample, as well as the sensitivity of the species

being tested. Therefore, it will be difficult to

The types of POTW data to be gathered include: determine the toxicity of ammonia based solely on a
comparison of literature values to effluent

« Background information on treatment plant desigreoncentrations. Likewise, the toxicity of chlorine will

and operation. depend on the form of chlorine, which may be in the
« Data routinely collected for NPDES DMRs and free form as chlorine, hypochlorous acid, or
treatment process control. hypochlorite ion, or in the combined form as

. Existing data on potential effluent toxicants, chloroamines or nitrogen trichloride. The sum of the
insecticides, surfactants, metals, and treatmergthlorine or TRC, is matrix dependent. Chloramines,

additives (e.g., polymers, chlorine, dechlorinationwhich are formed by chlorine combining with
chemicals). ammonia, can be more toxic than free chlorine

(AQUIRE, 1992).

A list of useful POTW data is provided in Table 2-2. _
Assessments of the contribution of ammonia, chlorine,

The POTW data can be compared to the profile oRNd other compounds to effluent toxicity can be made
effluent toxicity characteristics to determine if toxicity Using Table 2-1 as a guide. As stated in Table 2-1, if
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Table 2-2. Example POTW Design and Operation Data

1. NPDES permit requirements
a. Effluent limitations
b. Special conditions
c. Monitoring data and compliance history
d. Dilution studies or modeling results

2. POTW design criteria
a. Hydraulic loading capacities
b. Pollutant loading capacities
c. Biodegradation kinetics calculations and assumptions

3. Influent and effluent pollutant data

a. Ammonia

b. Residual chlorine

b. Other pollutants of concern such as non-polar organic compounds (e.g., organophosphate insecticides),
metals, and TDS (see Table 2-1)

c. Conventional pollutant data, including five-day biochemical oxygen demand. jB&i{@mical oxygen
demand (COD), total organic carbon (TOC), total suspended solids (TSS), volatile suspended solids (VSS),
total Kjeldahl nitrogen (TKN), ammonia-nitrogen (jN), total phosphorus (TP), orthophosphate fPD
and nitrate-nitrogen (NEN),to evaluate treatment performance

d. Parameters, including pH, ldaess, and adinity, to evaluate the toxicity of suspect compounds
(see Table 2-1)

4. Process control data
a. Chemical usage for each treatment process (e.g., coagulants for primary sedimentation, lime for biological
treatment, polymers for tertiary clarification; see Table 2-1)
b. Process control data for primary sedimentation (i.e., hydraulic loading capacity apdOr$S removal
c. Process control data for activated sludge [e.g., food to microorganism (F/M) ratio, MCRT, MLSS, sludge
yield, removal efficiency of BOD COD, TKN, NH-N, TP, PQ-P, NO:-N, and other pollutants specified
in the permit].
d. Process control data for secondary and tertiary clarification [e.g., hydraulic and solids loading capacity, SVI,
sludge blanket depth]
e. Number of process units online and number offline for maintenance

5. Operations Information
a. Reports on previous operation and maintenance evaluations, including engineering studies and USEPA and
state compliance inspections
b. Operating logs
c. Standard operating procedures
d. Operation and maintenance practices (e.qg., filter backwash procedures)

6. Process sidestream characterization data

a. Chemical usage for sludge processing, including thickener, digester, and dewatering processes

b. Pollutant datafor sludge processing sidestreams, including ammonia, metals, organophosphate insecticides,
and TDS (see Table 2-1)

c. Incinerator scrubber waste stream, including data on possible formation of cyanide (see discussion in
Section 3)

d. Tertiary filter backwash

e. Cooling water

7. Wastewater bypass, combined sewer overflow (CSO), and sanitary sewer overflow (SSO) for bypasses or
overflows that are discharged to the POTW effluent
a. Frequency
b. Volume
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chlorine is suspected of contributing to toxicity, TRCare performed to determine how toxicity is affected by
should be measured when the sample arrives and whegmoving or isolating a particular group of toxicants.
toxicity tests are initiated because chlorine usuallyrhese procedures establish a cause and effect
dissipates rapidly. If ammonia is a concern, conditionselationship between toxicants and whole effluent
that affect its toxicity, including sample pH, should betoxicity. [If a toxicant is indicated through Phase |
carefully monitored during toxicity tests. This testing, additional TIE procedures can be applied to
information is necessary to determine the concentratioilentify (Phase 1) and confirm (Phase lll) the toxicant
of the toxic un-ionized form of ammonia (NHn the  (see Section 4).
toxicity test. In addition to toxicity data, USEPA’s
AQUIRE data base (1992) includes information on théTreatment additives can be screened by obtaining
conditions of the toxicity test that may have influencedoxicity data from product vendors or by performing
the reported toxicity of chemicals of concern.toxicity tests on samples that have been treated using
However, not all conditions may be recognized ottypical chemical dosages. If toxicity tests are
reported, which may limit the utility for TIE tests. performed, it is important to simulate thenditions
occurring in the treatment process where additives are
Surfactants also have been identified as toxicants ibeing used because some portion of the additives is
POTW effluents (Diehl and Moore, 1987; Ankley andusually removed in the treatment process. For
Burkhard, 1992; Botts et al., 1994). These studiesxample, polymers are largely bound with suspended
focused on characterizing the type or source o$olids in the wastewater being treated and only minor
surfactants rather than trying to identify the toxicamounts may pass through in the final effluent (Hall
surfactant compound because analytical methods aemd Mirenda, 1991).
not readily available to detect and quantify surfactant
compounds in complex effluents. Municipal effluentsOnce the toxicants are identified, the POTW data will
contain numerous substances that interfere witlhe useful in evaluating and selecting in-plant toxicity
surfactant analysis. Also, surfactants are actuallgontrol options (see Section 6).
mixtures of many homologues and oligomers;
therefore, the composition and toxicity of surfactants ifretreatment Program Data

complex and often variable (USEPA, 1993a). Onepretreatment program information may provide
exception is a class of surfactants, referred to as alk@yidence that can be used to identify sources of
phenol ethoxylates (APEs), that can be analyzed by @xicants or toxicity in the wastewater collection
gas chomatograph/mass spectrometer (GC/MS) (Gigelstem. For this reason, pretreatment data should be
etal., 1981). Also, it may be helpful to characterizeyyiefly reviewed in the beginning of the TRE. As an
surfactants by the nature of their polar segmentyitia| step, pretreatment data can be compared to the
surfactants may be classified as nonionic, anionicyrofile on POTW effluent toxicity characteristics to
cationic, and amphoteric. Many surfactants tend t@etermine if toxicity may be related to a particular type

sorb to C18 resin and analyses of the methanol extract$ discharge. This review may attempt to answer
from solid phase extraction (SPE) columns can help tgeyeral questions, including:

indicate the type of surfactant causing toxicity

(USEPA, 1993a). The American Public Health . \what changes in POTW influent characteristics
Association (1995) describes methods for determining  may be observed during toxic periods (e.g., pH,
anionic surfactants as MBAS and nonionic surfactants  g|kalinity, suspended solids, hardness,

as CTAS. conductivity, DO, color)? Also, does toxicity
occur during changes in hydraulic and pollutant
The contribution of effluent constituents such as  |padings to the POTW? Can these characteristics
ammonia and chlorine to effluent toxicity can be most  pe related to certain types of discharges?
effectively evaluated using the TIE procedures . poes toxicity occur when treatment upsets are

described in Sections 3 and 4. Non-polar organic  gpserved at the POTW? Can the upsets be related
compounds (such as organophosphate insecticides), tg 5 particular discharge(s)?

metals, surfactants, and TDS also can be effectively. poes toxicity exhibit a weekly, monthly, or

evaluated using these procedures. In Phase | of the seasonal pattern that may be related to production
TIE, various sample manipulations and toxicity tests  schedules of certain industries? For example, is
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toxicity observed when an industry is (CERCLA)dischargers]and the toxic pollutantdataon
manufacturing a particular type of product? Also,the POTW waste streams. A list of suggested
does toxicity abate when the industry is shutdowrpretreatment data is shown in Table 2-3.
for maintenance or holidays?
» If the POTW accepts hauled wastes, is toxicityThe POTW pretreatment program data can be
apparent when a particular hauler delivers wastestgviewed as part of a Pretreatment Program Review
(described in Section 3). The summarized data may be
Appropriate pretreatment program information touseful in locating the sources of toxicants identified in
review includes the data on the industrial users of ththe TIE (see Section 4). In cases in which effluent
POTW [e.g., industrial manufacturers, Resourceoxicants are not identified, the pretreatment program
Conservation and Recovery Act (RCRA) wastedata can be used to develop a sampling and analysis
disposers, and Comprehensive Environmentaprogram to track sources of toxicity in the collection
Response, Compensation, and Liability Actsystem (see Section 5).
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Table 2-3. Example Pretreatment Program Data

1.

© © N o

10.

11.

POTW influent and effluent characterization data

a. Toxicity

b. Priority pollutants

c. Hazadous pollutants

d. Pollutants listed in Superfund Amendments and Reauthorization Act (SARABT3

e. Other chemical-specific monitoring results (e.g., industry raw materials and products)

Sewage residuals characterization data (e.g., raw, digested, thickened, and dewatered sludge, composted biosolidstcen
ash)

a. Toxicity characteristic leaching procedure (TCLP)
b. Chemical data

IWS

a. Information on industrial users with categorical standards or local limits and other significant non-categorical irsust
— number of industrial users

— discharge flow

— chemical usage

Standard Industrial Classification (SIC) code

Wastewater flow

Types and concentrations of pollutants in the discharge

Products manufactured

Description of pretreatment facilities and operating practices

~oooyT

Industrial User Permits
a. Pretreatment standards

— categorical standards

— local limits

— prohibited discharge standards
b. Monitoring requirements

Annual pretreatment program report
a. Schematic of sewer collection system
b. Industrial user monitoring and inspection data collected by POTW staff
— discharge characterization data
— spill prevention and control predures
— hazadous waste generation
c. Industrial user self-monitoring data
— discharge characterization data
— flow measurements
— description of operations
— compliance schedule (if out of compliance; e.g., notice of slug loading)

Headworks analysis for local limits
Industrial user compliance reports
Waste hauler monitoring data and manifests

RCRA reports [if the POTW is consideredaz&dous waste treatment, storage, and disposgitygd SDF)]
a. Hazadous waste manifests

b. Operating record

c. Biennial report

d. Unmanifested waste report

CERCLA reports (if the POT\Wccepts wastes from a supard site)
a. Preliminary site assessment

b. Site investigations

c. Remedial investigations

d. Feasibility studies

e. CERCLA decision documents

Information on POTW treatment interferences (e.g., biological process inhibition); example data include:
a. Evidence of slug loadings

b. Decreased pollutant removal

c. Decreased oxygen uptake rates (OURS), SVI, and sludge yield in biological treatment process

d. Increased requirement for chemical usage (e.g., chlorine, coagulants, flocculents)

e. Decreased filtration rate and increased backwasheney for fitration treatment

d incine

ialu
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Section 3
Facility Performance Evaluation

Introduction following discussion of the POTW performance

POTW treatment deficiencies that cause poofVvaluation process.

conventional pollutant removal can have an adverse _

effect on toxicity reduction as well. As an initial step” flowchart for conducting a POTW performance
in the TRE, effluent toxicity data (Table 2-1) andevaluation is presented in Figure 3-1. The POTW
POTW operations and performance data (Table 2_2§erformance evaluation involves a review of the major
should be evaluated to indicate potential toxicants off€atment unit processes (e.g., primary sedimentation,
concern and to identify treatment deficiencies or in2ctivated sludge, and secondary clarification) using
plant sources of toxicity that may be responsible for alfvastewater characterization data and process
or part of the effluent toxicity. POTW pretreatmentOPerations information. A TIE Phase | analysis (as
program data (Table 2-3) should also be reviewed tgescribed below and in Section 4) also can be
indicate possible sources of toxicity and summarizederformed to_indicate the presence of effluenttoxica_nts
for use in later steps of the TRE such as the toxicitf@used by incomplete treatment (e.g., ammonia),

source evaluation (Section 5). routine operating practices (e.g., chlorine), or the
discharge of organophosphate pesticides in the POTW
POTW Performance Evaluation collection system. Ammonia and chlorine are

A POTW performance evaluation can be conducted tgommonly found to cause toxicity in POTW effluents
o . . . and should be evaluated at this stage of the POTW
indicate conventional pollutant treatment deficiencies

. o ..~ performance evaluation. As noted in Section 2,
or in-plant sources of toxicity that may be contributing . .
- . ammonia and chlorine may be of concern at
to effluent toxicity. Conventional pollutant treatment .
e L .. __.._concentrations greater than 5 mg/L and 0.01 mg/L,
deficiencies include the inability to meet permit limits

for BOD, TSS, and nutrients. These Oleﬁcienciesrespectlvely, depending on the effluent matrix and the

should be corrected before initiating a full TRE SPeCles being tested. Levels of concern for other

: relatively common effluent toxicants are listed in
because improved treatment also may reduce efflue ) . ) .
- - able 2-1. Special consideration also should be given
toxicity. In-plant sources of toxicity may be present

even if the POTW is meeting permit limits for to chemicals used in the treatment process such as used

pollutants other than toxicity. An example of an in-Or reused waste materials and coagulants, which may

plant source of toxicity includes inadequate SoIiOIScontrlbute to toxicity due to pass-through of residual

separation in the final clarifier, which may result in theconcentratlons or impurities in the product.
discharge of toxic material bound to suspended solid%as

: : : ed on the process review results and TIE
Also, incomplete biological treatment may cause th%haracterization data, options for improving operations
pass-through of biodegradable toxicants. Other in- 0P b gop

e s and performance may be selected and evaluated in
plant sources of toxicity may include treatment - : - .
o : . I treatability studies. If treatability tests are successful in
additives used in toxic amants or additives that

contain toxic impurities.If deficiencies are found in identifying options for improving conventional

the POTW performance evaluation, improvements caROIIUtant treatment and toxiciFy reduction,. the TRE
be implemented to eliminate the causes of toxicityproceeds to the selection and implementation of those

Several examples of operating conditions that havgptlons (Section 6). If no treatment deficiencies or in-

contributed to effluent toxicity at POTWs and the stepg lant SOurces of toxicity are observed, or the Frgatment
: . alternatives do not reduce effluent toxicity to
taken to correct the problem are included in the
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Facility Performance Evaluation

\ 4
Information and Data Acquisition

Phase | Toxicity
Characterization

\ 4

Evaluation of POTW Operation and Performance

e Evaluate Common Toxicants

Pesticides, Metals, Treatment Additives, TDS
« Evaluate Conventional Pollutant Treatment

— Preliminary Treatment

— Primary Sedimentation
Biological Treatment
Secondary/Tertiary Clarification
Filtration

— Disinfection/Dechlorination

— Process Sidestreams/Bypasses
e Evaluate In-Plant Sources of Toxicity

— Disinfection Chemicals

— Coagulants/Flocculents

— Toxic Impurities in Additives

Ammonia, Chlorine, Surfactants, Organophosphate

Plant
No Failure
Observed?

A 4 A 4

Bench-Scale
Conventional
Treatability Tests

Pilot-Scale
Conventional
Treatability Tests

Toxicity Adequately
Reduced by Modification of
Treatment/Operation?

Toxicity
Control
Selection

1010P-04
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Figure 3-1. Flow diagram for a facility performance evaluation.




acceptable levels, a complete effluent toxicityWater Environment Federation and American Society
characterization should be performed using the TIBf Civil Engineers entitledDesign of Municipal
procedures described in Section 4. Wastewater Treatment Plan(8VEF/ASCE, 1992a,
1992b) and Metcalf and EddysWastewater
POTWs are subject to both variable influentEngineering Treatment, Disposal, and Re(@91).
characteristics and changing operating conditions th&omputer software programs, including USEPA’s
may have a significant effect of effluent toxicity. The POTW Expert(1990), have also been developed to
POTW performance evaluation should be conductettroubleshoot” operations and performance problems.
during a period when the influent loadings and facilityln addition, USEPA 1993d) has a data base on
operations are representative of average conditions. bllutant removal efficiencies (RREL Treaitatp Data
effluent toxicity varies seasonally or as a result of 8ase, Version 5) for various treatment processes.
specific operational condition, the POTW performanceAlthough this guidance does not specifically address
evaluation should be scheduled to coincide with théoxicity, correcting conventional pollutant treatment
expected toxic event. Due to the variability inherent impproblems and controlling in-plant toxicants may
POTW operations, it may be necessary to condudmprove toxicity reduction. In addition to the noted
additional POTW performance evaluation guidance, public works managers are advised to use
investigations during the course of the TRE. Fotthe services of a professional engineer who has
example, POTW performance evaluations may bexperience with the POTW treatment system.
useful when performed before and after
implementation of facility modifications, changes in Preliminary Treatment
industrial user activities, or variations in effluent Preliminary treatment processes that may be used to
toxicity. enhance toxicity control include equalization/storage
and oil and grease removal. Equalization basins can be
Operations and Performance Review effective in dampening the effect of slug loads of
The operations and performance review involves théoxicity or to equalize flow and organic loadings to
evaluation of the major POTW unit processes using thachieve consistent subsequent treatment affluent
information described in Table 2-2. This reviewwastewater. Oil and grease removal can assist in
focuses on the secondary treatment system becaussEmoving toxicants associated with oil and grease and
secondary treatment is responsible for removing th& minimize the impact of oil and grease on the POTW.
majority of the conventional and toxic pollutants from
municipal wastewater. Deficiencies in this system are
more likely to result in incomplete treatment of
wastewater toxicity. For example, problems with
nitrification treatment may cause toxic concentration

TRE Example

A municipality in Texas experienced effluent toxici
B that was related to a latile organic compound

ty

of ammonia to pass through in the effluent. Other un
processes to be evaluated include primar,
sedimentation, disinfection, and advanced treatme

tentering the POTW. A pre-aeration system was t
y added to the influent headworks or the grit remg
Ntsystem; however, before construction was starte

be
val
d, a

processes such as filtration. city employee noticed a strong odor in a sewer
that was related to the volatile toxicant. The sourc
the volatile compound was identified and controll

'As a result, effluent toxicity was eliminate

ine
E of
bd.

d
as,

Procedures for evaluating and improving POTW
operations and performance are described in USEPA
Handbook on Retrofitting POTWSSEPA, 1989c). (S. Bainter, personal communication, USEPA, Dal
This handbook describes a two-step process to improyd X, 1998).

POTW performance: comprehensive performance
evaluation and a composite correction program

approach. The comprehensive performance evaluatidPrimary Sedimentation

involves a thorough review of the POTW design andbrimary treatment processes are designed to reduce the
operating conditions to identify problem areas. Theoading of TSS, BOQ and COD on the secondary
composite correction program involves the systematigreatment system. Toxic pollutant removal also can
identification and implementation of improvementsoccur by sedimentation of insoluble or particulate
with an emphasis on low-cost solutions. Other usefulyastewater constituents. Optimal removal of both
sources of information include a joint publication bytoxic and conventional pollutants in primary
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sedimentation ultimatelyreduces the amount of These concentrations can cause toxicity depending on
material to be treated in the biological treatmenseveral factors that affect the toxicity of ammonia,
process. including pH, temperature, DO, and TDS. A simple
TIE procedure for checking whether effluent toxicity
Primary clarifier performance can be evaluated bynay be related to ammonia is described below (see
comparing BORQremoval to the surface overflow rate “TIE Phase | Tests”). Literature data on ammonia
(SOR), which is the average daily flow divided by thetoxicity (USEPA, 1985a) should only be used as a
clarifier surface area. A clarifier operating at an SORyeneral guide because ammonia toxicity is significantly
of less than 24 cubic meters per square meter per dajfected by slight pH changes.
(m*m?/day) [600 gallons pre day per square foot
(gpd/sq ft)] should remove 35 to 45% of the influentThe most commonly used biological treatment systems
BOD.. A clarifier operating at an SOR of 24 to can be defined as either suspended growth processes,
40 m/m?day (600-1,000 gpd/sq ft) should removesuch as conventional activated sludge, contact
25 to 35% of the influent BOQUSEPA, 1989c). In stabilization, and extended aeration; or fixed film
most cases, COD removal performance is comparabf@ocesses, such as trickling filters, denitrification
to the BODR removal performance. If the primary filters, and rotating biological contactors (RBC). To
clarifiers do not achieve the expected B@ID COD  simplify the discussion of biological treatment, the
removal, engineering studies should be initiated tdollowing subsections focus on evaluating the
determine the need for additional clarifier capacity. performance of conventional activated sludge
processes and related BNR processes, which are the
Removal of toxicity associated with TSS may besystems most widely used in POTWs.
enhanced by addition of coagulants to the primary
clarifiers. The optimum conditions for coagulation andConventional activated sludge treatment is an aerobic
flocculation of toxicants can be determined by jar testgorocess that can be accomplished in one stage or zone.
These tests are used to establish the optimum type aB#R processes integrate carbon oxidation, as achieved
dosage of coagulant, the proper mixing conditions, anth conventional activated sludge treatment, with
the flocculent settling rates for enhanced toxicantreatment stages designed for nitrification,
removal (Adams et al., 1981). denitrification, and enhanced biological phosphorus
removal. These stages require specific treatment
A key operating parameter for controlling clarifier conditions, including anaerobic, anoxic, and aerobic
performance is sludge removal. Primary clarifierszones in the mixed liquors. The stages may be
generally function best with a minimum sludge separated by physical divisions, non-discrete zones, or
blanket. Sludge withdrawal should be adjusted tdy operating cycle (WEF/ASCE, 1992b). The
maintain the primary sludge concentration in the rangeequence and sizing of the BNR stages depend on the
of 3 to 6% total solids (USEPA, 1989c). effluent nitrogen and phosphorus concentrations that
must be achieved.
Biological Treatment
Biological treatment is a critical process at mostConventional activated sludge processes remove
POTWs because it is the process that converts orgariiosphorus and nitrogen in the course of converting
matter and nutrients to settleable microorganismgrganic matter to new biomass. The typical
Toxic pollutant removal during biological treatment phosphorus content of microbial cells is 1.5 to 2% on
can occur by biodegradation, oxidation, volatilization,a@ dry-weight basis (WEF/ASCE, 1992b). BNR
and adsorption onto the biological floc. Key factorsprocesses enhance phosphorus removal by utilizing the
affecting the removal of toxic pollutants are the rates ofequence of an anaerobic stage followed by an aerobic
biodegradation, tendency to volatilize, oxidize, or sortstage, which results in the selection of a biomass

onto solids, and the degree to which the pollutants magopulation capable of concentrating phosphorus from
inhibit the treatment process. 4 to 12% of the microbial cell mass. Enhanced

nitrogen removal in BNR processes is a two stage
Ammonia is a common cause of effluent toxicity atprocess: nitrification oxidizes ammonia to nitrite and
POTWSs that do not include nitrification treatment. Asthen to nitrate, and denitrification reduces the nitrate to
noted by USEPA (1991a), ammonia is often present ifitrogen gas. The nitrogen and phosphorus removal
effluents in concentrations varying from 5 to 40 mg/L.processes can be used independently (e.g., oxidation
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ditches and A/O® process, respectively) or can be Ifthe suspected toxicants are biodegradable or partition
integrated into a combined nutrient removal procest activated sludge, the MLVSS of the treatment
(e.g., KO® and BardenpHo processes). A wide process should be increased to the maximum levels that
variety of BNR systems are in operation, some otan be maintained at the POTW. The maximum
which are proprietary; therefore, specific informationMLVSS often will be limited by the available
on the process being studied may be obtained bgecondary clarifier capacity. Itis importantto consider
consultation with the system vendors. the effect of increased MLVSS on secondary solids
separation and the TSS concentrations of the clarifier

effluent. The Patapsco Wastewater Treatment Plant
TRE Example (WWTP) in Baltimore, Maryland, was operated at an
A United States east coast municipality implemerjted F/M ratio of 0.40 Ib BORIb MLVSS-day instead of
nitrification to achieve a seasonal NN limit of the design F/M ratio of 0.55 Ib BQIIb MLVSS-day,
1 mg/L (Engineering Science, Inc., 1994). The POTW because the POTW could not achieve consistent
typically achieved less than 1 mg/L MN. As a wastewater treatment at the higher organic loading.
result, the POTW effluent eliminated chronic toxicfty The increased MLVSS levels were thought to be
to fathead minnowd{mephales promelafrom May necessary dcause of the toxic effect that industrial
1 through September 31 each year; however,|thewastewaters were having on the activated sludge
effluent continued to be toxic during the remaindef of biomass (Slattery, 1987). For optimal treatment, it may
the year. In an effort to comply with the permit lihit = pe necessary to maintain F/M ratios that are on the low
for chronic toxicity, nitrification was extended for the end of the range typically observed for biological
full 'year. ~This modification eliminated chronfc  {regtment processes. The F/M ratio in an activated
toxicity to fathead minnows throughout the year. sludge system is generally maintained in the range of

0.2 to 0.4 Ib BORIb MLVSS-day for conventional
activated sludge, 0.05 to 0.15 Ib B@Ib MLVSS-day

The parameters that are typically used to evaluate tHer extended aeration, and 0.2 to 0.6 Ib BD
operational capability of an activated sludge systenMLVSS-day for contact stabilization (Metcalf and
include organic loading, oxygen requirement, andeddy, 1991). The recommended F/M ratio for
MCRT. Additional important operating conditions integrated BNR processes is generally in the range of
include the alkalinity requirement for nitrification, and 0.1 to 0.25 Ib BORIb MLVSS-day (Metcalf and
the BOLy requirement for phosphorus removal andEddy, 1991).

denitrification. Operating values for these parameters

can be compared to design specifications oinfluent BOD, concentrations should be high relative
recommended criteria to determine how well theto phosphorus levels to ensure optimal phosphorus

processes are being operated. uptake and removal in BNR processes. Although
optimum conditions vary according to the system
Organic Loading design, the ratio of total influent BQETBOD;) to

Organic loading affects the organic removal efﬁciency,inﬂuent TP should be 20:1 to 25:1 to meet an effluent
oxygen requirement, and sludge production offP level of 1.0 mg/L or less. More importantly, the
activated sludge processes. The most commok@tio of influent soluble BOD(SBOD,) to influent
measure of organic loading in suspended growti$oluble phosphorus (SP) should be 15:1 (WEF/ASCE,
processes is the F/M ratio, which is the organic load992b).
removed per unit of mixed liquor volatile suspended
solids (MLVSS) in the aeration basin per unit time.The presence of biodegradable material also is
High F/M ratios (i.e., high organic loading to MLVSS) necessary for denitrification in the first anoxic stage of
will result in a low organic removal efficiency, low BNR processes. For example, the Water Research
oxygen requirement, and high sludge production. Lovieommission (1984) found that the TKN to COD ratio
F/M ratios (i.e., low organic loading to MLVSS) will should be less than 0.08 to accomplish complete
lead to high organic removal efficiencies and lowdenitrification with the Bardenpfgrocess. In most
sludge production, but high oxygen requirements.  cases, carbon must be added to the anoxic stage either
by internal recycling of BODin process streams (e.g.,
nitrified effluent) or by chemical addition (e.g.,
methanol or acetate).

19



Oxygen Requirement (USEPA, 1989c). If the OUR results indicate an
Microorganisms in the activated sludge system requirexygen demand that is greater than the calculated
oxygen to metabolize organic material and nutrient®xygen demand, the oxygen supply may be inadequate.
and breldown biodegradable toxicants. Oxygen inThe opposite case (i.e., higher theoretical oxygen
diffused air or pure oxygen systems also may oxidizéemand than actual oxygen demand) is preferred;
toxicants. Oxygen deficient conditions can result ilhowever, a substantial difference may indicate
lower treatment efficiency and, as a result, a greatdéphibition of biomass activity.
potential for pass-through of toxic material. To ensure
an adequate supply of oxygen, the DO level for
conventional activated sludge (carbon oxidation
should be at least 2 mg/L during average loading OUR measurements were used to document the start-
conditions and 0.5 mg/L under peak loading$ up performance of the activated sludge treatment
(WEF/ASCE, 1992a). Typical air requirements ar¢ process at the Patapsco Wastewater Treatment Plant
1,500 cu ft/lb BOR load for conventional activated | (Botts et al., 1987). During the start-up, the OUR of
sludge and contact stabilization, and 2,000 cu ft/lp the biomass averaged 20 milligrams [r liter per
BOD; load for extended aeration (USEPA, 1989c)| hour per gram MLSS (mgQ/hr/g MLSS), and the
Air requirements for nitrification are higher becausg¢ POTW frequently exceeded its conventional pollutant
4.2 to 4.6 mg of oxygen are required per mg ofINH permit limits. As the biological system became
oxidized as compared to 0.6 fol mg of oxygen gccllmated to the wgstewater, the_effluent quality
needed per mg of BQDoxidized (WEF/ASCE, improved and the biomass OUR increased to| an
1992b). DO concentrations of 2 5 mg/L are average of 50 mg f/hrfg MLSS.
needed for nitrification in activated sludge processes
with short retention times. In integrated activated
sludge/nutrient removal processes, sufficient oxygef®Xxygen is not desirable in denitrification processes and
should be provided to achieve an oxidation and the initial (anaerobic) stage of biological phosphorus
complete nitrification at the maximum daily loading removal processes. Molecular oxygen must be absent
rate. for denitrifying organisms to reduce N® to nitrogen

gas. Phosphorus removing organisms require
Some of the oxygen consumed in the aerobic stage &aerobic conditions to accomplish the initial
in the form of NQ-N. This oxygen source can be phosphorus release step (resynthesis occurs in the
recovered in the denitrification process, which issubsequent aerobic zone). NR® and DO
generally located in an anoxic stage at the head of tf@ncentrations in the anaerobic zone should be kept
BNR system. Approximately 2.86 mg of oxygen isbelow 1 mg/L (WEF/ASCE, 1992b). Although mixing
recovered for each mg of NN reduced by biological is usually required in anaerobic and anoxic basins, itis
denitrification. Internal recycling from the aerobic minimized to prevent oxygen transfer to the mixed
stage to the anoxic stage can decrease the oxygb@uors. Also, DO carry over from the aerobic zone to
required for nitrification by 50 to 60%. Carryover of the anoxic @enitrification) zone should be regulated
molecular oxygen from the aerobic stage to the anoxithrough independent control of aeration equipment at
stage should be minimized by regulating the internathe end of the aerobic zone.
recycle rate. Generally, the recycle rate should be no
more than three to four times the influent flow rate foMean Cell Residence Time
these systems (WEF/ASCE, 1992b). In the course of biological treatment, activated sludge

microorganisms convert some of the organic matter
The transfer of oxygen from the gas phase to the liquidnd nutrients in the wastewater to new cell mass.
phase is a function of the aeration equipment and thEoxic constituents may also be degraded or adsorbed
basin mixing conditions. USEPAH&ndbook for onto the biomass. To achieve optimal treatment, the
Retrofitting POTWs1989c) describes a procedure forbiomass concentration in the aeration tank is held at a
estimating the oxygen transfer capacity in aeratioronstant level by routinely wasting the excess sludge.
basins based on equipment specifications. Anothe3ludge mass control can be practiced by maintaining a
estimate of oxygen transfer capacity involvesconsistent average age of activated sludge (i.e.,
comparing OUR of the biomass to the calculatedMCRT) in the system. The MCRT is calculated by
theoretical oxygen demand for the aeration systerdividing the total sludge mass in the system by the

TRE Example
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amount of sludge that is wasted each day (i.e., Ib/
day).

Ib pekdditional Considerations for BNR Process
Control

Additional considerations for BNR process control

The optimal MCRT for toxicity reduction will depend include maintaining sufficient alkalinity, proper
on the type of toxicant(s) in the wastewater. Somenanagement of sludge processing sidestreams, and
compounds may be more efficiently removed by aachieving efficient solids separation in the secondary

younger biomass (low MCRT) and other toxicants are|arifier.

Nitrification reduces the wastewater

treated better with an older biomass (high MCRT)alkalinity by 7.2 mg/L as CaC@or each mg of NN
(Metcalf and Eddy, 1991). In general, biodegradabl@xidized. However, about 40 to 50% of the alkalinity
toxicants are more efficiently removed using adestroyed by nitrification can be restored in

relatively long MCRT (WEF/ASCHE,992a); therefor
the MCRT may be set at the high end of the ran

€, the denitrification process. The carbonate/CO
ge dquilibrium in the mixed liquor determines the pH. As

values typically used for biological treatment.a general rule, alkalinity should be maintained above
Hagelstein and Dauge (1984) also found improvedo mg/L in the nitrification process in order to keep the
toxicity reduction of a petroleum waste at MCRTspH high enough for optimal treatment.

greater than 10 days. Typical MCRTs for aeration

processes are 6 to 12 days for conventional activateSecondary Clarification

sludge, 10 to 30 days for contact stabilization, and 2§, order for activated sludge and BNR processes to
to 40 days for extended aeration (USEPA, 1989C)yperate efficiently, the secondary clarifier must

System MCRTSs for nitrification and BNR processesgfectively separate solids from the liquid phase and

are generally long (20 to 40 days) because the g

rowlkbncentrate the solids for subsequent return to the

rates of nitrifying organisms are slower compared tQeration basin. In addition to clarifier design, solids-

those for heterotrophic organisms found

Nliquid separation is influenced to a large degree by the

conventional activated sludge systems (WEF/ASCEygration basin operating conditions such as DO levels,

1992b). Overly long MCRTs should be avoi
because subsequent denitrification treatment m

dedp/m ratio, and MCRT. If the MLVSS and MCRT of
ay Rfe aeration basin is to be maximized for toxicity

adversely affected if essential carbon has been depletgdnyol, it is important to consider the impact of this

in the nitrification/carbon oxidation stage.

change on secondary solids separation and effluent

TRE Example

In 1992, Novartis Crop Protection, Inc., in cooperat
with Makhteshim-Agan of North America, Inc., t
two principal manufacturers of organophosph
insecticides in North America, evaluated the remd
of diazinon and chlorpyrifos by various treatmgq
methods (Novartis, 1997). Anecdotal evidence fri
other studies (Fillmore et al., 1990) and treatabi
studies by Novartis suggested that adsorption (

solids was the dominant mechanism for removal o

organophosphate insecticides. The treatability t
performed in the 1997 study showed that about J
of the diazinon and 85 to 90% of the chlorpyrif
presentin POTW primary influent samples is adsor

onto primary influent solids and approximately 65[to

75% of the diazinon added to the mixed liquor|
adsorbed onto the biomass. Diazinon adsorption
greater for a 30-day MCRT biomass than for a 15-
biomass. Chlorpyrifos strongly adsorbed to
biomass; none remained after biological treatm
These results suggest that longer MCRTs may imp
removal of organophosphate insecticides.

TSS concentrations. Sludge settling characteristics are
affected by how the aeration basin is operated. Low or
high DO levels in the aeration basin can result in the
growth of filamentous bacteria (e.§\prcardia spp.
andSphaerotilus natansespectively) that can hinder
solids settling, whereas DO levels of 2 to 4 mg/L
promote the growth of “zoogleal-type” bacteria, which
aggregate into fast settling flocs. At very high organic
"' loadings (high F/M), the activated sludge can be
ity dispersed and will not settle well. This condition was
nt;) observed at the East Side Sewage Treatment Plant in
L sts Oswegq, New York, Which exper_iencedd{be bulking
”0% due to high effluent organic loadings (USEPA, 1984a).
Sludge setdablity was improved by increasing the

DS
bed MCRT and the sludge return rate.

on
e
hte
val
nt
bm

—

is The performance of secondary clarifiers in solids-
wasliquid separation is dependent on a variety of factors
Hay including clarifier configuration, SOR, clarifier depth
he at the weirs, the type of sludge removal mechanism,
bnt. and the return sludge flow rate. USEPAandbook
oveon RetrofittingPOTWS1989c) describes a system for
scoring secondary clarifier performance based on these

factors. Design clarifier SORs for conventional
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activated sludge processes are typically in the range strubbers and introduced into the treatment system via
400 to 800 gpd/sq ft (Metcalf and Eddy, 1991). Inthe scrubber waste stream. If the treatment process
general, integrated BNR processes require largetoes not degrade the cyanide, toxic concentrations may
clarifier capacity than conventional activated sludgebe discharged in the POTW effluent. Also, sufficient
processes, particularly where effluent quality must b@mounts of cyanide may be present to cause inhibition
high. of the biological treatment process, which leads to the
release of more cyanide in the POTW effluent.
Clarifier capacity is important for phosphorus removal,
because phosphorus is associated with the biomads, some municipalities, storm water and sewage are
which can be carried over into the final effluent asstill collected in the same sewer system. When a large
residual solids. At peak sustained flow, a clarifierstorm event occurs, the CSO is often diverted away
SOR of 800 gpd/sq ft is recommended to achieve &om all or part of the treatment system to prevent
final effluent TP concentration of 2 mg/L. Lower hydraulic over loading. In some cases, untreated
effluent TP limits may require chemical treatmentoverflows or bypasses may be directed into the POTW
using a metal salt of iron, aluminum, or calcium, andeffluent, which can cause the discharge of relatively
perhaps, a follow-on filtration process. For examplehigh concentrations of toxic and conventional
effluent phosphorus levels at the Jerry Sellers POTVgollutants.
in Cocoa, Florida, were reduced from an average of 2.9
mg/L to less than 0.2 mg/L with the atish of The POTW performance evaluation should include a
aluminum sulfate, commonly referred to as alumreview of data on process sidestreams, wastewater
(WEF/ASCE, 1992b). In general, effluent TP levels ofbypasses, and overflows that are discharged into all or
0.2 to 0.5 mg/L can be met through chemical additiorpart of the POTW or into the final effluent. Additional
with a clarifier capacity of 500 gpd/sq ft (WEF/ASCE, analytical and toxicity data may be needed to
1992h). characterize the levels of toxic pollutants and toxicity
in these waste streams. Information on the frequency,
Process Sidestreams and Wastewater Bypasses volume, and toxicity of sidestream discharges,
Some wastewater and sludge treatment processes dafpasses, and overflows also can be compared to
produce sidestream wastes that may have a deleteriodistorical effluent toxicity data to evaluate possible
effect on the wastewater treatment system or migﬁfends or relationships. This information can be used
contribute to effluent toxicity. In addition, raw or to determine if the discharges are a significant source
partially treated wastewater that bypasses part or all &f pollutants or toxicity, and whether current treatment
the treatment system can add substantial toxicity tpractices are sufficient to remove toxicity. If
POTW discharges (Mosure et al., 1987). necessary, consideration may be given to enhanced
treatment of process sidestreams to remove toxicants
Examples of POTW sidestreams include sludg&uch as metals. Enhanced treatment may involve
processing wastewaters (from thickening, digestionghanging the dosage of currently used coagulants
and dewatering of sludges), cooling water blowdownapplied for solids separation or adding new coagulant
incinerator scrubber blowdown, and backwash fron@nd flocculent aids. Bench-scale jar tests can be
tertiary filters. Sidestreams from anaerobic digestioperformed to determine the optimum type and dosage
and sludge dewatering can contain high concentratior® coagulant and the appropriate treatment conditions.
of BOD,, COD, nitrogen, and phosphorus that can
represent a significant loading to the aeration basirAdvanced Treatment Processes
Nitrogen and phosphorus in sidestreams are a concefulvanced treatment processes may be included in
for BNR processes, which can be compromised unlesome POTWs to achieve pollutant removal beyond
the loadings are removed, equalized, or separatelyhat is provided by biological treatment. These
treated. Also, some sidestreams may contain toxiprocesses may include filtration, adsorption, chemical
materials such as metals and cyanide that may pasgatment, air stripping, and breakpoint chlorination.
through the POTW. For example, cyanide may béf these processes, chemical treatment and filtration
formed during incineration of biosolids. Once formed,are most commonly used in POTWSs, particularly for
the cyanide may be captured in the incineratoenhanced phosphorus removal.
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Chemical Treatment lime, alum, sodium aluminate, ferric chloride, and
Chemical treatment can contribute to toxicity whereferrous sulfate. These coagulants have generally not
toxic residual concentrations or contaminants in théeen found to be toxic at the concentrations typically
product are present in the final effluent. Chemicalgised for phosphorus removal. For example, alum
used in the latter stages of wastewater treatment are@@sages as high as 20 mg/L did not cause chronic
particular concern because final treatment processéfluent toxicity in treatability tests conducted at the
(e.g., tertiary clarification, chlorination) are less likely City of Durham, North Carolina (Appendix D).
to remove residual concentrations (Note: potentialljNonetheless, steps should be taken to prevent
toxic disinfection byproducts, including residual excessive and inadvertent chemical use. Also, each
chlorine, are discussed in a following subsection)chemical additive used for treatment should be
When used wisely, treatment additives such agvaluated as a potential source of toxicity, not just
coagulants, flocculent aids, and hydrogen peroxidéuspect chemicals.
(H,0,) can also improve toxicity treatment.

If toxicity is associated with suspended solids,
Chemicals of concern in POTWs include chemicalshemical treatment conditions may be modified to
formerly classified as hazardous waste. Under RCRAgnhance toxicity removal. The optimum conditions for
a hazardous waste sold to a POTW is no longegoagulation can be determined by conducting jar tests.
considered a hazardous waste. According to 40 CFRhese tests can be used to establish the optimum type

Part 261.21(c)(5)(ii): and dosage of coagulant, the proper mixing conditions,
and the flocculent settling rates for improved
“A material is ‘used’ or ‘reused’ if it is... phosphorus and/or toxicity removal (Adams et al.,
employed in a particular function or 1981).

application as an effective substitute for a
commercial product (for example, spent
pickle liquor used as phosphorus precipitant
and sludge conditioner in wastewater Studies have been performed to evaluate the redugtion
treatment).” of organophosphate insecticides by chemical treatment
(Novartis, 1997). Chemical precipitation using ferfic

TRE Examples

chloride and polymer was found to only slighfly
TRE Example reduce diazinon levels. No major change in diazifion
concentrations was observed whether the coagulants
were added to primary wastewater or secondary
treated wastewater prior to clarification. Chlorinatipon
treatment was effective in reducing diazinon frgm
secondary clarifier effluent; however, chronic toxic|ty
was unchanged. Qualitative results suggest that the
chlorine oxidized diazinon to diazoxon, a byprodyict
that exhibits similar toxic effects as diazinon. The
results of additional treatments for diazinon are giyen
in Appendix H.

An example of the potential problems that may ogcur
with process chemicals was the use of a dechloringtiorn
agent at several City of Houston wastewater treatrent
plants (S. Bainter, personal communication, USEPA,
Dallas, TX, 1998). The City had routinely pasded

effluent toxicity tests until a dechlorination chemigal

was obtained from a new vendor. When the chenfical
was applied, effluent toxicity was observed at eacp of
the POTWs. At the time, the City did not know the

chemical may be problem andoroceeded to retaif
consultants to conduct TREs at tlaeifities. In the A study conducted for San Francisco Bay ayea
meantime, the supply of the dechlorination chemical | POTWs also evaluated the effect of chlorine |on

was depleted and the city turned to a new source of the organophosphate insecticide concentratigns

chemical. When the new chemical was applied,|the| (AQUA-Science, 1995). This study evaluated the {ise
POTWs started to pass the effluent toxicity tegts.| of household bleach as a measure that residgntial
POTW staff can avoid similar problems if vendors @re | customers could use to degrade diazinon in spray
gueried about potential contaminants in the waste| containerrinsate and chlorpyrifos from pet flea washes
chemicals or toxicity tests are performed on product | prior to disposal into the sewer. Samples of tap whter
samples to verify their suitability. were spiked with diazinon (60 pg/L) and
chlorpyrifos (10.0 pg/L) and treated with either 0.005

or 5% solutions of household bleach for 24 hoyrs.
Chemical treatment is often practiced for phosphorysresults showed that both bleach concentrations
removal at POTWs. Typical coagulant aids include
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. . - ncern he eff f chlorine on ic lif
reduced concentrations of the insecticides by 86 to concerns about the effects of chlorine on aquatic life

92%. The study suggested that household bleach mayand human health.

be an effective pretreatment for waste solutions of the The chlorine disinfecti hould b ull
two insecticides prior to disposal. Additional stud|es e chlorine disintection process should be carefully

are planned to further define bleach exposure tifnes €valuated because residual chlorine and other by-
and concentrations under actual use conditions afd toProeducts of chlorination (i.e., mono- and dichloro-
characterize the chemical oxidation prodpetsiuced amines,hitrogen trichloride) are toxic to aquatic life

by the chlorine treatment. Additional information pn  (Brungs, 1973). Chlorine dosages are usually based on
this study is presented in Appendix F. the level of residual chlorine to be maintained in the

final effluent as specified in the NPDES permit. The
POTW performance evaluation should focus on the
minimum amount of chlorine that can be applied to
achieve the required residual chlorine concentration. In
identified; jar tests with D, showed a substantigl some cases, the TRC level specified in the NPDES

reduction in chronic toxicity t€eriodaphniadubia | ~P&rMit may be sufficient to cause effluent toxicity. In
(C. dubig at dosages ranging from 1 to 10 mg/O4 general, TRC concentrations abd¥@5 mg/L are a
Since the City began adding,®), to the POTW| concern (D. Mount personal communication, AScl

effluent (final concentration of 5 to 7 mg/L), resultsjof Corp, Duluth, Minnesota, 1991), although its toxicity
a singleC. dubiatest show that the effluent NOE[C ~ Will depend on the effluent matrix and the species used

was reduced from <15 to 90%. for effluent monitoring. Residual chlorine levels can

H,O, has been used by a North Carolina municipglity
to control toxicity associated with non-polar orgafic
toxicants (Aquatic Sciences Consulting, 1997).
Although the specific toxic copounds were no

be compared to toxicity data reported in the literature
(USEPA, 1984b) to determine if chlorine may be a
Granular Media Filtration potentialcause of effluent toxicity. If dechlorination
Granular media filtration is usually applied afteris practiced following chlorination, information on the
biological treatment to remove residual suspendetype and amount of oxidant-reducing material also
solids, particulate BOJ) or insoluble phosphorus. should be obtained.
Filter influent is often chemically pretreated to enhance
removal of suspended solids and phosphorus. A chlorination process thatis not continuously adjusted
addition to the metal salts noted above, polyelectrolytetp varying flow and chlorine demand may cause
may be added to improve coagulation and flocculatio®ffluent toxicity. Fortunately, this problem can be
of chemically treated influents. Typical polymer corrected easily by more frequent monitoring of the
dosages are 0.5 to 1.5 mg/L for settling otflulent chlorine residual in effluent samples and more frequent
suspensions before filtration and 0.050td5 mg/L ~ adjustments in the addition of chlorine and
when added directly to the filter influent. Somedechlorination chemical.  Flow-proportional feed
polymers can be toxic to aquatic life (Hall andequipment for chlorine and dechlorinating agents
Mirenda, 1991); therefore, polymers used in theshould be used to minimize the potential for excess
filtration process should be evaluated for the potentisthemical addition.
to contribute to effluent toxicity.

TIE Phase | Tests
Poor filter performance should be investigated,TIE Phase | tests (USEPA 1991a, 1992a) can be
especially the pass-through of potentially toxicconducted in parallel with the above operations and
material. Loss of suspended solids and other pollutantgerformance review to obtain information on the types
may result from high hydraulic and solids loadings,of compounds causing effluent toxicity. An overview
excessively long filtration cycles, and incompleteof the Phase | procedure is described in Section 4 of
backwashing and cleaning of the filter. this guidance.

Disinfection TIE Phase | testing in the POTW performance
Disinfection is generally achieved by treating theévaluation focuses on characterizing toxicants that may
secondary eflent with chlorine and allowing a be present in the effluent because of inadequate
sufficient contact period prior to discharge.treatment performance or routine operating practices.
Alternative disinfection practices such as ultravioletPhase | results, when taken together with the POTW
(UV) radiation are becoming more popular because dderformance evaluation data, may provide important
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clues about possible in-plant toxicants. Based on thi®rganophosphate insecticides also have been identified
information, treatability tests may be designed toas causes of effluent toxicity at POTWSs (Ankley et al.,
evaluate methods for removing the suspected effluerit992; Amato et al., 1992; Bailey et al., 1997; Botts et
toxicants. al., 1990; Burkhard and Jenson, 1993). TIE Phase |
procedures that affect organophosphate insecticides
TIE Phase | testing includes several characterizatiomclude C18 SPE and treatment with a metabolic
steps that can be used to indicate the presence of “iblocker, piperonyl butoxide (PBO). PBO can be added
plant toxicants” such as ammonia and chlorine. Onto effluent samples or methanol eluates from C18 SPE
step involves pH adjustment of the effluent sample t@olumns to block the toxicity of metabolically activated
three distinct pHs, such as pH 6, 7, and 8 prior tdoxicants like organophosphate insecticides. PBO has
toxicity testing to indicate the effect of pH changes orbeen shown to block the acute toxicity of diemi,
effluent toxicity. The pH adjustment will shift the parathion, methyl parathion, and malathion to
equilibrium concentration of ammonia between itscladocerans, but does not decrease the acute effects of
toxic form (NH,;) and its essentially nontoxic form dichlorvos, chlorfenvinphos, and mevinphos (Ankley
(NH,). As pH increases, the percentage of totaktal., 1996). A reduction in toxicity by PBO treatment
ammonia (NH and NH) present as NHncreases. If together with toxicity removal by the C18 SPE column,
adjusting the effluent sample pH to 8 increases thescovery from the C18 SPE column, and effluent
toxicity and if lowering the effluent sample pH to 6 concentration data can provide strong evidence for the
decreases the toxicity, the identity of the effluentpresence of organophosphate insecticides. An
toxicant would be consistent with ammonia (Sectiorexception is chlorpyrifos, which is not recovered well
4). Another Phase | step is designed to indicatérom C18 SPE columns (see Appendix F).
whether wastewater oxidants, such as TRC (i.e., free
chlorine and rano- and dichloroamines), are causingConventional Wastewater Treatability Testing
toxicity. Sodium thiosulfate, a reducing agent, iSThe operations and performance information may
added to eliminate TRC and other oxidants. Thedentify areas in the POTW where improvements in
thiosulfate is added to serial dilutions of the effluentconventional pollutant treatment may reduce the
sample with 1 or 2 levels added across the di|u'[i0l’l5pass-through of toxicity. This information and
Toxicity tests on samples with and without thiosulfatethe optional TIE Phase | data also may indicate in-
treatment are used to indicate if oxidants such as TR@lant sources of toxicants such as process
may be causing effluent toxicity. sidestreams or over chlorination. Using these data, a
wastewater treatability program may be devised and
It is important to note that each of the TIE Phase implemented to assess in-plant options for improving
characterization steps described above addressesc@nventional treatment and eliminating in-plant
broad class of toxicants rather than specific effluensources of toxicity.
constituents, such as ammonia and TRC (USEPA,
1991a). For example, the toxicant affected by pHrreatability studies are recommended prior to
adjustment may be a pH sensitive compound thatomprehensive TIE testing (Section 4) in situations
behaves in the same manner as ammonia. Also, thghere improvements in treatment operations and
oxidants that are neutralized in the thiOSU|fatq:)erformance are needed to attaimcceptable
treatment step include bromine, iodine, and manganousnventional pollutant treatment. Otherwise, TIE
ions in addition to TRC. Also, some cations, includingtesting of poor quality effluents could lead to erroneous
selected heavy metals, are complexed by thiosulfaigonclusions about the nature of effluent toxicity. For
and may be rendered nontoxic (Hockett andult,  example, inadequate conventional pollutant treatment
1996). Therefore, the Phase | results should bgould cause toxic materials to pass through the POTW
compared with information from the POTW operationsthat would otherwise be removed. In the POTW
and performance review to substantiate the evidenggerformance evaluation, treatability studies should
for a particular toxicant. Using the previous examplefocus on conventional pollutant treatment deficiencies
the assumption that TRC is causing oxidant toxicitythat are suspected of contributing to effluent toxicity.
would be corroborated if operations data show thathe scope of the treatability studies program should be
toxic concentrations of chlorine are maintained in thehased on clear evidence of a consistent treatment
final effluent (see Table 2-1 for levels of concern).  deficiency causing toxicity over time. If sufficient
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information is not available to develop aimprovements in existing conventional pollutant
straightforward treatability program, additional datatreatment will reduce effluent toxicity. If bench-scale
must be gathered in the subsequent stages of the TREts suggest that toxicity can be reduced, follow-up
before in-plant toxicity control (Section 6) can bepilot-scale or full-scale testing is recommended to
evaluated. confirm the initial results. As shown in Figure 3-1, if
this testing is successful in identifying improvements
Treatability studies can vary from a simple evaluatiorin conventional pollutant treatment that will achieve
such as testing the effect of TRC reduction on effluenacceptable levels of effluent toxicity, the TRE proceeds
toxicity to an extensive effort involving long-term to the selection and implementation of those options
bench- and pilot-scale work. Prior to beginning thes€Sections 6 and 7). If, however, the treatability data
studies, the POTW operations and performance datadicate that improved in-plant treatment will not
and the optional TIE Phase I results should be carefullseduce effluent toxicity to acceptable levels, other
reviewed and an appropriate treatability test programapproaches must be investigated, including TIE testing
should be developed using best professional judgmen(Section 4).
The nature and variability of effluent toxicity must be
completely assessed (Section 4) prior to implementin@hemical Treatment
an extensive treatability effort. Chemical treatment may be applied in primary
sedimentation, secondary clarification, filtration, and
A treatability program can be devised to evaluatgidestream treatment processes. As noted above, jar
modifications in existing treatment processestests can be used to determine the optimum type and
Evaluating new or additional treatment units should b@osage of chemical, the proper mixing conditions, and
attempted only after further effluent characterizationthe flocculent settling rates for improved conventional
studies (i.e., TIE) have been performed. POTWpollutant and toxicity removal (Adams et al., 1981).
performance evaluation treatability testing may involveas noted, some chemical additives, including polymers
physical/chemical treatment approaches, such a$all and Mirenda, 1991), can be toxic; therefore, the
coagulation and precipitation, solids sedimentationtoxicity of the chemicals should be evaluated as part of
granular media filtration, powdered activated carbonreatability testing.
adsorption, or biological treatment approaches, such as
activated sludge or sludge digestion. Sedimentation

o ) ) Sedimentation processes remove suspended solids or
Toxicity control is the ultimate goal of the TRE; fiocculent suspensions from the wastewater. In

therefore, toxicity tests should be performed in additioryeneral, sedimentation in POTWs is characterized by
to the conventional pollutant analyses normallyfiocculent settling for wastewater (i.e., primary
conducted in treatability studies. Toxicity tests aregjarification) and zone settling for mixed liquors (i.e.,

used to assess the capability of the treatméndgcondary clarification) and sewage sludgesd@
modifications for toxicity reduction. In some cases, thepjckening).

waste streams to be tested may exert a high oxygen

demand and aeration may be needed to maintainfocculent settling rates can be converted to a clarifier
minimum DO level of 4 mg/L in the toxicity test. SOR by measuring the flocculent percent removal with
Aeration may affect toxicant characteristics; thereforetjme in a settling column test (Adams et al., 1981). If
it may be necessary to use an alternative test methoghagulants are needed, the optimum conditions for
such as Microto that is not affected by low DO. figccylation can be determined from jar tests, as noted
Side-by-side testing with alternative methods Orypove. A series of settling column tests can then be

species and the definitive test can be used to seleci@rformed to compare particle settling profiles for
procedure that correlates well with the definitive testyarious coagulant doses and mixing conditions.

This initial testing will help to ensure that the
alternative test method opecies is seiitive 10 the  zone settling also can be evaluated in settling column
effluent toxicants of concern. tests. The settling velocity of mixed liquor or sludge is

) ) ) ) determined by measuring the subsidence of the liquid-
The following subsections briefly describe some of theyigs interface over time (Adams et al., 1981). A

treatability tests that can be used to determine iéeries of tests are performed using the anticipated
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range of suspended solids loadings to the clarifiewastewater constituents or toxicity is determined by
Test results are used to calculate a solids flux curveonducting batch isotherm tests and continuous-flow
that can be used for clarifier design. tests (Adams et al., 1981).

Activated Sludge The effectiveness of carbon in removing BOD
Continuous flow and batch biological reactor tests cagelected organic contaminants (e.g., phenols), or
be used to assess pollutant and toxicity treatability, an@xicity is predicted by adding varying amounts of
to predict the process kinetics of an activated sludgeowdered activated carbon (PAC) to wastewater
system. A series of bioreactors are generally operat&@mples and measuring removal of the organic
under a range of MCRT values to determine optimum‘:onstituents or toxicity. The equilibrium relationship
operating conditions (Adams et al., 1981). between a wastewater and carbon usually can be
described either by a Langmier or Freundlich isotherm.
The operational performance of bioreactors can bé plot of equilibrium concentration versus carbon
evaluated by measuring pollutant removals, OUR¢apacity is used to select the required PAC
MLVSS, and the zone settling velocity (ZSV) of the concentration to add to activated sludge processes.
sludge. These measurements are used to determine the
biodegradation kinetics of the wastewater, the potentigFontinuous-flow tests are required to confirm the batch
for treatment inhibition, and the preferred sludgeisotherm results. PAC tests involve adding PAC to
settling conditions.  Samples of the influent,bench-or pilot-scale biological reactors and monitoring
intermediate treatment stages, and effluent of th&éhe removal of the organic wastewater constituents or
bioreactors can also be tested for toxicity to evaluatéoXicity.
the system’s toxicity reduction capability. Appendix D
provides an example of the use of batch treatability
tests to evaluate toxicity reduction in a BNR process.

TRE Example

Activated carbon was investigated as a toxicity confrol
If results of bench-scale treatability tests suggest thpboption in the TRE at the Linden Roselle Sewerage
full-scale treatment will reduce effluent toxicity,| Authority’s (LRSA) POTW in New Jersey (Append|x
follow-up pilot-scale or full-scale tests are| G). Both PAC and granular activated carbon (GAC)

recommended to confirm the results. were expected to remove non-polar organic toxicity in
the effluent; however, the costs were determined tp be
Granular Media Eiltration prohibitive. It was also anticipated that carbon wopld

concentrate the toxicants in the mixed liquor and cguse

Toxicity removal by filtration can be evaluated in .
unacceptable sludge quality.

bench-scale tests or in full-scale tests of existing
processes. The main parameters to be evaluated in

filtration testing include hydraulic loading rate, media

type and configuration, and, if necessary, type and dod&etreatment Program Review

of chemical coagulant (Adams et al., 1981). FiltrationPOTW pretreatment program data (Table 2-3) may
testing results can be used to correlate removal dgffovide information that can be used in subsequent
suspended solids and toxic compounds with loss d#teps of the TRE such as the toxicity source evaluation
toxicity. These results are ultimately used to establiskSection 5). Information on the main trunk lines and
the optimum design and operational conditions fothe types of indirect dischargers in the sewer collection
conventional pollutant and toxicity removal, including System can be used to devise a sampling strategy for
filter type and dading rates, media characteristics,tracking the sources of toxicants or toxicity. In some
backwashing, and headloss development. Examples 68ses, the pretreatment program data may be sufficient
the use of filtration in toxicity treatability studies are to identify the sources of effluent toxicants identified

presented in Appendices C and D. in the TIE. In most cases, however, additional data,
such as wastewater flow and toxicant concentrations in
Activated Carbon Adsorption indirect discharges, will be needed to track the sources

Activated carbon may be applied in powdered form tPf toxicants or toxicity.

the activated sludge process or may be used in granular ) o
form in a post treatment process (e.g., columns). ThEhe information needed to conduct a toxicity source

capability of carbon adsorption for treatment of organi€valuation is presented in Section 5. Ina USEPATRE
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research study conducted in Linden, New Jerse
pretreatment program data on wastewats
characteristics of the main sewer lines and industri
dischargers were used to develop a comprehensi
toxicity tracking program (see Appendix G). Source
of toxicity were successfully identified by devising &
sampling schedule that accounted for periods of norm
industry activity and periods of temporary shut-dowr
for industry maintenance. The level of toxicity from
the industries was found to vary with the industny
production schedules.

It may be possible, in a few cases, to identify the toxi
sources by comparing chemical-specific data on th

POTW effluent to information on suspected sources ¢f
This pretreatment progran
chemical review (PPCR) approach is recommendgd

the toxic pollutants.

only in situations where the POTW has only a few
indirect dischargers that have relatively non-comple
wastewaters.

Y,
r
Al The PPCR approach was applied at the Mt. A
VPOTW in North Carolina that receives industr
b wastewater from only a few sources, all of which
textile industries (Diehl and Moore, 1987). Detail
ainformation on the manufacturing processes
wastewater discharges of the industries was gath¢
including data on the toxicity and biodegradability
raw and manufactured chemicals as provided
material safety data sheets (MSDS) and the scier]
literature. This information was used to ident
industrial chemicals with a relatively high potential|to
cause toxicity. Subsequent chemical analysis off the
POTW effluent was performed to evaluate the
presence of the suspected industrial toxicahts.
Effluent results were then compared to literatre
toxicity values for individual compounds. Using this
approach, APE surfactants, largely attributed to textile
industries, were identified as the primary cause$ of
POTW effluent toxicity.

TRE Example
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PPCR methods are described in Appendix I. These

methods involve a direct comparison of industrysuch as organophosphate insecticides also may be
chemical data to POTW effluent toxicity. It is responsible for effluent toxicity (see Appendices A
important to emphasize that drawing preliminaryand F). In summary, comparisons of toxic pollutant
conclusions based on PPCR results can be misleadiecgncentrations to effluent toxicity may yield false
because pretreatment monitoring information could beorrelations. Whenever possible, results of TIE testing
incomplete, analytical techniques may not be sensitivehould be used in lieu of PPCR results because the TIE
to low levels of effluent toxicants, and the estimatedestablishes a cause and effect relationship between
toxicity of individual compounds may not reflect the toxicants and effluent toxicity.

whole effluent toxicity. Domestic sources of toxicants
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Section 4
Toxicity ldentification Evaluation

Introduction respectively. Each TIE is unique and a strategy should

The TIE is an integral tool in the TRE process and i¥€ developed for each study that accounts for site-
applied to evaluate the acute and short-term Chr(_-,n@oe_cific (_:onditi_ons and allows ﬂexibility_ in the study
toxicity of effluents and other samples. Toxicity is thedesign, including the use of alternative tools and
trigger for TRES; therefore, the toxicity test is used inféchniques noted in the TIE documents.
the TIE as the detector for chemicals causing effluent
toxicity. Many types of test species and testSeveral effluent samples should be tested to
conditions, including lethal (acute) and sublethalcharacterize the magnitude and variability of effluent
(chronic) measures for both freshwater and saltwatefoxicity over time. Failure to understand the variability
can be adapted for use in the TIE. The use of modifield Whole effluent toxicity_ and individual toxicants
effluent monitoring procedures, which incorporate thecould lead to the selection of controls that do not
permit test species or a suitable surrogate, will help tgonsistently reduce toxicity to compliance levels.
ensure that the toxicants identified are the ones th&ampling requirements for TIEs are described in
specifically affect the species of concern. In the TIESection 11. In addition to effluent tewi, the TIE
the toxicity test is used to track changes in the presenggocedures can be applied in toxicity source
and magnitude of toxicity as the effluent is evaluations (Section 5) to obtain information about the
manipulated to isolate, remove, or render biologicallyfauses of toxicity in sewer wastewater or industrial
unavailable specific types of constituentg (evolatile, ~ discharges.
filterable, oxidizable). These procedures relate toxicity
to the wastewater’s physical/chemical characteristics td OXicCity Tests
determine the compound(s) causing effluent toxicity. The choice of acute or short-term chronic tests in the
TIE should be determined based on discharge permit
This section of the guidance is intended to be a generaquirements and the toxicity exhibited by the effluent.
guide for TIEs. For specific guidance on how toModifications to the whole effluent toxicity test
conduct TIEs, the reader should consult USEPA’s TIEprocedures specified in the permit (USEPA 1993c,
manuals (USEPA 1991a, 1992a, 1993a, 1993b, 1996)994a, 1994h, 1995) have been made to streamline the
The TIE procedures consist of three phases: PhasdIE process. These modifications are described in the
involves characterization of the toxic wastewaterespective TIE characterization, identification, and
components, Phase Il is designed to specificallgonfirmation manuals and include smaller test
identify the toxicants of concern, and Phakeis volumes, shorter test duration, smaller number of
conducted to confirm the causes of toxicity. Figure 4-Xeplicates, reduced number of test concentrations, and
presents the logical progression of these three phaseduced frequency of sample renewal (USEPA 1991a,
within the framework of a municipal TRE. USEPA 1992a, 1996). In addition, it is often more useful to
has published guidance documents for performing eaawvaluate only one effluent sample in chronic TIEs
phase of the TIE procedures. Phase | procedures drestead of multiple samples (e.qg., two, three, or seven)
available to characterize acute (USEPA 1991a, 199@)s is typically used for chronic toxicity monitoring.
and short-term chronic toxicity (USEPA 1992a, 1996) Reducing the scale of the toxicity tests improves the
Phase Il procedures (USEPA, 1993a) and Phase Wfficiency of processing the large number of
procedures (USEPA, 1993b) are used to identify andubsamples usually generated in the TIE. During the
confirm the causes of acute or chronic toxicity,
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Figure 4-1. Flow diagram of a toxicity identification evaluation.
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confirmation stage of the TIE (Phase lll), wholethat triggered the TRE is encouraged to ensure that the
effluent toxicity test methods are applied to confirmtoxicants identified are the ones that affect the species
that the toxicant(s) identified in Phases | and Il is thef concern. Also, NPDES permit species are more
cause of the observed effluent toxicity. widely used in TIEs; therefore, extensive published
data are generally available to help characterize and
TIE procedures have been designed to utilize bothdentify the toxicants affecting these species.
freshwater and estuarine/marine species in acute and
short-term chronic tests (USEPA 1991a, 199983b, The TIE should incorporate modifications in toxicity
1996). Most POTW discharges to freshwater areest procedures that are specified in the permit, to the
monitored with the cladocerarC. dubig and/or extent practicable. If pH control in the toxicity tests is
P. promelasor, less commonly, the cladocerans,allowed (T. Davies, USEPA, Office of Water,
Daphnia magnaor Daphnia pulex and the trout, Memorandum on Clarifications Regarding Flexibility
Oncorhynchus mykis€. dubiaandP. promelasvere  in 40 CFR Part 136 Whole Effluent Test Methods
used in the development of the TIE procedures andpril 10, 1996), the effects of pH should be addressed
many subsequent TIEs have been performedhen evaluating effluent toxicants.  However,
successfully with these species (USEPA 1991a, 1992arocedural modifications should be limited to steps that
19934a, 1993b), including the case studies presented ame easy and practical to implement.
Appendices A, E, and F. TIEs also have been
performed with trout (Goodfellow et al., 1994) and theEffluents with intermittent and ephemeral toxicity may
green algaSelenastrum capricornuturfWalsh and be challenging to characterize using TIE procedures.
Garnas, 1983). Intermittent toxicity may require adjustments in the
TIE such as performing frequent toxicity screening
In addition, USEPA has provided guidance for the uséests over time to ensure that toxic samples are
of Atlantic, Pacific, and Gulf coast estuarine/marinecollected. Some effluents also may exhibit toxicity that
species in TIEs (USEPA, 1996). A compilation ofdissipates after the samples are received and the initial
marine TIE studies has been prepared (Burgesand baseline toxicity tests are performed. If possible,
personal communication, USEPA, Narragansettthis ephemeral toxicity may be characterized by
Rhode Island, August, 1998). TIEs have beertonducting both the baseline test and TIE treatments
performed using mysid shrimpviysidopsis bahia immediately upon sample receipt. Also, it may be
(Morris et al., 1990; Qbns, et al., 1994; Burgess et possible to shorten the time between sample collection
al., 1995; Douglas et al1996), the grass shrimp, and testing (i.e., <36 hours) or use grab samples in
Paleomonetes pugigGoodfellow and McCulloch, additionto composite samples. Depending on the level
1993), the mussel®ytilus edulis(Edile et al., 1995) of effluent toxicity, it also may be challenging to
and Mytilus cdifornianus (Higashi et al., 1992), the discern differences in toxicity following the various
sheephead minnow,Cyprinodon varegatus TIE treatments. Steps that may improve
(Goodfellow and McCulloch, 1993; Burgess et al.,characterization of these samples include adding more
1995; Douglas et al.,, 1996), the inland silversidereplicates and/or effluent concentrations in toxicity
Menida beryllina(Burgess et al., 1995), the purpletests used in the TIE and testing more samples to
urchin, Strongylocentrotus purpurtu(Bailey et al. evaluate trends in the toxicity characteristics.
1995; Jirik et al., 1998), the urchixbacia punctulata  Additional information on this topic is given in
(Burgess et al., 1995), the sand dolBendraster USEPA'’s TIE manuals (1991a, 1992a, 1996).
excentricus(Bailey et al. 1995), the red abalone,
Haliotis rufenscenqGriffin et al., 1993), the alga, Effluent monitoring data often includes information on
Champia parvuldBurgess et al., 1995), the giant kelp, the relative sensitivity of test organisms. Itis generally
Macrocystis pyrifergHigashi et al., 1992; Griffin et recommended that initial TIE testing be performed
al., 1993) and other estuarine/marine species (Higashising the test species that has been shown to be most
et al., 1992; Weis et al.,, 1992). Case studies thaensitive to the effluent. In cases where equal
utilized the echinodermsS. purpuratusand D.  sensitivity is observed, the organism that is easiest to
excentricus,and the mysid shrimpM. bahia, are use in the TIE should be selected. Phase Il
presented in Appendices B and G, respectivelyconfirmation tests should utilize each of the species
Although many species can be used in TIEs, the use oéquired by the discharge permit to ensure that all
the species that is specified in the NPDES permit atoxicants of concern have been determined.
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A brief description of the TIE procedures is providedaliquot of the efflient sample also is used to evaluate
below. Examples of TIE applications in municipalthe presence of pH sensitive compounds such as
TRESs are presented in Appendices A through G. ammonia. In addition, an aliquot of the effluent
sample is passed through a C18 SPE column that
TIE Procedures selectively removes non-polar organic compounds

Acute Toxicity Characterization (Phase 1) (USEPA, 1991a).

The first step in the TIE is to characterize effluent ) )
toxicity using the Phase | approach (USEPA, 1991a)|_n ge.ne.ral, the TIE procedures used for marine species
This procedure involves several bench-top treatmerfi® similar to those used for freshwater species, except

steps to indicate the general types of compounds thHtat Samples used in marine TIEs must be adjusted to
are causing effluent toxicity. An initial toxicity test is the_Salinity appropriate to the species being tested

performed to determine if the sample is acutely toxic(USEPA, 1996). As part of the development of the
Simple manipulations for removal or alteration of Marine TIE procedures, USEPA found that marine

effluent toxicity are then performed and the resultingSPecies can tolerate EDTA and sodium thiosulfate

treated samples and the original sample are tested fapditions at concentrations that can affect toxicants of

toxicity. The physical/chemical characteristics of theCONCeM. Marine species can also tolerate methanol at

toxicants are indicated by the treatment steps th&once'ntrations thatare n'ecessaryto evaluate non-polar
reduced toxicity relative to the baseline test. organic compounds with the C18 SPE column.
However, there are exceptions to the methods used for

Jreshwater species for TIE steps. Due to the strong
carbonate buffering capacity of seawater, it is difficult

to characterize pH dependent toxicants using acids,
« Initial toxicity (unaltered effluent) bases, and organic buffers. The only efficient method

« Baseline toxicity(unaltered effluent) for maintaining pH in the pH mar_1ipu|ation procedures
« pH adjustment (pH 3 and 11) is to use controlled atmospheric chambers. Also, a

« Filtration/pH adjustment (pH 3 and 11) higher range of pH values is used in the graduated pH
« Aeration/pH adjustment (pH 3 and 11) procedure because of the sensitivity of some marine

. C18 SPE/pH adjustment (pH 3 and 11) species to lower pH.
» Sodium thiosulfate additions
» Ethylenediaminetetraacetate (EDTA) additions
» Graduated pH adjustments.

The Phase | characterization includes the followin
tests:

When characterizing toxicity to marine species,
USEPA recommends adjusting the salinity of samples
before performing Phase | manipulations (USEPA,

USEPA recommends performing the full suite of Phasd996: Ho et al., 1995). However, if a Phase | TIE is
| procedures on initial effluent samples (USEPAbe'_ng conducted to help |deqt|fy potential treatment
1991a, 1996). As information is obtained on the natur@Ptions for the POTW, the salinity of the samples may
and variability of toxicity, additional Phase | tests mayP€ adjusted after the TIE manipulations are performed.
focus on the steps that are successful in affectingiS @Pproach is ecessary to ensure that toxicity
toxicity. The aeration procedure is used to determin£emoval in the TIE reflects the conditions that would
if toxicity is associated with volatile or oxidizable °CCUr in the POTW (i.e., mimics treatment before
compounds. The filtration procedure is designed t&liScharge to saline waters).

evaluate whether toxicity is in the suspended

particulate phase or in the soluble fraction. AeratiopUPSequent tests are recommended to further
and filtration, in conjunction with pH adjustments arecharacterize effluent toxicity. These tests are described
used to evaluate the volatility and solubility of N the acute Phase | document (USEPA, 1991a) in the
toxicants such as ammonia, hydrogen sulfide andnterpretation of Results/Subsequent Tests” sections

metals. The toxicity of oxidants and certain metals id0F €ach procedure. Some of these procedures include
evaluated by adding sodium thiosulfate . €lution of the C18 SPE column with methanol to retain

Cationic metal toxicity is determined by possible toxicants for further testing. If Phase | does

ethylenediaminetetraacetate EDTA additions and(Ot adequately characterize the toxicants, other
possibly, by the graduated pH procedure. Théechmquescan be used, such as ion exchange resins for

graduated pH step is used to evaluate for the presen@Bions and cations; XAD (acommercially available ion
of pH sensitive compounds such as ammonia. AfXxchange resin) and activated carbon for various
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inorganic and organic compounds; and moleculaAfter successful completion of Phase I, it may not be
sieves, such as Sephadex resins that separatecessary to proceed to Phases Il #hd If the
compounds by molecular weight (Walsh and Garnasffluent toxicity can be isolated to a class of
1983; Lankford and Eckenfelder, 1990; Burgess et algompounds, POTW staff may opt to evaluate the
1997). TDS is an example of a toxicant that may notreatment of effluent toxicity. These studies may
be well characterized in the TIE. Methods forinvolve bench-scale or pilot-scale testing procedures
characterizing and identifying TDS toxicity are described in Section 6. However, if toxicity remains
presented below. following implementation of toxicity control methods,
the TIE should begin again with Phase I. In most
The characterization procedures are relatively broadases, a complete TIE using all three phases will
and can indicate more than one class of toxicanprovide results that will lead to a more cost-effective
Additional tests are needed to delineate the nature efvaluation of toxicity control approaches.
the toxicity if significant toxicity changes occur
following the Phase | tests. For example, the C18 SPEhronic Toxicity Characterization (Phase )
column procedure, which is designed to determine iffhe chronic TIE Phase | procedures (USEPA 1992a,
non-polar organic compounds contribute to toxicity,1996) are similar to the acute Phase | procedures and
also can remove other compounds such as metaigclude aeration, filtration, C18 SPE treatment,
USEPA (1991a, 1992a) reports that aluminum, nickelchelation with EDTA, oxidant reduction and/or
and zinc concentrations may be adsorbed onto the Clecipitation with sodium thiosulfate, and graduated
SPE resin. Confirmation that the C18 SPE colummpH testing. The chronic test measures sublethal
removed non-polar organic compounds is obtained bgffects, such as reproduction, fertilization, cyst
eluting the column with methanol to try to recover '[hedevelopment, and/or growth. These measurements
toxicity. If toxicity can be recovered in the methanolmay be affected by the TIE manipulations.
eluate, then a non-polar organic toxicant is likelyAdjustments have been made in the TIE procedures to
causing toxicity because metals do not elute withimit toxicity artifacts. As in acute TIEs, additional
methanol. If toxicity adsorbed by the C18 SPE columrsteps are recommended to evaluate potential toxicity
is not recovered by the methanol elution, the columnartifacts, including use of system blanks and replicate
may have removed toxicants other than non-polagests.
organic compounds, such as metals, or the non-polar
organic compounds may have a higher affinity for theThe same freshwater species typically used in acute
SPE column resin than methanol. Appendix ETIEs (i.e.,C. dubia P. promelasand, less commonly,
provides a case example in which toxicity due toD. magnaor D. puley can be applied in chronic TIEs.
metals was removed by the C18 SPE procedure.  Species that have been used in chronic marine TIEs
include those noted above in the section titled
When the primary toxicant is present in high“Toxicity Tests.”
concentrations, it may mask other potential toxicants,
making it difficult to detect changes in toxicity Two tiers of the Phase | characterization are
following the TIE treatments. Modified proceduresrecommended for the chronic TIE. Tier 1 is performed
can be designed to control or account for the toxicity ofvithout major pH adjustments. Consistent,
the primary toxicant. Ammonia is a common exampléepresentative blank tests with reconstituted water are
of a toxicant that may need to be controlled in the TIEhot readily obtained at higher pHs; therefore, the pH
(e.g., pH control) in order to evaluate secondarudjustment procedures used in the acute TIE are
toxicants (see Appendix G). separated into Tier 2. Tier 2 is performed only when
Tier 1 does not provide sufficient information about
Pretreatment program data and chemical-specifithe types of compounds causing toxicity, and includes
effluent data may provide useful information to assistdjusting the effluent sample to pH 3 and 10 as part of
inthe Phase | characterization. By reviewing availablghe filtration and aeration steps and pH 9 for C18 SPE
information, compounds that are known to betreatment.
problematic can be compared to the Phase | results to
assist in indicating the effluent toxicants. This dataTier | of the chronic Phase | characterization consists
comparison should not, however, replace the Phasedf the following:
and Il analyses.
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» Baseline toxicity exceeds 1,000 and 3,000 phmos/cm at the lowest

« Aeration observed effect concentration (LOEC)@rdubiaand

* Filtration P. promelas respectively (USEPA, 1992a). The

e C18 SPE treatment (including tests on post C18onductivity of 100% effluent is not the relevant
SPE treatment and methanol eluate) reading, but rather the noductivity at the

» Sodium thiosulfate additions concentrations bracketing the effluent LC50 and

« EDTA additions NOEC.

e Graduated pH adjustments.
C. dubia’shigher sensitivity to TDS as compared to
The Tier 2 tests are to be conducted when Tier 1 doés promelasan provide additional evidence for TDS
not provide sufficient information and consists oftoxicity. Also, the cladocerab,. magnagxhibits less
filtration, aeration, and the C18 treatment technique ofensitivity to TDS than the cladocerafis,dubiaand
Tier 1 with an effluent sample adjusted to both pH 2. pulex(API, 1998). These species generally show
and 10. Tier 2 of the chronic Phase | characterizatiosimilar sensitivities to most toxicants (Mount and

consists of the following: Gulley, 1992); therefore, the difference in sensitivity to
TDS can be useful in characterizing TDS toxicity. It

* pH adjustment is the toxicity of the individual ions that actually
» Aeration and pH adjustment constitutes TDS toxicity; therefore, it is important to
* Filtration and pH adjustment review the literature for toxicity data on specific ions.

» C18 SPE treatment and pH adjustment (includingA thorough review of the toxicity of common ions to
tests on post C18 SPE treatment and methan@leshwater and marine organisms was recently
eluate). published by the American Petroleum Institute (API,

1998).
Additional Characterization Procedures for
Evaluating the Effect of lon Composition An approach for evaluating TDS toxicity may consist

Although toxicity caused by ion comptisn is more  ©f the following steps:
commonly found in industrial effluents, ion-based
toxicity has been reported at POTWSs (Rodgers 1989&,'
1989b; Douglas and Horne, 1997; Dawson et al.,
1997). lon composition can cause toxicity in two
ways: relatively high levels of TDS can inhibit
osmotic regulation in freshwater species, and an
imbalance in ion composition, particularly calcium
carbonate levels, can adversely affect marin§
crustaceans (Ward 989; MacGregor et al1996;
Mickley et al., 1996). The later mechanism primarily
affects crustaceans such as the mysid shivinpahig
which require minimum concentrations of calcium
carbonate for survival, growth, and reproduction.

Monitor the effluent for TDS and if the
conductivity exceeds the levels given above,
measure the major cations (calcium, magnesium,
sodium, potassium) and anions (carbonate,
bicarbonate, sulfate, chloride). A cation/anion
balance should be performed to ensure that all
major ions have been accounted for.

For freshwater effluents, conduct toxicity tests
using D. magna C. dubia,and D. pulex A
greater sensitivity byC. dubia and D. pulex
compared toD. magna, together with high
conductivity readings, provides a weight of
evidence for TDS toxicity.

) o . 3. If TDS toxicity is suspected, review the ion
Procedures for evaluating toxicity caused by ion  gnajysis data gathered above and prepare a stock
composition are available (USEPA 1991a, 1992a;  soution of the ions in proportion to the amounts

intended to provide an overview of proceduresthatcan  Collect an effluent sample and immediately

be used to evaluate ion-based toxicity. measure the constituent cations and anions.
o Prepare a mock effluent by adding the solution to
TDS Toxicity deionized water to yield the same cation/anion

As a general guide, TDS may contribute to acute concentrations observed in the effluent sample.
toxicity when conductivity exceeds 3,000 and 6,000 Measure the toxicity of the effluent sample and
phmos/cm at the LC50 fo€. dubia and fathead mock effluent. If the toxicity is similar, additional
minnows, respectively (USEPA, 1991a). For chronic ~ evidence is provided for TDS toxicity.

toxicity, TDS may be a concern when conductivity
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4,

If TDS toxicity is indicated, additional procedures |on Imbalance

can be used to determine the extent to which TDga|cium and carbonate, in proper balance, with other
contributes to effluent toxicity. A sample of the natyral ions, are essential for the formation of new
effluent can be prepared for toxicity testing by exoskeleton for mysid shrimp and other crustaceans.
setting up an appropriate dilution series and thep jow calcium carbonate levels (i.e., 15 mg/L Caf;O
adjusting the TDS levels in each dilution to thewward (1989) observed 60% mortality in mysids
same TDS level as the 100% effluent using thgyetween the 48-hour and 72-hour exposure periods,
stock solution (prepared above). Each effluen{yhich corresponds well with the mysid molting cycle.
dilution is then tested |nd|V|dua”y for tOXlClty Low Cacq concentrations also appear to enhance
Comparable results for each effluent dilutionmysig sensitivity to other toxicants. Ward (1989)
provides additional evidence for TDS toxicity.  opserved a significant increase in the toxicity of Cd to
Additional testing can be performed to identify themysids when calcium carbonate levels were reduced.
TDS constituent(s) that are causing toxicity. The

toxicity of various cations and anions is well The jnvestigator should consider the potential effect of
known and a review of the literature (e.9., ENSRon palance as part of the TIE. lon imbalance can
1998) can be helpful in indicating potential ions of contripute to apparent toxicity in some marine

concern. The ions of concern can be evaluat

ed bytystaceans when CagGConcentrations are 15 mg/L

spiking the ions into dilution water and measuringgy |ess.

the resulting toxicity.

It should be noted that

toxicity may be caused by a combination of manyinterpretation of Phase | Characterization Results
ions that exert their influence together. Therefores,o following information on the interpretation of

a single salt may not be solely responsible for the,n4ge | characterization results is paraphrased from the

observed toxicity.

TIE manuals. The Phase | characterization provides

TRE Example

Some of these procedures were used in a TIE
POTW in Georgia (Dawson et al., 1997) whd
chronic effluent toxicity toC. dubiawas observed
TIE characterization tests conducted on the effly
did not show a reduction in toxicity as a result of
Phase | manipulations. Independent analyses o

effluent indicated elevated chloride concentrationd.

mock effluent was prepared as described in ste
above, and the ion mixture was found to be as tox
C. dubiaas the POTW effluent. Laboratory toxici

data for sodium chloride (NaCl) were used to confirm

that the effluent chloride levels would imp3
reproduction irC. dubiaat the effect concentration

Additional TIE studies were performed on the Geofr
POTW effluent using calcium addition and speq
sensitivity tests. Calcium has been found to red
chloride toxicity in waters with similar io

information on the types of toxicants in the POTW

effluent. In reviewing the Phase | data, whether for

acute or chronic toxicity characterization, caution is
at aneeded to avoid making inaccurate conclusions about
'e the results. For example, as noted above, toxicity

removal by C18 SPE treatment does not necessarily
ent mean that non-polar organic toxicants are present.
he Toxicity must be recovered in the methanol eluate test
t;“eto provide evidence for non-polar organic toxicants.
E;’The following guidance is given by USEPA (1992a)

for interpreting Phase | data on various types of
ry toxicants. Note that the reduction or elimination of
toxicity is determined by comparing toxicity before
treatment, as measured by the baseline test, with
toxicity after treatment.

ir

pia
es Non-Polar Organic Toxicants
uce Non-polar organic toxicants may be indicated if:

composition as the effluent and addition of caIciurIto « Toxicity in the post C18 SPE column tesias

effluent samples reduced toxicity. Toxicity tests us
D. magnawhich has been shown to be less sensi
to chloride tharC. dubig also provided evidence fg
chloride toxicity. Overall, the TIE results identifig

ng
tive

absent or reduced.

Toxicity is recovered in thmethanol eluate test

r However, in those instances where methanol does
d not recover toxicity from the C18 SPE column,

chloride as a major contributor to effluent toxicity.

other solvents may be needed to elute the toxicants

(USEPA, 1993a).
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» Toxicity is reduced by adding PBO to effluent observed in théiltration testand toxicity may or

samples or methanol from thmethanol eluate may not be recovered in tineethanol eluate test
test PBO blocks the toxicity of metabolically or by extraction from the glass fiber filter used in
activated toxicants like organophosphate thefiltration test
insecticides (USEPA, 1992a). » Toxicity degrades over time as the effluent sample
is held in cold storage {€). Degradation is
Cationic Metals slower when the effluent sample is stored in glass
Cationic metals may be indicated if: containers instead of plastic containers.

 Toxicity is removed or reduced in tHeEDTA Ammonia

addition test Ammonia may be indicated if:
» Toxicity is removed or reduced the post C18
SPE column test. « Toxicity increases in thgraduated pH tesht
» Toxicity is removed or reduced in tiération higher pH.
test especially whepH adjustmentare coupled « The effluent is more toxic tB. promelaghan to
with filtration. C. dubia
» Toxicity is removed or reduced ithe sodium * Note: If the concentration of total ammonia (as
thiosulfate addition test. nitrogen) is 5 mg/L or more and chronic toxicity is
« Erratic dose response curves are observed. a concern, the potential for ammonia toxicity

should be evaluated.

None of these characteristics is definitive, with the

possible exception of EDTA. In addition, toxicity may Drawing conclusions about ammonia toxicity based
be pH sensitive in the range at which the graduated pbblely on observed concentrations can be misleading,
test is performed, but may become more or less toxic aspecially where chronic toxicity is a concern because
lower or higher pH depending on the particular metabf the uncertainty about the chronic effects of
involved. This characteristic has not beenammonia. Ammonia is an example of a toxicant that
demonstrated for chronic toxicity to the extent it hasacts independently of other toxicants in effluents.
for the acute toxicity of several metals (USEPA,Eventhough ammoniaconcentrations may appear to be

1991a). sufficient to cause all of the effluent toxicity, other
toxicants may be present and may contribute to toxicity
Surfactants when ammonia is removed.

Surfactants may be indicated if:
Oxidants
» Toxicity is reduced or removed in ttidtration  Oxidants may be indicated if:
test.
» Toxicity is reduced or removed by tleration » Toxicity is removed or reduced in tredium
test In some cases, toxicity may be recovered thiosulfate addition test.
from the walls of the aeration vessel using a ¢ Toxicity is removed or reduced in tla@ration

dilution water or methanol rinse. test.

» Toxicity is reduced or removed in tipost C18 * The sample is less toxic over time when held at
SPE column testThe toxicity may or may not be 4°C (and the type of container does not affect
recovered in thenethanol eluate testf a series of toxicity).

methanol concentrations (e.g., 25, 50, 75, 80, 85,¢ C. dubiaare more sensitive to the effluent than

90, 95, and 100% in water) is used to elute the promelas

column, toxicity may be observed in multiple

fractions. The presence of TRC in the effluent is not enough to
» Toxicity is reduced or removed in the post C18conclude that toxicity is due to an oxidant. However,

SPE column test using unfiltered effluent. TRC concentrations of 0.05-0.1 mg/L or more in

Toxicity reduction/removal is similar to that 100% effluent provides strong evidence for oxidant
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toxicity.  Further evidence would be provided, if Acute and Chronic Toxicity Identification
dechlorination with sulfur dioxide (Sor another (Phase Il)

dechlorinating agent removes or reduces toxicitythe Phase Il guidance manual (USEPA, 1993a)

(USEPA, 1992a). describes procedures that can be used to identify
specific toxicants such asnon-polar organic

DS compounds, ammonia, cationic metals, chlorine, or

TDS may be indicated if: toxicants removed by filtration. The Phase |l

procedures are applicable to both acute and chronic

» pH adjustments do not remove or reduce toxicitytoxicant identification. Phase Il uses treatment and
and a precipitate is not visible in theH toxicity testing techniques similar to Phase | and
adjustment tespH adjustment and filtration test incorporates chemical-specific analyses to identify the
or pH adjustment and aeration test. toxicants. Examples of TIE Phase Il studies are

» There is no loss of toxicity in theost C18 SPE provided in Appendices A, B, E, F, and G. Appendices
column testsor a partial loss of toxicity, but no A, F, and G describe the use of Phase Il techniques for
change inconductivity measurements. non-polar organic compounds, including high-

» There is no change in toxicity with tHeEDTA  performance liquid chromatography (HPLC) for the
addition testsodium thiosulfate addition tesir  isolating toxicants. Appendices B and E describe the
thegraduated pH test. application of Phase Il procedures for identifying toxic

» There is a greater sensitivity I/ dubiaandD. metals. Appendix G describes how Phase Il
pulexcompared t®. magnatogether with high procedures were used to identify ammonia toxicity.
conductivity readings.

* A mock effluent prepared with the same ions asAcute and Chronic Toxicity Confirmation
the effluent exhibits similar toxicity as the effluent. (Phase IIl)

* Toxicity is removed or reduced by ion exchangerhe toxicants identified in Phase Il may be confirmed

resin. . by a series of Phase lll steps, including correlating
* Toxicity is not removed or reduced by passing thqoxicity and toxicant concentration from multiple
effluent over activated carbon. samples, observing test organism symptoms, evaluating

_ . species sensitivity, spiking effluent samples with
Appendices A, B, E, F, and G provide example Phasedyspected toxicants, and performing a mass balance to

data and describe how results are used to seleggcount for all of the effluent toxicity. In many cases,
additional TIE procedures for testing. The Phase lit will be appropriate for the Phase I, Il, and II

and Phase Il predures (USEPA993a and 1993b) evaluations to overlap because confirmation

are applicable to both acutely and chronically toxiGnformation can be obtained during Phases | and II.

samples. Examples of TIE confirmation testing are provided in
Appendices A, B, E, F, and G.
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Section 5
Toxicity Source Evaluation

Introduction specific analyses or toxicity tests for source tracking

Once the effluent toxicants have been identified, il depend on the TIE data on the POTW effluent
follow-up evaluation can be conducted to locate thdoxicants. A chemical-specific investigation is
sources of the toxicants. This evaluation may involvéecommended in cases where the effluent toxicants
a review of existing pretreatment program data or datgave been confirmed and can be traced to the
from the collection and analysis of additional samplegesponsible sewer dischargers. If the sources of
from industrial users. In some cases, the TIE may nd@Xicants are located, the TRE can then proceed to the
identify the specific compounds causing effluentévaluation of local pretreatment limits as described in
toxicity and, in the absence of data on toxicants, th&€ction 6. Toxicity tracking, using the refractory
sources of toxicity must be tracked. Examples ofoXicity assessment (RTA) approach described herein,
compounds that are not easily identified in the TIES required in situations where the TIE does not provide
compounds (other than organophosphate insecticidedpXicity analysis, sewer samples are subjected to the
Although the class of compounds may be indicated i§@me type of treatment as is provided by the POTW for
the TIE, it may not be possible to locate the sourcels influent wastewaters. This treatment step allows a
without information on the specific toxic compounds.measurement of “refractory” wastewater toxicity,

In these cases, a guidance is available to track thhich is the toxicity that passes through the POTW
sources of toxicity. and causes effluent toxicity. If toxicity tracking is

succesful in locating the sources of toxicity,

A toxicity source evaluation is conducted to locate théPretreatment requirements can be set to reduce the
sources of influent toxicity or toxicants that arerefractory toxicity contributed to the POTW.
contributing to the POTW effluent toxicity. This

evaluation is performed in two tiers whether chemicalln Some cases, industrial users may modify or cease the

specific or toxicity tracking is to be performed: discharge of toxicity before specific sources are
identified. The abatement of effluent toxicity during

« Tier I—generally involves sampling and analysisthe course of TREs is not uncommon; however, efforts
of wastewater samples collected from the mair® ensure ongoing compliance can be difficult when the
POTW sewer lines. original sources of toxicity are not located. These

« Tier ll—is performed using samples collectedSituations dramatize the importance of collecting
from tributary sewer lines or point sources on thdnhformation on industrial pretreatment activities and
main sewer lines found to be toxic in Tier I. POTW operations in the early stages of the TRE. As

part of the toxicity source evaluation, POTW staff can
This tiered tracking approach can be used to identiffequest industrial users to submit weekly or daily
the sources of toxicity and/or toxicants through €POrts of production and waste discharge activities

process of eliminating segments of the collectiorfhat can be used to indicate potential sources of
system that prove to be non-toxic. toxicity. This information also is helpful in subsequent

pretreatment control studies, if an industrial user is

The flow diagram for the toxicity source evaluation isidentified as a source of toxicity (Botts et al., 1994).
presented in Figure 5-1. The choice of chemical-
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Toxicity Source Evaluation
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Figure 5-1. Flow diagram for a toxicity source evaluation.
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Sampling Approach evaluated in Tier Il by sampling indirect dischargers or

The “Tier I" and “Tier II” designations refer to the tributary sewers on the toxic sewer lines.
sampling approach to be taken in tracking the sources

of toxicity and/or toxicants. Information on classes of toxicants such as surfactants
can be obtained by coupling the RTA protocol with
Tier | — Toxicity Source Evaluation selected TIE procedures. For example, in the TRE at

e LRSA, New Jersey, sources of non-polar organic
xicants were identified by passing RTA test samples

and selecting appropriate sampling points on the maifjirough €18 SPE columns (see Appendix G). Sources

sewer lines. In some cases, industrial users or tributaR} t%X'C'BI' V\I/ere mt;llcateﬂ if tOIX'C'ty was observed in
sewer lines may be selected when substantial evidenf2thanol eluates from the columns

is available on potential sources of toxicity or ) .
toxicants. Sampling Conditions

Whether sampling of sewer lines or indirect
If the toxicants have been identified and chemicaldischargers is conducted, 24-hour flow proportional
specific tracking is to be performed in Tier I, samplingcomposite samples are recommended to characterize
locations can include industrial users who havedaily variations in toxicant concentrations or toxicity.
manufacturing processes or use raw materials that alie some cases, samples may be collected over less than
known or suspected of containing the toxicants (e.g24 hours to observe the contribution of potential
metals from metal finishers). If the toxicant is intermittent sources of toxicants or toxicity.
contributed by a large number of dischargers, sewer
line sampling is recommended in Tier I. For exampleFlow data must be gathered in order to determine the
sewer line sampling was conducted to determine theelative contributions of toxicants or toxicity from the
sources of organophosphate insecticides in the City gfewer lines or indirect dischargers. Flow data can be
Fayetteville, North Carolina, sewer system and severalsed to calculate the toxicant loadings, which will be
sewer systems in the San Francisco Bay Area if€eeded to develop local pretreatment limitations
California (see Appendix F). These studies indicatedSection 6). Flow data also will be needed to conduct
that two insecticides, diazinon and chlorpyrifos, aréRTA testing, as described later in this section.
widely distributed in POTW collection systems.

Sampling locations for Tier | testing are established b
reviewing the pretreatment program data (Section

The sampling period for both sewer lines and indirect

If toxicity tracking is to be performed in Tier |, each dischargers should account for:
major sewer line should be sampled to ensure that all
possible sources in the collection system are* Discharge schedules for indirect dischargers
considered. Indirect discharger sampling is not (i.e., intermittent versus continuous).
recommended in Tier | because of the large number of* Temporary shut-down schedules for industry
sources that may need to be evaluated. Sewer line Mmaintenance.
testing may ultimately reduce the number of sampling ¢« Coordination with routine pretreatment program
points by eliminating segments of the collection system  monitoring, if possible.
where toxicity is not observed (USEPA, 1983a).

For example, in the LRSA TRE (Appendix G), sources
In the RTA study conducted at Fayetteville, Northof refractory toxicity were identified by sampling
Carolina (Fillmore et al., 1990), sewer wastewateguring periods of normal industry activity and during
samples were initially collected from manholesa period of temporary industry shut-down.
throughout the collection system because of the large
number of potential sources of toxicity. Sources ofother considerations for sampling are described in
toxicity were subsequently identified by testing theSection 11. QA/QC sampling requirements are
indirect dischargers located on the toxic sewer lines.discussed in Section 8.

Tier Il — Toxicity Source Evaluation Chemical-Specific Investigation

Results of Tier | are used to establish the sampling chemical-specific approach can be used to trace the
locations for Tier Il. The toxic sewer lines identified influent sources of toxicants if definitive TIE data on
by toxicity or toxicant tracking in Tier | can be further the causes of POTW effluent toxicity are available.
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This approach is not recommended in cases in which literature search also can be made to determine if the
the TIE data only indicate a broad class of compound®xicant could be a biodegradation product resulting
(e.g., polar organic compounds), because the toxicantom POTW treatment. Where clear evidence is
may be contributed by a variety of sources that will bevailable to show that the toxicant is a treatment by-
difficult to pinpoint by chemical tracking. product, the sewer sample should be aredyfor the
Chemical-specific tracking should be conducted afteprecursor form(s) of the toxicant as well as the toxicant
the effluent toxicants have been identified anditself.
confirmed in TIE Phase Il and Il tests (USEP293a
and 1993b). In cases where chemical tracking is successful in
locating the sources of the POTW effluent toxicants,
The chemical-specific approach involves testinghe TRE can proceed to the selection and development
indirect dischargers or sewer line samples for toxicantsf toxicity control options such as local pretreatment
using chemical analysis techniques. In some casesgulations (Section 6). Information on toxicant
existing pretreatment program data may be adequate diistribution can be used in developing pretreatment
identify the indirect dischargers that are contributingcontrol options. For example, although a primary
the toxicants. It is likely, however, that further contributor of ammonia was identified in the LRSA
sampling and analysis will be necessary, becausERE (Appendix G), system-wide pretreatment
pretreatment program data generally do not includémitations were adopted to address all non-domestic
information on toxicants typically identified in TIE sources of ammonia. In other situations, control
tests (e.g., compounds other than regulated pollutantshethods other than pretreatment limitations, such as
Existing pretreatment program data may be used tpublic education, may be needed to control the
reduce the amount of sampling and analysis bgischarge of a widely used toxicant. Public education
indicating which sources contribute toxic pollutantshas been successfully used at a number of POTWSs
that are similar to the effluent toxicants. (Appendix H) to control the use of organophosphate
insecticides, which can be contributed from many
Chemical analysis methods for potential toxicants sucdomestic and commercial areas of the collection
as ammonia, metals, and organic compounds ay/stem.
described in several USEPA documents (USEPA
1979b, 1983b, 1985b) argtandard Methods for the If the responsible indirect dischargers are not located,
Examination of Water and Wastewaf@PHA, 1995).  the TIE results should be reviewed to confirm previous
USEPA (1997) provides all of USEPA’s methods forconclusions. The chemical analysis results also should
analysis of water on a CD-ROM. USEPA's Phase lbe carefully reviewed to determine if errors or
TIE manual (1993a) also provides guidance for thevastewater matrix effects may have caused inaccurate
analysis of organophosphate insecticides, surfactantgsults. In cases where the chemical-specific approach
and metals. Analytical methods for organophosphates ultimately not successful, the source evaluation
insecticides have been improved to achieve the loweesting should be repeated using toxicity tests in lieu of
detection limits necessary to assess insecticide toxicighemical analyses, as described below.
(USEPA, 1993a; Durhan et al., 1990). Enzyme-linked
immunosorbent assay (ELISA) procedures also arRefractory Toxicity Assessment
available for selected organophosphate insecticidesxicity tracking may be required when the TIE
metals, and other compounds. ELISA methods offegharacterizes the toxicity as broad classes of toxicants
the advantage of low cost, rapid sample processingy jdentified toxicants cannot be confirmed. Toxicity
and field portability; however, these methods may nofracking also may be useful in situations in which there
be specifically approved by USEPA. Additional are multiple effluent toxicants and the occurrence of
analytical techniques can be found in Americanhese toxicants in the POTW effluent is highly

Society for Testing and Materials (ASTM) manualSyariable. In such cases, toxicity testing may be more
and peer-reviewed journals such as #Amalytical gst-effective than chemical tracking.

Chemistry Journal A qualified chemist should verify

the selected analytical method in the laboratory prior the toxicity found in influent wastewaters is not
sampling and analysis. necessarily the same toxicity that is observed in the
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POTW effluent because the POTW is capable ofime. Batch biological reactors have been used by
removing some toxic wastewater constituents. Theeveral researchers to screen wastewaters for activated
amount of sewer wastewater toxicity that couldsludge inhibition (Grady, 1985; Adams et al., 1981;
potentially pass through the POTW must be estimateBhilbrook and Grady, 1985; and Kang et al., 1983) and
by treating sewer samples in a simulation of the POTWon-biodegradable aquatic toxicity (Hagelstein and
prior to toxicity analysis. This treatment step account®auge, 1984; Lankford etal., 1987; and Sullivan et al.,
for the toxicity removal provided by the POTW. 1987). Hagelstein and Dauge (1984) and Lankford et
al. (1987) have found that toxicity measurements
A protocol has been developed for predicting thecoupled with bioreactor tests can be a pragmatic way
potential for a sewer discharge to contribute to acute do evaluate refractory wastewater toxicity.
chronic toxicity in POTW effluents. This protocol,
referred to as the RTA procedure, has beeThe RTA protocol was developed in the USEPA TRE
successfully used to track sources of acute and chroniesearch study at the City of Baltimore's Patapsco
toxicity using both freshwater and estuarine/marinfPOTW (Botts et al., 1987) to evaluate the potential for
species (Morris et al., 1990; Botts et al., 1992, 1993ndirect dischargers to contribute refractory toxicity.
1994). Examples of RTA studies are presented i\dditional USEPA TRE research studies in Linden,
Appendices C, D, and G. New Jersey; High Point, North Carolina; Fayetteville,
North Carolina; and Bergen County, New Jersey were
The RTA protocol has been designed to simulateonducted to improve the RTA approach (Morris et al.,
conventional activated sludge processes, although #990; DiGiano, 1988; Fillmore et al., 1990; Collins et
has also been adapted to other POTW treatmema., 1991). The RTA procedure described herein is a
processes including single and two-stage nitrificatiomefined version of the method given in the municipal
systems (Collins, et al. 1991), BNR processedRE protocol (USEPA, 1989a).
(Appendix D), and iftration treatment systems
(Appendices C and D). The RTA procedure described@he batch reactor used in RTA testing is designed to
herein involves treating sewer samples in asimulate, as close as possible, the operating
bench-scale, batch simulation of a conventionatharacteristics ofthe POTW's activated sludge process
activated sludge process and measuring the resultir{g.g., MLSS concentration, DO level, and F/M ratio).
toxicity.  Batch simulations are appropriate for Two types of batch reactors are used, as shown in
plug-flow biological systems because batch processddgure 5-2. One reactor serves as the control and
behave over time as plug-flow processes do with flowconsists of the POTW influent and return activated

Wastewater and
Return Activated
Sludge Air Supply
(Oil-Free)
Plastic or Glass Air Line
Container \ Tubing
Air Stone
Control Reactor Spiked Reactor
POTW Influent Sewer/Industrial
(Control) Wastewater Spiked
into POTW Influent

Figure 5-2. Schematic of a refractory toxicity assessment test.
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sludge (RAS). The other reactor consists of sewePOTW Wastewater Profile
wastewater spiked into the mixture of POTW influentThe first step in the RTA is to characterize the POTW
and RAS. If the effluent toxicity of the reactor spikedinfluent (primary effluent), sewer wastewaters, and
with sewer wastewater is increased relative to th&AS to be used in RTA testing. The POTW influent
unspiked reactor, the sewer wastewater would bgastewater should be collected from the effluent of the
considered a source of refractory toxicity. In thepoTyw primary treatment process because primary
spiked reactor, sewer wastewater is tested togethgffyent is treated by the activated sludge process,
with the POTW influent in order to observe possibleyhich is the main process to be simulated in the RTA.
interactive effects (e.g., additivity, antagonism) thatRaS is recommended for use in batch testing because
can occur when the wastewater and the total POTW s in a concentrated form that can be easily diluted to
influent are combined and treated in the POTW.  {he targeMLSS concentration. Mixed liquor from the
POTW'’s aeration basins can be used in lieu of RAS;
A general description of the RTA procedure ispgwever, the activated sludge will need to be thickened

presented below. A step-by-step protocol for RTA the same suspended solids concentration as the RAS
testing is provided in Appendix J. The basic steps ipefore use.

the RTA approach are:

) Table 5-1 presents the analyses and information that
+ Conduct conventional pollutant analyses togre needed to characterize the wastewaters to be used
develop a profile for each wastewater to be testegh RTA testing. This information will be useful for

in the RTA. determining the following operating conditions for the
* Perform toxicity tests on the POTW's RAS RTA patch reactors, including:

(filtrate) to determine its potential to cause an

interference in RTA testing. « Determining the volume of sewer wastewater to
* Collect, characterize, and prepare wastewater gse in testing based on sewer line and indirect
samples for RTA tests. discharger flow-rate data.

* Calibrate the RTA batch reactors to achieve a . petermining whether nutrient addition is necessary
treatment level comparable to that of the POTW'S  sing information on the ratio of organic content

activated sludge process. _ (BOD; or COD) to nutrient concentrations (TKN
+ Calculate wastewater volumes to be used in RTA  gpq TP).

tests. « Selecting a test period for the RTA reactors that is
* Set-up and operate the RTA batch reactors. based on the organic content of the sewer
* Analyze batch effluent toxicity. wastewater. Some sewer wastewaters may have
« Evaluate the potential for the sewer wastewaters to substantially higher COD concentrations, which

inhibit activated sludge treatment (optional). will increase the initial COD level in the RTA

+ Conduct TIE Phase | tests to indicate the types of  reactor. A longer treatment time may be needed to
refractory toxicants in the sewer wastewater ensyre that the wastewater is treated to the same
(optional). level as the POTW influent.

* Interpret the results.

L _ Biomass Toxicity Measurement
It is important to emphasize that the RTA protocolgymetimes the RAS used in testing can cause an

should be modified to address site-specific condition§e ference in the measurement of refractory toxicity.
For example, Appendix C describes an RTA study thaf, yhe patapsco TRE, filtered samples of RAS were
simulated a filtration treatment process in addition to g,,,,4 to pe acutely toxic t€. dubia (Botts et al.
nitrification  treatment process.  The following 19g7y Thjs toxicity was related to residual biosolids
summary of the RTA protocol is intended 10 be a4t nassed through the filter [10-micron (um) pore
general guide to evaluating sources of toXicity Using;;,o1 - The toxic biosolids caused the batch reactor
simulations of suspended biological growth processegyents in RTA tests to be acutely toxic and masked
Best professional judgmentis importantin adapting thg, refractory toxicity of the wastewaters being tested.
procedures to treatment processes and conditions thafg hiomass interference reduced the effectiveness of

are unique to each facility. the RTA test for determining the sources of refractory
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Table 5-1. POTW Wastewater Profile Analyses for a Refractory Toxicity Assessment

Waste Stream Information Required

RAS TSS

VSS

NH,-N
pH

Primary effluent BOR
COD
TSS
TP
TKN
NH;-N
pH

Sewer line or indirect discharger wastewater Location in collection system
Number/type of indirect dischargers
Flow, million gallons per day (mgd)
BOD,

COD

TSS

TKN

NH,-N

TP

pH

Other indirect discharger data Type of discharger
Wastewater pretreatment system
Operations/production schedule

toxicity at the Patapsco WWTP. Additional teststoxicity measurement of two aliquots of RAS: coarse
demonstrated that RAS toxicity could be removed byRAS filtrate and coarse RAS filtrate subjected to
filtration of the coarse filtrate through a 0.2 um pore-centrifugation to remove colloidal particles. The RAS
size filter or by centrifugation of the coarse filtrate atshould first be filtered through a coarse glass fiber
10,000 times gravity (xg) for 20 minutes (Botts et al. filter (e.g., 10 um pore size), which is the same type of
1987). filter used for suspended solids analysis (APHA,
1995). Following coarse filtration, an aliquot of the
Additional information obtained in the Linden Roselle, RAS filtrate should be further treated by centrifugation
New Jersey; Fayetteville, North Carolina; and Bergerat 10,000 xg for 10 to 15 minutes. Alternatively, the
County, New Jersey USEPA TRE research studiesoarse filtrate could beiltered through a 0.2 um
indicated that the POTW RAS filtrate was not acutelymembrane filter. However, tests should be conducted
toxic, and therefore did not cause an interference ito confirm that soluble toxicity is not removed by
RTA testing (Morris et al., 1990; Fillmore et al., 1990; sorption onto the filter.
Collins et al., 1991). The existing data on the toxicity
of sewage sludges are not sufficient, however, tdBoth the RAS filtrate and centrate should be tested for
evaluate the occurrence of biomass toxicity at POTWsacute or chronic toxicity using limited-scale tests
The following discussion provides information on how(USEPA 1993c, 1994a, 1994b). If results show that
to proceed, if POTW biomass toxicity is observed.centrifugation does not reduce biomass toxicity relative
Prior to conducting the RTA, toxicity tests of the to the coarse filtrate, then the RAS is not likely to
POTW activated sludge should be performed tacause an interference in RTA testing. In this case, the
determine if the biomass is toxic. This testing involve?OTW biomass can be used directly in RTA testing
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and centrifugation of the RTA batch effluents will not process planned for the POTW. A TRE conducted by
be required. Samples of RAS should be periodicallyhe City of Durham, North Carolina, used this
analyzed for toxicity during RTA testing to monitor for approach to evaluate the toxicity reduction capability
possible biomass toxicity. of planned nutrient removal treatment systems
(Appendix D).
If the biomass coarse filtrate is observed to be more
toxic than the RAS centrate, the biomass toxicity mayR TA Reactor Calibration Testing
interfere with RTA testing. Two options are avai|ab|eGenera||y, ideal plug-flow conditions do not occur in
in this case: removal of the toxic biosolids by fineactivated sludge processes; therefore, it will be
particle filtration (or centrifugation) of batch test necessaryto adjustthe RTA batch treatment conditions
effluents, and use of an alternate biomass. to account for the actual level of treatment achieved in
the POTW. One method of controlling the treatment
Biomass toxicity may be removed by applying the fineefficiency of activated sludge processes is to adjust the
particle filtration or centrifugation treatment steps tobiomass concentration, measured as MLVSS
the batch test effluents. In this case, the resulting RTBoncentratn.  Batch calibration tests can be
effluent toxicity will only indicatesolublerefractory performed using a series of MLVSS concentrations
toxicity, not thetotal refractory toxicity (i.e., soluble and the MLVSS concentration that most closely
and particulate). simulates the POTW treatment efficiency can be

selected for RTA testing.
Another approach to remove biomass toxicity is to use

anon-toxic biomass such as another POTW biomass Prior to calibration testing, a target MLVSS
acommercially available (freeze-dried) preparation. Aconcentration can be estimated using mathematic
surrogate biomass will not be acclimated to the influeninodels. In the Fayettevile TRE, a steady state,
wastewaters of the POTW being evaluated; thereforgompletely mixed, multi-stage model (Grady and Lim,
it may not treat the wastewaters as well as the POTW’E980) was used to determine biokinetic coefficients
biomass. Nonetheless, an alternate biomass caRat best modeled the POTW treatment performance
provide a level of treatment that will approximate the(Fillmore et al., 1990). The biokinetic coefficients
refractory toxicity of the sewer wastewater. It may beyere then used in a steady state plug-flow model
helpful to conduct a parallel series of RTA tests usingKornegay, 1970) to calculate a batch MLVSS
the toxic POTW biomass. The use of toxic POTWconcentration that would theoretically simulate the
biomass is suggested because it is acclimated to tiFEOTW treatment efficiency. The model results were
POTW influent wastewaters and will therefore provideconfirmed in bench-scale, batch reactor tests using a
a level of batch treatment that is more similar to theange of MLVSS concentrations, including the
POTW treatment than that provided by thetheoretical MLVSS concentration and several MLVSS
unacclimated alternate biomass. In this case, fingoncentrations that bracketed the theoretical value. In
particle filtration or centrifugation is required to this case, the MLVSS concentration determined from
remove the interfering biomass particles prior tothe calibration tests matched the theoretical MLVSS
toxicity analysis. By performing RTA tests with value (Fillmore et al., 1990).
POTW biomass in parallel with RTA tests with
alternate biomass, both the soluble and total refractoryOTW primary effluent is typically used in RTA
toxicity of the wastewater may be estimated. calibration testing. The treatment efficiency of the
batch reactors can be evaluated by periodically
An alternate biomass may be useful in cases where itgllecting and analyzing samples for COD and
necessary to simulate future modifications or additiongoxicity. TKN, NH,-N, and TP may also be monitored
to the POTW activated sludge treatment process (e.9f, the batch reactors are simulating BNR treatment
conversion from conventional activated sludge tosystems. Results of the batch reactor tests are then
nitrification).  In these cases, a biomass that igompared to COD, nutrient, and toxicity data for the
indicative of the future activated sludge, may not b2OTW final effluent to indicate which batch reactor
directly available at the POTW. An alternate biomassichieved treatment comparable to the POTW. If there
can be obtained from another POTW that has are large differences between batch effluent results and
biological treatment process similar to the treatmenPOTW effluent results, it may be necessary to evaluate
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different MLVSS concentrations in additional The results for the RTA control test together with the
calibration tests. Inthe Durham TRE, calibration testéndustrial wastewater spiked test are shown in
were used to define batch operating conditions for &able 5-3.
five-stage BNR process (Appendix D).

In this example, if the control reactor LC50 had been
The RTA calibration study can also be used tdb0% with confidence limits of 42 to 62%, the industrial
establish an appropriate test dilution series for thavastewater would have been indicated as a possible
toxicity tests of batch effluents. Where possible, thesource of toxicity based on the results of series #2,
dilution series for toxicity tests should bracket thebecause the 95% confidence limits do not overlap (i.e.,
acute or chronic toxicity value (i.e., LC50 or ICp) as31 to 39% versus 42 to 62%). However, if dilution
closely as possible in order to reduce the span of theeries #1 had been used, the industrial wastewater may
95% confidence limits. Increased confidence in thaot have been judged to be a toxic source because the
data is important because sources of refractory toxicitgonfidence limits overlap (25 to 50% versus 42 to
are indicated based on a comparison between efflue62%). The partial mortality in the 35% concentration
toxicity results for the sewer wastewater-spiked reactan series #2 (Table 5-3) helps to more precisely define
and the POTW influent (control) reactor (Figure 5-2).the LC50. The narrow confidence limits in series #2
The following example illustrates this point. support theconclusion that the refractory toxicity of

the wastewater is significantly greater than the POTW
A wastewater from an industrial user is spiked intanfluent control (i.e., confidence limits do not overlap).
POTW influent sample and tested using the RTA
procedure. The acute toxicity of the RTA effluent isin the Reidsville and LRSA TREs (Appendices C and
measured using two different dilution series: one tesB), the results of preliminary toxicity analyses were
series encompasses a wide range of samplgsed to adjust the dilution series to closely bracket the
concentrations and the other series more closelgxpected IC25 and LC50 value of the batch effluent
brackets the expected LC50. The dilution series ansamples. This approach allowed the identification of
resulting survival and LC50 values are shown insources of refractory toxicity that would not have been
Table 5-2. indicated using a standard toxicity test dilution series.

Using dilution series #1, the LC50 for the industrialSample Collection

wastewater test would be 35% sample with confidencgvastewater and activated sludge samples should be
limits (95%) of 25% to 50% (based on binomial collected according to the procedures described in
model). Using series #2, the LC50 would also be 35%ection 11. Sample volumes will be based on the
sample, but the confidence limits (95%) would besubsample volumes needed for periodic reactor
much tighter at 31 to 39% (based on probit method). measurements and batch effluent toxicity testing.

Table 5-2. Example of Bracketing the LC50 Concentration in the RTA Sewer Wastewater Test

Test Percent Survival in Sample Concentration
100 50 25 125 6.25 0
Series #1
0 0 100 100 100 100
100 50 35 25 125 0
Series #2
0 0 50 100 100 100

Source: Fillmore et al., 1990.

Table 5-3. Comparison of Control Test and Industrial Wastewater Spiked Test Results

Control Test Industry Spiked Test Potential Source
Test LC50 (CI)* LC50 (CI) of Toxicity?
Series #1 50% (42—-62) 35% (25-50) No
Series #2 50% (42—62) 35% (31-39) Yes

* Confidence intervals (95%) shown in parentheses.
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The volumes of wastewater and RAS to be used iffthe selection of a flow concentration factor (Fw) will
RTA testing will depend, in part, on whether acute odepend on the percent flow of the sewer wastewater in
chronic toxicity will be measured. Generally, a batchthe POTW influent. A conservative, yet realistic,
reactor volume of 3 liters (L) is sufficient when approach would be to use a Fw that is based on the
standard freshwater and marine/estuarine species (i.eaqaximum daily wastewater flow from the sewer
C. dubig Daphniasp.,P. promelas, M. bahjaare to  discharge in the past year. The Fw should not cause
be used for testing the acute toxicity of batch effluentsthe sewer wastewater to be 100% of the reactor
A batch reactor volume of 10 L is adequate to measur@astewater volume. For example, if the sewer
chronic batch effluent toxicity using the 7-daydubia  wastewater flow is greater than 20% of the POTW

test. influent flow, a Fw of less than 5 should be used. ltis
necessary to test the mixture of sewer wastewater and
Sample Characterization POTW primary effluent in order to evaluate the

Average characteristics of the sewer wastewater arifiteractive effects (e.g., additive or antagonistic) that

POTW primary effluent can be determined using thecan realistically occur when these wastewaters are

wastewater profile data (Table 5-1). These data shoulepmbined at the POTW. All sewer samples should be

include historical results of BQDCOD, TKN, TP, tested using the same Fw to allow a comparison of

TSS, NH-N, and pH analyses. Analyses should alsdatch effluent toxicity between the various sewer

be performed on the samples collected for RTA tests toyastewaters.

ensure that the wastewater characteristics are

consistent with historical data. After determining the Vw, the volume of primary
effluent (Vpe) to be added to the batch reactors can be

Preparation of RTA Test Mixtures calculated as:

Two batch influent solutions are prepared for each test

of a sewer wastewater sample: sewer sample spiked Vpe=(Vr-Vb-Vw).

into POTW primary effluent, and primary effluent ) o

alone. The sewer sample may be collected from Jhe batch reactor influents are prepared b_y mixing the

sewer line or an industrial discharge. The amount oYW and Vpe for the sewer wastewater spiked reactor

sewer sample to be used in testing should reflect tr@"d measuring Vpe for the control reactor. In some

percent volume of sewer wastewater in the POTV#ases, it may be necessary to adjust the nutrient levels

influent. In some cases, the wastewater toxicity fronf” PH of the batch influents prior to testing as

small contributors may not be readily observed whefi€scribed below.

the wastewater is mixed by percent volume with ) ]

POTW influent. In these cases, it may be necessary tghe BOD/TKN/TP ratio of the batch reactor influents

use a greater volume of sewer wastewater than fould be compared to the average BORN/TP
typically contributed to the POTW. ratio of the POTW influent, as determined from

historical or profile data. The sewer wastewater added

added to the batch reactor is calculated as follows: Nnutrients, especially if industrial wastewaters are used.
If necessary, nitrogen and/phosphorus should be

Qw added so that the BQO'KN/TP ratios of the batch
Vw(L) =—==x(Vr -Vb) xFw, reactor influent and POTW influent are similar.
Qi Unless the BOBto nutrient ratios for the batch reactor
where: Qw is the sewer wastewater flow rate (mgd)influent and POTW influent are clearly dissimilar,
Qi is the average POTW influent flow rate Nutrient addition is not recommended because of the
(mgd). potential for added nutrient salts to change the

Vr is the total reactor volume (gal or L). sample’s toxicity.

Vb is the volume of RAS biomass (gal or L). ) )
Fw is the sewer wastewater flow concentra-Using the profile data, BOfzand nutrient (TKN, TP)
tion factor (e.g., 1, 2, 10 times the sewerconcentrations (C) in the batch reactor influent

wastewater flow). (spiked) are calculated as follows:
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C(mg/L)- (Vpe xCpe) (VwxCw) This equation also is used to determine the alternate

(Vpe+Vw) ' (non-toxic) biomass volume (Vnb), if required.
where: Vpe is the volume of primary effluent in Synthetic Wastewater Testing (Optional)
reactor (L). In some cases it may be important to determine the
Cpe is the BODor nutrient concentration in - amount of refractory toxicity of the sewer wastewater
primary effluent (mg/L). excluding the effects of other influent wastewaters. A
Vw is the volume of sewer wastewater in patch influent solution containing sewer sample spiked
reactor (L). into a synthetic wastewater can be used to determine
Cw is the BOR or nutrient concentration in the individual refractory toxicity of the sewer sample.
sewer wastewater (mg/L). The synthetic wastewater will provide a standard

substrate that will allow consistent treatment of the
The typical BORQ/TKN/TP ratio for municipal sewage sewer wastewaters.
is 100:5:1 (WEF/ASCE, 1992a). This ratio will ensure
that sufficient nutrients are available for consistenta synthetic wastewater should be prepared that has a
batch treatment of the sewer wastewaters. If necessagOD concentration that is equal to the average COD
phosphorus should be added in the form of three part®ncentration of the POTW primary effluent. The
monosodium phosphate (NgD,) to four parts volume of synthetic wastewater (Vsw) to be added to
disodium phosphate (MdPO,). Nitrogen should be the batch reactor is calculated using the same equation
added as urea nitrogen, except in cases where ammoffigat is used to calculate the volume of POTW primary
is suspected as a cause of effluent toxicity, becausgfluent. A synthetic wastewater has not been
urea nitrogen can be converted to ammonia duringeveloped that is consistently non-toxic (DiGiano,
biological treatment. 1988). Prior to use in RTA testing, the synthetic

wastewater should be tested for toxicity to ensure that

Following nutrient addition, the pH of the batch it will not interfere with the measurement of refractory
influents may need to be adjusted to within the averag@xicity.

range of pH for the POTW influent. Typically, the
range of POTW influent pH values will be pH 6 to 9. performance of RTA Tests
Hydrochloric acid and sodium hydroxide can be Use®RTA testing is initiated when the batch influent
for pH adjustment. solutions are mixed with RAS and diffused air is
_ . N _ applied to the mixture. The aeration rate should be
Following nutrient addition and pH adjustment, theggjusted to maintain a DO concentration equal to the
batch influent toxicity should be measured topg |evel observed in the POTW activated sludge
determine if the added nutrients or pH adjustmenfreatment process. Mechanical mixing using a
cause a change in sample toxicity. —Substantighagnetic stirrer and teflon-coated stir bars may be
differences between the initial toxicity and the adjusteqlequired to ensure complete mixing in the reactor. The
sample toxicity may indicate the presence of specifiTa tests must be performed in appropriate laboratory
types of toxicants. Use of pH adjustment for toxicityf,me hoods to prevent exposure of laboratory staff to

I manuals (USEPA 1991a and 1992a). (Section 9).

The volume of RAS biomass (Vb) to be used in batcrhe organic loading to the batchactors can vary
testing should yield a batch MLVSS concentration tha&ubstantially depending on the type of sewer
is equal to the target MLVSS concentration determinegyastewater being tested. For example, a wastewater
in calibration testing (see above). The amount of RA§ith a high COD concentration (e.g., >5,000 mg/L) is
to be added to the total reactor volume (Vr) isjikely to increase the COD loading to the RTA reactor.

calculated as follows: The effect of this variation on batch treatment can be
minimized by adjusting the reactor treatment time to

Vb(L) - Target MLVSS(mg/L), |, w. achieve a constant “food-to-microorganism ratio” in
RAS VSS (mg/L) the batch reactor (F/Mb). F/Mb should be similar to
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the F/M of the POTW biological treatment processfiltration processes at the POTW (see Appendix C). If
This adjustment will allow the biodegradable materiatoxic biomass is used in the RTA tests, further
in the batch influent to be reduced to approximatelyparticulate removal is required to measure the soluble
equal levels in all RTA tests. The required batch testefractory toxicity in the sewer wastewater. In this

period (d) can be calculated as follows: case, the coarse filtrate can be filtered through a
0.2 um pore-size glass filter or centrifuged at 10,000
d- Batch Influent COD (mg/L) xg for 10 to 15 minutes (American Society for
MLVSS (mg/L) x F/Mb ’ Microbiology, 1981) to remove colloidal size particles

from the wastewater. Membrane filters such as
where: F/Mb is equal to the calculated F/M of thecellulose nitrate filters may not be appropriate because
primary effluent reactor (i.e., COD/MLVSS x some soluble organic constituents may absorb onto the
treatment period in days). filter. Prior to sample filtration, all filters should be
washed and filter blanks should be prepared using the
Both acute and chronic refractory toxicity can besteps described in Section 8 and Appendix J.
measured in RTA testing. In order to obtain
comparable toxicity results, RTA testing should utilizeData Evaluation
the same species that was used for TIE tests or routif@esults of RTA testing are used to locate the sources
compliance monitoring. Use of toxicity screening testshat are contributing refractory toxicity to the POTW.

such as bacterial bioluminescence tests (e.gA discussion of the evaluation of RTA results is
Microtox®) in conjunction with the preferred test provided as follows.

species may provide additional information. These

screening tests are recommended when the wast&sults of RTA Tests if POTW Biomass is Non-
streams to be tested exert a high oxygen demand (i.gaxic

high BOD concentration) which would otherwise pegyits for each sample analysis will consist of data on
require aeration during testing and a possible 10ss Qfyq types of batch tests: tests of sewer sample spiked
toxicants. ~ Standard procedures for toXiCityinio primary effluent, and a control test using primary

measurement are not practical due to the large numbgfqyent alone. The batch test of the sewer sample/
of samples that will need to be processed in the RTAyimary effluent will indicate the toxicity that would

Instead, simplified acute toxicity test procedures, lik&egjistically occur upon mixture of the sewer
those presented in the USEPA TIE Phase | manuasstewater with POTW influent. Results of this test
(USEPA 1991a, 1992a, 1996) are recommendedye compared to results of the primary effluent control

Likewise, simplified procedures for short-term et 1o determine if the addition of sewer wastewater
measurement of chronic toxicity (USEPA 1992a,gecreases the refractory toxicity (e.g., dilution or

1996) are recommgnded for chronic refractory toXicityantagonistic effect) or increases the refractory toxicity
assessments. Oris et al. (199t Mgsters et _aI. (e.g., additive effect) of the primary effluent.
(1991) describe the use of an abbreviated version of
the 7-day chroni€. dubiatest, referred to as the 4-day | the effluent toxicity of the sewer sample/primary
test. However, the 7-day test has been the method gffjyent test is greater than the effluent toxicity of the
choice for most RTA studiesebause the use of ,rimary effluent control test, the sewer wastewater
younger test animals provides more consistent resultsqce may be a contributor of refractory toxicity.
Therefore, 7-day test data are better for discermningoT\w influent and sewer wastewater toxicity is
differences between toxic and nontoxic sources.  known to vary significantly over time; therefore, each

) ~_ wastewater source should be tested several times over
The batch test mixtures are prepared for toxicityyn extended period (e.g., three times during both cold
analysis by allowing the mixed liquors to settle,ang warm weather months) to determine the overall
decanting the clarified supernatant, and filtering thebotential for the discharge to cause POTW effluent
supernatant through a coarse glass fiber filter. Thgyicity. Results of Tier | sewer line tracking can be
coarse filtration step is used to more closely simulatgseq to prepare a list of the toxic sewer lines. This list
the POTW clarification process because solids settling;, pe compared to a sewer collection system map to

in bench-scale containers is not as efficient as thg,gicate tributary sewer lines or indirect dischargers to
POTW settling process. Note that this step may not bge tested in Tier II.

required if the RTA includes a simulation of effluent
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The TRE case study summaries in Appendices C arslibstrate concentrations. Inhibition by non-
G describe how RTA results were used to indicateompetitive inhibitors such as chromate or other heavy
sources of refractory toxicity in the Reidsville andmetals is observed over a range of substrate
LRSA TREs, respectively. These studies illustrate theoncentrations. The third mechanism of biological
need to test several samples from each wastewatehibition, substrate inhibition, occurs at high substrate
source in order to account for the variability inconcentrations.
refractory toxicity over time.

Only substrate inhibition can be practically evaluated
Results of RTA Tests if POTW Biomass is in batch treatment tests. An example of the effects of
Toxic substrate inhibition on biological activity is shown in
In situations where the RAS coarse filtrate is found td-igure 5-3. This figure shows that substrate utilization
be more toxic than the RAS centrate, RTA tests maformally achieves a constant maximum rate as the
use alternate (non-toxic) biomass in addition to test&astewater concentration is increased. |If inhibitory
with the POTW biomass. The data for each sewesubstances are present in the wastewater, the substrate
sample analysis will consist of results of two batchuptake rate would decrease as the wastewater
tests using alternate biomass (i.e., one test of samplé@ncentration is increased further.
primary effluent, and one test of primary effluent) and
results of two batch tests using toxic POTW biomassSubstrate inhibition can be assessed by monitoring
The results of tests that use alternate biomass wilemoval of substrate (e.g., BQIOD, TKN, and TP)
provide an estimate of the total refractory wastewate®nd oxygen uptake rates in the RTA batch reactors. A
toxicity. The disadvantage of these tests is that thgeries of dilutions of the sewer line or indirect
alternate biomass is not acclimated to the POTWIischarger wastewater is tested with POTW biomass:
influent wastewaters; therefore, it may not provide theone with 100% indirect discharger wastewated at

same level of treatment as the POTW acclimatedeast three consisting of serial dilutions (e.g., 50%,
biomass. 25%, and 2.5%) of sewer wastewater. A range of

wastewater dilutions is necessary to compare organic,

Batch tests using toxic POTW biomass better reflechutrient, and oxygen removal rates over a range of
the treatment efficiency of the activated sludgesubstrate concentrations. Athighwastewater strengths
process; however, manipulation of the batch effluente.g., 1 mg/L soluble COD (SCOD) to 4 mg/L
(i.e., centrifugation or small particle filtering) removes MLVSS], biomass activity will generally reach a
particles that normally are present in the POTWMaximum rate (Figure 5-3). When wastewater
effluent. Batch effluent treatment is necessary t¢oncentrations are increased, a decrease in COD,
remove the interfering toxic biomass, but this treatmenfiutrient,and oxygen removal rates would indicate the
may artificially change batch effluent toxicity. The Presence of inhibitory materials.

advantage of toxic biomass tests is that the soluble

refractory toxicity of source wastewaters can beSCOD, ammonia (SN{N), and phosphorus (SP)
determined. The non-toxic biomass tests canndgmoval can be used to calculate the specific substrate
provide as good an estimate of soluble toxicity’utilization rate (SSUR). The SSUR is reported in units
because alternate biomass is not acclimated to tf mg/L of soluble substrate per gram MLVSS per
POTW influent wastewaters. If both toxic biomassminute (g MLVSS/min), and is calculated using the
and alternate nontoxic biomass are used in testingguation:

results are obtained on both the soluble and total

refractory toxicity of the sewer wastewater. SSUR- Ci(mg/L) -Ce(mg/L)

 MLVSS (g/L) x Test Period (min)

Inhibition Testing (Optional) o _ _
Inhibitory wastewater may upset the normal operatioH"here: Ci is the influent substrate concentration as

of the POTW biological treatment process to the extent SCOD, SNH-N, or SP. o .
that it causes toxicity pass-through. Biological Ce is the substrate concentration in periodic
treatment inhibition may occur by three primary samples collected from the batch reactor.

mechanisms: competitive inhibition, non-competitive ) ) ) )
inhibition, and substrate inhibition. The effect of The POTW biomass used in batch testing contains

competitive inhibitors is most pronounced at low'esidual SCOD, SNHN and SP remaining from
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Non-inhibitory
wastewater

Inhibitory
wastewater

SOUR (mg Q /l/g MLVSS/min) or
SSUR (mg/I Substrate/g MLVSS/min)

Figure 5-3. Theoretical results of inhibition testing.

biological treatment that must be accounted for wheamount of deviation in biomass activity rates between
calculating batch effluent concentrations.  Thethe full strength sample test and the sample dilution
correction for biomass SCOD, SMN, and SP is tests.
calculated by the following equation:
Phase | Toxicity Characterization (Optional)
SCOD- [(Vr)x(Ce,mg/L)]-[(Vb) % (Cb, mg/L)] TIE Phase | tests can be applied to the batch effluent of
Vr ' the indirect discharger/primary effluent test to
) . . determine the types of toxicants causing refractory
where:  Chis the_ concentrat!on of SCOD, Shil, toxicity in the sewer wastewater. Results of the TIE
an(_j SP in the RAS fllf[rate. Phase | testing can be compared to TIE results for the
vr IS the total volume in the batch reactor (L). POTW effluent to determine if the sewer wastewater
Vbis the volume of RAS added to the reéactolcontains the same types of refractory toxicants that
L) were observed in the POTW effluent. Sources that

. ...discharge the same types of toxicants as those found in
Oxygen utilization can be measured as a sDeC'f"fhe POTW effluent would be candidates for a

oxygen uptake rate (SOUR.)' SOL.JR is reported irbretreatment control evaluation (Section 6). The TIE
units of mg Q/L/g MLVSS/min and is calculated as Phase | procedure is described in Section 4
follows: .

SOUR Oxygen Consumed (mg/L) Findings of the.Toxmlty S-ource Eyaluatlon
MLVSS (g/L) x DO Measurement Period (min) The_ r_esults of T!er | and Tier Il testindnauld be
sufficient to confirm the sources of POTW effluent

toxicants or refractory toxicity. This information can
The SSUR and SOUR data for the four wastewatefe ysed to evaluate and select pretreatment control

concentrations can be plotted as shown in Figure 5-3ntions (Section 6).

A reduction in the SSUR and SOUR rates for the full

strength sample test relative to the SSUR and SOURs possible that the toxicity source evaluation results
rates for the sample dilution tests would indicate theyj suggest that no single sewer line or indirect

presence of inhibitory material in the sewer wastewatefischarger is a source of refractory toxicity. This case
sample. The degree of inhibition can be inferred by theyay occur if the sources of toxicants or toxicity are
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widely dispersed throughout the collection systemin situations where the toxicity source evaluation
Examples of dispersed toxicants include organoproves to be a prodigious task, the permittee may elect
phosphate insecticides (e.g., diazinon) and ammoni& evaluate alternatives for in-plant toxicity control
The inability to locate the toxicant or toxicity sources(Section 6). The choice of pretreatment or in-plant
may also indicate that the sewer sampling points didontrols may be determined by assessing the best use
not include all possible sources of the toxicants opofthe resources that are available for the TRE. In this
toxicity. In this case, it may be necessary to evaluateegard, POTW staff have the option to recover costs
additional sewer lines in the collection system. associated with toxicity source evaluation through the
process of local limits development.
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Section 6
Toxicity Control Evaluation

Introduction these evaluations will be used to select the most

The goal of the TRE is to select and implement toxicityeasible option(s) based on a more thorough
control methods and technologies that will achievecomparison of the criteria listed above. The final
compliance with the permit limits for effluent toxicity. Selection process may require a quantitative
Toxicity control evaluation involves assessing the€xamination of the options using a scoring and ranking
potential control options and selecting the besBystem. Table 6-1 presents a matrix of in-plant toxicity
option(s) for toxicity reduction based on technical andontrol options for the TRE case example provided in
cost considerations. Figure 6-1 illustrates the proceddPpendix G. Further discussion of the final selection
of evaluation and selection of toxicity control options.Process is provided at the end of this section.
Toxicity control may be accomplished either through
the implementation of pretreatment requirements okdentifying Toxicity Control Options
POTW modifications. Examples of pretreatmentThe TRE guidance is designed to identify possible
controls include local limits development and wastemethods for toxicity reduction at the earliest possible
minimization/pollution prevention requirements. stage in the TRE process. As shown in the overall
POTW modifications may include changes inschematic of the TRE process (Figure 1-1), sufficient
treatment chemical usage, enhanced operationaiformation may be available for toxicity control
strategies, or addition of treatment processes. evaluation at the completion of the POTW
performance evaluation conventional pollutant
Criteria for the selection of the preferred toxicity treatability tests, TIE tests, and toxicity/toxicant
control option(s) should be defined at the beginning ofracking. Control options must be identified based on
the toxicity control evaluation. Recommended criterisample data that clearly demonstrates the option’s

include: technical feasibility.
» Compliance with effluent toxicity limits POTW Performance Evaluation Treatability Tests
+ Compliance with other permits Treatability testing in the POTW performance
+ Capital, operational, and maintenance costs  evaluation may identify options for improved
+ Ease of implementation conventional pollutant treatment that also reduce
* Reliability effluent toxicity to acceptable levels (Section 3). In
* Environmental impact. addition, the optional TIE Phase | tests may provide

information on the presence of in-plant toxicants such
Cost will be a primary selection criterion; however, theas suspended solids or chlorine that is corroborated in
selected control option must offer the best potential fothe operations and performance review. The treatment
consistent, reliable toxicity reduction with the |eaStsteps in TIE Phase | also may provide information on
impact on other permit requirements. The selectiofreatment options for control of the in-plant toxicants.
criteria should be used initially to screen all candidate
control options to determine which alternatives meriPotential control options may involve treatment
further study. The preferred options can then undergmodifications or additions that are necessary to
an in-depth review in a pretreatment control evaluatioimprove conventional pollutant treatment and to reduce
(e.g., local limits development) or in-plant control or eliminate in-plant sources of identified toxicants.
evaluation (e.qg., treatability studies). Information fromExampIes of these control options include dechlorin-
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Toxicity Control Evaluation
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Figure 6-1. Flow diagram for a toxicity control evaluation.
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Table 6-1. An Example of the Comparison of In-Plant Ammonia Treatment Alternatives (Ammonia

Concentrations of 90 mg/L NH-N or Higher)

O&M Equivalent
Capital Costs Costs Annual Cost Relative Relative
Treatment Technology Millions* Millionst Millions% Practicality§ | Reliability#
1. Single-stage biological 9.1 15 3.4 Low Low
nitrification
2. T_w.o_-sta'ge biological 115 2.4 5.0 Impractical Low
nitrification
3. Biological nutrient 18.7 2.8 6.4 Low Low
removal with nitrification
4. Ammonia air stripping 11.2 1.3 3.3 Very Low Low
Selective ion exchange
(including resin 28.0 6.2 12.7 Very Low Low
regeneration)
6. Breakpoint chlorination 7.5 6.8 115 Very Low Low

* Approximate capital costs based in part on WPCF Nutrient Control Manual cost curves (WPCF, 1983). Values reflect conditions
of 17 mgd and 90 mg/L Nl-N. The values presented here have been modified from the cost curves to reflect engineering and
contingency costs at 25% and contractor’s overhead and profit at 15%.

T Approximate overhead costs based on WPCF Nutrient Control Manual cost curves. Values reflect conditions of 17 mgd and
90 mg/L NH-N.

T Approximate equivalent costs amortized over 20 years, assuming an annual 5.00% increase in operation and maintenance costs
and an estimated annual interest rate of 8.86%.

8 Relative practicality based on typical technology applications, available laicd, spverall costs, and/or chemical usage
requirements.

# Relative reliability based on potential inhibition, temperature and pH sensitivity, and evidence that the technology is proven
reliable at 17 mgd and 90 mg/L BNl Scores of “low” to “high” were used.

Source: LRSA (1991). Additional information on this TRE is presented in Appendix G. All costs shown are in 1991 dollars.

ation treatment to eliminate toxic levels of chlorine anccontrol because the costs of implementation are usually

biological treatment optimization (e.g., increasedower. If pretreatment program data on the toxicants

MCRT) to remove toxic ammonia concentrations. are not available, chemical-specific testing will be
necessary to track the sources of the toxicants before

TIE Tests toxicity control selection can proceed.

Results of TIE Phase | testing (Section 4) may indicate

the types of treatment that can be used to remove bro&hemical-Specific Investigation

classes of effluent toxicants (e.qg., filterable materialChemical-specific tracking in the Tier | — toxicity

metals, organic compounds). For example, filterablsource evaluation may locate the sources of the POTW

toxicants may be removed by granular media filtrationeffluent toxicants (Section 5). Once the sources have

The feasibility of options for removing classes ofbeen identified, pretreatment control options such as

toxicants can be evaluated in the POTW in-plantocal limits or waste minimization requirements can be

control evaluation. developed and evaluated.

Alternatively, results of TIE Phases Il and lll may helpRefractory Toxicity Assessment

to identify and confirm the specific effluent toxicants Results of the Tier 1| RTA testing may identify the
(Section 4). If the pretreatment program data argndirect dischargers contributing refractory toxicity to
adequate to determine the sources of the toxicantthe POTW. Based on these results, POTW staff can
local limits can be developed and evaluated in theequire the indirect discharger to limit the discharge of
pretreatment control evaluation.  In this casewastewater toxicity even though the toxic wastewater
pretreatment control would be preferred over in-plantonstituents have not been identified. In some cases,
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POTW staff may elect to perform optional TIE Phase inadequate to address sources of toxicants or toxicity,
analyses to provide information on the toxicPOTW staff should revise or adopt new permit

constituents in the indirect discharger wastewateregulations or ordinances, as appropriate. In these
This additional testing may be conducted so thatases, it may be necessary to initiate the following
numerical pretreatment limits can be set. steps to control toxicants or toxicity:

Toxicity Control Screening Process * Investigate public education approaches, if the
Using appropriate selection criteria, the preferred toxicant is widely used in the service area
toxicity control options are identified. Available (e.g., organophosphate insecticides).

options can be compared using a ranking system (e.g.* Perform an allowable headworks loading analysis.
on a scale of 1 to 10). This screening process may be Decide whether to establish local limits or

relatively simple, although some estimate of costs (i.e., implement a more directed approach, such as
order of magnitude) will be useful in selecting the most  industrial user management or case-by-case
practical options. The selected options are then studied requirements.

in the pretreatment control evaluation and in-plant * Develop a monitoring program to evaluate

control evaluation, as described below. compliance with the requirements.

The example matrix in Table 6-1 compares in-planfrhese steps are described below.

control options for ammonia toxicity. In this case,

costs and qualitative measures were used to rank tfiblic education has been successfully used to control
various options. All of the in-plant control options toxicity at POTWs. Organophosphate insecticides
were found to be impractical or costly; therefore, thesuch as diazinon and malathion have been identified as
sewerage authority investigated pretreatment control€ffluent toxicants at many POTWs, especially in the
The source of a majority of the ammonia loading wasoutheast and southwest United States (Norberg-King
an industry, which was considered to be controllablegt al., 1989). Insecticides can be discharged by many
As a result, the sewerage authority required thé&isersinthe POTW service area, including pest control
industry to implement ammonia control methods. Théusinesses, veterinarians, lawn care businesses,
cost to the authority was relatively low and involved aapartment complexes, restaurants, hotels/motels, office
headworks analysis for ammonia and reissuance dfuildings, and homeowners. These users are usually
discharge permits. Additional information on this TRENot included under pretreatment programs and it may

is provided in Appendix G. be impractical to control these sources by regulating
each disharge. Studies at POTWs in California
Pretreatment Control Evaluation (Singhasemanon et al., 1997), Texas (City of

Pretreatment control options can be developed

bfreenville, 1991), Oklahoma (Engineering-Science,
public works managers to prevent the pass-through

pc., 1992), and North Carolina (Fillmore et al., 1990)

toxicants, toxicity, and inhibitory material that have "ave determined that public education is a viable
been traced to indirect disargers. The primary option for control of organophosphate insecticide

advantages of pretreatment control of toxicity are thalPXICity attributed to muitiple sources. Recommended
a smaller volume of waste can be managed b§tepsm a successful public awareness program include

addressing individual sources and the costs are usuarlf?lentifymg the significant users of insecticides,
the responsibility of the industrial users. Pretreatmerf€V€IOPINg education materials targeted to users, and

requirements may involve a public education effort offiStributing the materials on an ongoing basis during
the implementation of narrative or numerical periods of expected insecticide use. The City of
limitations for POTW users. Greenville also enacted an ordinance to encourage the

environmentally sound use of insecticides and require
The toxicants to be controlled may not be the Sam@erchants to display public education materials where

parameters that are currently regulated under thi@secticides are sold (City of Greenville, 1991).

pretreatment program. Examples of these types dditional information on .the |'d.ent|f|'cat|on and '
toxicants include organophosphate insecticides, TDSONtrol of organophosphate insecticides is presented in
biocides, and specialty chemicals used by industrieé'Ppendices F and H. Public education efforts may be

In cases where current pretreatment regulations afiPPliéd to control other effluent toxicants that are
widely used in POTW service areas and are not

56



practical to regulate through local pretreatmenslug loadings. USEPA'SGuidance Manual for
limitations. Control of Slug Loadings to POTW4988b and
1991c) describes methods for the development of slug
POTW staff have successfully used revised or newoading control programs.
pretreatment regulations to reduce POTW effluent
toxicity (Appendices C, E, and Gllocal pretreatment The case-by-case permitting method can be used when
limits can be developed to control sources of toxicantthe POTW effluent toxicants cannot be identified, but
or toxicity identified in the toxicity source evaluation. TIE information on the general classes of toxicants is
USEPA’sGuidance Manual on the Development andavailable or sources of toxicity have been located in the
Implementation of Local Discharge Limitations Undertoxicity source evaluation. Using TIE data, an
the Pretreatment Prografy SEPA, 1987b) describes engineer may be able to select a pretreatment
several approaches for developing local limits. Thes&echnology that can remove general types of toxicants
approaches include: (i.e., non-polar organic compounds). In cases where
the sources of toxicity have been identified, POTW
» Allowable Headworks Loading Method: staff have the authority to require the indirect
Numerical limits are defined based on thedischarger to take steps to limit the discharge of
maximum pollutant loadings that will allow refractory or inhibitory toxicity (USEPA, 1987Dh).
compliance with receiving water quality criteria,
sludge quality criteria, or protection againstAlthough USEPA and the States with approved
treatment interferences. pretreatment programs have overview authority, the
« Industrial User Management Method: Based orchoice of which approach to use for local limits
an in-depth review of indirect discharger practicesdevelopment is the municipal government’s decision.
POTW staff can set narrative limits for chemicalThe goal in developing local limits is to implement
management practices (e.g., chemical substitutiorpretreatment regulations that are technically and legally
spill prevention, and slug loading control). defensible. Local limits can include provisions for
» Case-by-Case Permitting:  Technology-baseequitable recovery of costs associated with the toxicity
limits are established based on levels that can b&ource evaluation and limits development.
feasiblely and economically achieved by
industries. In-Plant Control Evaluation

o The objective of the in-plant control evaluation is to
Some of the local limits approaches can be adapted i@|ect and evaluate feasible treatment options for the

address effluent toxicants or toxicity. For example, th@eduction of effluent toxicity at the POTW.
allowable headworks loading method is well-suited forTreatabiIity testing may be conducted to determine the
developing limits to prevent the pass-through ofioxicity removal effectiveness and operating
toxicants identified in POTW effluent TIE tests and characteristics of the candidate treatment options.
located by chemical-specific analyses in the toxicityrhese tests should use acute or chronic toxicity tests
source evaluation. This method can be used tgng chemical analyses to evaluate the removal of
establish the maximum level of the toxicant that can bgpeciﬁc toxicants and/or toxicity. The resulting data
safely received by the POTW without exceeding theyrgvide a basis for the final selection and conceptual

effluent toxicity limit. The LRSA, New Jersey, design of feasible POTW process modifications or
conducted an allowable headworks loading analysis tgqditions.

address industrial sources of ammonia (see Appendix
G). The results of the analysis were used to develop jg important to consider that major changes in
local limits for controllable sources in order to reduceeatment plant facilities or operations may not be
effluent toxicity caused by ammonia. practical due to the cost of new facilities or the
complexity of additional process operations. In these
The industrial user management method provides §tuations, pretreatment control of toxicity may be
framework for implementing chemical managementyreferred over in-plant control. Wherever possible, the
practices including slug discharge control. In cases ifh-plant control evaluation should be performed in
which slug loadings contribute to POTW effluent conjunction with the pretreatment control evaluation to

toxicity, spill prevention or load equalization can bejdentify the most technically feasible and cost-effective
implemented at the industrial facility to moderate thegontrol option.
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Review Existing Information sludge and BNR processes), haligh some
The first step in the in-plant control evaluation is tomodifications to fixed film processes (e.g., trickling
review the POTW performance evaluation data on thélters and RBCs) may be feasible. The performance of
POTW design (Section 3) to establish the physicafctivated sludge and BNR systems is generally
space available for new process additions and teontrolled by adjusting several process parameters,
determine the idle facilities and equipment that couldncluding MCRT, MLSS, DO levels, recycle ratio, and
be used for toxicity control. Operations and F/M ratio. The treatment efficiency of the activated
maintenance information also should be reviewed tsludge system is optimized by varying these
determine if the POTW is capable of handling theinterrelated process parameters. A description of the
increased operational control that may be required witbise of operational parameters for toxicant control is
process modifications or additions. In addition, POTWprovided as follows: “Removal of biodegradable toxic
performance evaluation information should beCompounds in suspended growth systems may be
reviewed to determine how the control options mighimproved by increasing the MCRT” (Adams et al.,
be integrated into the overall treatment system desigd981). MCRT can be increased by lowering the excess
sludge wasting rate. Longer MCRTSs are necessary for
TIE results on identified effluent toxicants can be usedpitrification and can be beneficial for the
to determine in-plant control options. Although biodegradation of some types of organic compounds.
information on specific toxicants is well suited for theAn example of this approach was practiced ata POTW
application of pretreatment control limitations, POTWon the United States’ east coast (Judkins and
staff may choose to evaluate in-plant control of thesénderson, 1992). The facility was retrofitted to
toxicants. An example is the treatment of ammonia bjichieve nitrification to reduce ammonia. Existing
optimizing the POTW activated sludge process (e.gireatment capacity, including aeration basins and
increase MCRT) to achieve nitrification. In somesecondary clarification, was available to accommodate
cases, TIE Phase | data on the classes of effluetite longer MCRTs and detention times needed to
toxicant can be used to select options to be examinedccomplish nitrification and denitrification.  The
For example, if filterable material is the principal retrofits involved increasing the air supply, changing
effluent toxicant, possible options would includethe air diffuser pattern, adding anaxic zone in the
improved solids clarification or granular media aeration basins, increasing the MCRT, and modifying
filtration. the return sludge flow. Usually, mixed liquor from the
aerobic zone of the biological treatment process is
In-plant toxicity control may be achieved by recycled to the anoxic zone to accomplish
enhancement of the existing treatment system or by tienitrification. However, it was possible in this case to
implementation of additional treatment processes. Indse the existing return sludge pumps to recycle the
plant control alternatives for different categories ofsecondary clarifier underflow to the anoxic zone. The
toxicants are summarized in Table 6-2. A descriptiogost of the retrofit consisted of approximately
of these control alternatives is provided as follows. $100,000 in capital costs and an increase in annual
operating costs of about 25%.
Process Enhancement
Biological Process Control High MLSS concentrations have been shown to

Biological process control is most easily applied tgMnimize the effects of inhibitory pollutants on

suspendedgrowthsystems(e.g.,conventionalactivaté?‘&tiv""ted sludge treatment systems (WEF/ASCE,

Table 6-2. POTW In-Plant Control Technologies for Categories of Toxic Compounds

Biodegradable
Organic Compounds Non-Biodegradable Volatile Organic Heavy Metals and
and Ammonia* Organic Compounds Compounds Cationic Compounds
Biological process contrq| Filtration Biological process control Filtration
Nutrient addition Activated carbon Aeration Coagulation/precipitation
Coagulation/precipitationl  Coagulation/precipitatipn pH adjustment

* Air stripping, breakpoint chlorination, and ion exchange also may be considered for ammonia removal; however, thesmst of the
technologies and the use of toxic additives such as chlorine often preclude their use.

58



1992a). High MLSS concentrations increase thehemical addition may be used to increase influent
potential for biodegradation and sorption of toxicwastewater pH prior to primary sedimentation in order
wastewater constituents and can help to protect the enhance the precipitation of heavy metals. Chemical
treatment process from shock loadings. The maximuraddition may also be appropriate for removal of metals
MLVSS will often be limited by the available in sidestreams from sludge processing. Some metals,
secondary clarifier capacity. Itis important to considehowever, such as iron and chromium will go into
the effect of increased MLVSS on secondary solidsolution rather than precipitate at alkaline pH. The
separation and the TSS concentrations of the clarifiasptimum pH range for metals precipitation varies for
effluent. each type of metal and the solubility/precipitation
equilibrium can be affected by other factors such as
A decrease in F/IM (based on B@Deffectively dissolved solids concentrations in the wastewater.
decreases the organic waste loading per unit dfime and caustic chemicals also provide additional
biomass, which may improve the biodegradation ofalkalinity, which is essential for biological treatment,
some toxic compounds (Adams et al., 1981). The F/Mspecially nitrification treatment, processes.
ratio is inversely related to MCRT.
Polymers and inorganic coagulants such as alum and
Biological process control is not as easilyferric chloride can be introduced to POTW waste
accomplished for fixed film processes, such astreams to help remove insoluble pollutants.
trickling filters or RBCs. Some adjustments can beCoagulants may be added to influent wastewater to
made, however, such as varying the amount and poiiricrease the sedimentation of toxic constituents in
of wastewater recirculation in a trickling filter to primary treatment and thereby minimize the loading of
potentially increase the removal of toxicants ortoxicants on the biological treatment process.
toxicity. In addition, secondary clarifier effluent can Coagulants also can be added after the activated sludge
be recirculated to dilute high-strength wastes prior t@eration basins to control sludge bulking or reduce
treatment in a trickling filter or RBC. In some cases gffluent suspended solids, which may be associated
inhibitory pollutants may cause excessive sloughing oWith effluent toxicity. The optimum conditions for
the fixed film biomass. This problem may be rectifiedcoagulation can be determined by conducting bench-
by returning thickened secondary clarifier solids to thescale jar tests. These tests are used to establish the
fixed film process to help maintain a proper biomas®ptimum coagulant type and dose, the proper mixing
population. requirements, and the flocculent settling rates for
treatment (Adams et al., 1981).
Chemical Addition
The addition of chemicals or additives to waste strearfsoagulants can adversely affect the characteristics of
in existing POTW treatment processes may improvéewage sludges, which could affect the sludge disposal
toxicant or toxicity removal. Nutrients can be added tanethod. Coagulants may increase the toxicity of the
influent wastewaters that have low nutrient levelssludge (as measured by a TCLP) as a result of the
(relative to their organic strength) to improve removal of toxic wastewater constituents or as a result
biological treatment. Lime or caustic chemicals can b@f the toxicity of the coagulant itself (e.g., metal salts).
used to adjust wastewater pH for optimal biologicail herefore, coagulants should be evaluated carefully
treatment or for coagulation and precipitationprior to use.
treatment. Other chemical coagulants are used to aid
in removal of insoluble toxicants and to improve The addition of PAC to an activated sludge unit may
sludge settling. Powdered activated carbon may biécrease the removal of toxic organic chemicals.
applied in activated sludge systems to remove toxi@rganic pollutants that are not biodegraded can be
organic compounds. A description of each of theséemoved by adsorption onto the surfaces of activated
treatment additives is provided as follows. carbon particles. Activated carbon also improves
sludge settleability by providing a substrate onto which
Addition of phosphorus, nitrogen, or sulfur may insludge flocs can agglomerate. Wdugh PAC
some cases improve biological treatment of industrigprocesses have been used in municipal wastewater
wastewaters with low nutrient concentrations. Thdreatment, studies (Deeny et al., 1988) have shown that
optimal BORY/TKN/TP ratio for municipal activated PAC regeneration by wet-air oxidation breaks down
sludge treatment is 100:5:1. Lime and causti¢he activated carbon particles to carbon fines, which
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carry over the secondary clarifier weirs. In some cases)lowed by applicable state water quality standards, the
periodic additions of PAC to an aeration basin can beffectiveness of outfall relocation or diffuser
used to minimize the effects of toxic slug loadings,installation can be evaluated along with other control
thereby improving the stability of the activated sludgeoptions. The reader is referred to USEPA’'s TSD

system. (1991b) for a discussion of the role of dilution in
permitting for whole effluent toxicity control and
POTW Modifications and Additions details on mixing zone analyses and high-rate diffusers.

Where process enhancement is not feasible or will not

provide adequate toxicant removal, physical additiorAdvanced Wastewater Treatment

to or modification of the POTW can be undertakenPOTWs that only utilize primary and secondary
Additional treatment processes could includewastewater treatment may achieve toxicity reduction
equalization prior to treatment, instrumentation controlpy the addition of advanced wastewater treatment
BNR, and advanced wastewater treatment processpsocesses such as coagulation/flocculation,
such as coagulation/flocculation, granular medissedimentation, granular media filtration, and granular
filtration, and GAC treatment. Public works managersactivated carbon. Each of these processes can provide
also may consider enhancing effluent dilution throughenhanced removal of some toxicants and toxicity.
the addition of an outfall diffuser or relocation of the Treatability tests used to evaluate treatment process
outfall to a larger water body. additions are described below.

Equalization Treatability Testing

Equalization can be used prior to the biologicalBench-scale and pilot-scale treatability tests are
treatment process to dampen the effect of slug arommonly used to evaluate treatment options that have
diurnal loadings of high-strength industrial wastesbeen selected for testing. Bench-scale or pilot-scale
Equalization facilities can be provided to eithertests offer several advantages compared to full-scale
equalize wastewater flows or wastewatertesting, includinga more manageable test unit size and
concentrations. Flow equalization is partially providedthe ability to vary the operating conditions to evaluate
by existing primary sedimentation tanks and can béoxicity reduction. Treatability methods can range
enhanced by increasing the size of the primary tankagéom simple jar tests for testing coagulation/
Concentration equalization requires mixing of theflocculation options to flow-through bioreactors for
wastewater to moderate intermittent pollutant loadingsinvestigating the biodegradation kinetics of wastewater
therefore, separate facilities must be provided. treatment.

Instrumentation Control During treatability testing, influent, effluent, and
Instrumentation/monitoring can be used to help contra$idestream wastewaters of the treatment simulation are
slug loadings of toxic constituents in the POTWtested for acute or chronic toxicity. Toxicity testing is
influent wastewater. For example, transient metalsised to assess the effectiveness of the treatment option
loadings may be monitored by continuously measuringn reducing wastewater toxicity and to determine the
the pH and conductivity of the influent wastewater. Afate of toxicity in the treatment process. Initial testing
significant change in pH or an increase in conductivityshould use the simplified toxicity test methods
may indicate a slug loading of toxic material, whichdescribed in the TIE manuals (USEPA 19914, 19923,
can be manually or automatically diverted to a holdingl996) because of the large number of samples that may
basin. After equalization, the diverted wastewater cafieed to be tested. Toxicity screening tests such as
be slowly added back to the influent waste stream tdficrotox® also may be used in conjunction with the

dilute the material prior to treatment. required test species to provide additional information.
These tests are recommended for waste streams with a
Outfall Diffuser/Relocation high oxygen demand (i.e., high BQEoncentration),

Public works managers may choose to evaluate thghich would otherwise require aeration when testing
alternative of installing a diffuser or relocating theWith permit species. ~Aeration should be avoided
outfall to achieve better dilution. For example, thebecause it may remove volatile or oxidizable toxicants.

extension of a shoreline outfall to a submerged high-

rate diffuser in deeper water may promote rapid mixind?€finitive acute or chronic toxicity tests (USEPA
and achieve an acute dilution factor of 10 or more. [£993¢, 1994a, 1994b, 1995) should be used at the
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completion of treatability testing to verify the option’s Granular Media Filtration

capaliity in meeting the NPDES permit limit. Filtration testing involves scaled-down models (usually
Optional TIE Phase | analyses also may be performegiiot-scale) of full-sized filters. The choice of filter
on treatability test samples to confirm toxicant removamedia and test-flow rates should correspond to the

by the treatment option. intended design and operating criteria. Although the
process scale is reduced, the bed gradation and
Activated Sludge/BNR Treatment thickness should be equivalent to anticipated full-scale

The basic parameters of interest in the design gfrocesses in order to predict actual treatment

activated sludgBNR systems include organic loading, performance (Adams et al., 1981).

oxygen requirements, nutrient requirements, sludge

production, sludge settleability, and internal recycleGranular Activated Carbon

rates. Continuous flow systems are most useful forhe carbon adsorption isotherm test is used to

evaluating activated sludge/BNR systems; howevergetermine the optimum type and dosage of activated

batch systems may provide sufficient treatabilitycarbon for wastewater treatment (Adams et al., 1981).

information in some cases. An example of the use qResults of this test are used to prepare bench-scale or
batch treatment tests in a TRE is provided imilot-scale carbon columns that can be used to evaluate
Appendix D. This study determined that an upgrade ofarbon exhaustion rates and the effect of carbon

a conventional activated sludge process to a five-stagegeneration on toxicity removal performance.

BNR process would achieve compliance with chronic

toxicity limits. Follow-up monitoring upon completion Toxicity Control Selection

of the upgrades confirmed the toxicity reduction. e fina| process of toxicity control selection involves
. . . ) . anassessment of potential control options and selection
Consideration should be given to evaluating desigiy the pest option(s) for toxicity reduction based on

specifications and operating conditions that arggera| criteria. In most cases, both a pretreatment
expected to optimize the treatment of toxicants andlonq evaluation and an in-plant control evaluation

toxicity. These parameters may include relatively long, i1 have been performed:; therefore, the review

MCRTs and high MLVSS levels, which have beenintormation should include the data developed in both
shown to improve toxic pollutant removal and protecty, o ations.

the process from inhibitory wastes (Hagelstein and

Dauge, 1984; WEF/ASCE, 1992a). The choice of in-plant toxicity control or pretreatment

. . toxicity control will depend largely on the technical
Coagulation/Flocculation and economic feasibility of POTW treatment
The evaluation of coagulation and flocculation modifications and pretreatment controls. Pretreatment
treatment involves the use of bench-scale jar tests @pntrol will be feasible in situations where the TIE data
zeta potential tests to provide information on theynd the toxicity source evaluation data are sufficient to
optimum coagulant type and dosage, mixing rates, angefinitively identify the sources of toxicity. These data
flocculent settling rates for removal of solids andghgyld provide an indication of the variability of
flocculent suspensions (Adams et al., 1981). Resuligxicity and toxicants in the indirect discharge. Ifthese
of these tests are used to devise treatability tests {nditions are satisfied, POTW staff can set local
evaluate the sedimentation of flocculent suspensiongimits using the methods outlined above. In-plant

_ _ control will be preferred in cases where the
Sedimentation implementation of feasible treatment modifications or
Sedimentation involves the removal of suspendeddditions is more practical than pretreatment control.
solids or flocculent suspensions by gravity settlingData obtained in treatability studies should include
Sedimentation is evaluated by conducting a series diiformation on the variability of toxicity treatment
settling column tests that measure the settling rates performance and the design criteria for implementing
solids or flocculent suspensions (Adams et al., 1981}he treatment option. In-plant options provide POTW
Test results are used to calculate a settling profile thataff a direct method of controlling effluent toxicity;
can be used for clarifier design. however, in-plant modifications or additions may

substantially increase process operation requirements
and maintenance costs.
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Selection of Toxicity Control Options Costs for requisite environmental and construction

Final selection of the preferred toxicity control permits should be included.

option(s) involves a comparison of the options using

appropriate criteria (see example in Table 6-1). It majn Some cases, it may be possible to recover some of

be necessary to select and implement more than ofiegeé costs of implementation from responsible

control option to ensure compliance with effluentdischargers. For example, municipalities may apply

toxicity requirements. The preceding evaluationssurcharges to local limits or request in-kind funding for

should provide sufficient information to document thePOTW modifications or additions to recover the costs

technical and cost considerations for each option. of toxicity control. Anticipated cash returns should be
included in the final cost estimate.

Compliance with Effluent Toxicity Limits or
Requirements Costs for all options can be ranked and a score can be
Data gathered through the TRE should indicate that tgSSigned and entered into a matrix table. Weighting
selected option will consistently achieve compliancd@ctors may be incorporated into the scoring if funding
with the toxicity permit requirement.  Sufficient Of SOmMe options is uncertain.
information should be provided to show that the option )
will reduce effluent toxicity even during periods of Ease of Implementation
maximum occurrence of toxicity. If this information Factors such as land availability, permits, operability,
includes bench and/or pilot-scale treatability datagnd maintenance will have a major influence on the
scale-up factors must be incorporated into estimates g€lection of options involving POTW modifications or
toxicity reduction to adjust for differences in treatmentadditions. Likewise, the economic impact and level of
efficiency between laboratory and full-scale treatmenf0mmunity cooperation anticipated from new
systems. Likewise, safety factors should be include@retreatment regulations will affect the selection of
in the calculation of local limits to allow for variation Pretreatment control options. Public works managers
in toxicant loadings to the POTW. It also may beshould develop a list of all potential constraints as well
necessary to conduct a sensitivity analysis to evalua@s benefits of the candidate control methods. Benefits
the effectiveness of the options under variableshould address items other than effluent toxicity
conditions (e.g., variable toxicant loadings or treatmenteduction such as improved treatment conditions or
performance). better cooperation among POTW users. Each
constraint and benefit can be assigned a weighted
A relative scoring system can be used to rate th&core, the individual values can be summed for each
overall potential for the options to achieve permitoption, and the total value entered into the matrix table.

compliance. The scores can be entered into a matrix

table like that shown in Table 6-1. Reliability
The selected option(s) must be degable.
Compliance with Other Permits Pretreatment approaches or treatment processes that

Steps taken to reduce effluent toxicity may have &€nd to malfunction or fail because of difficulties in
detrimental effect on other permitted activities such agxecuting complicated operational plans should be
sludge disposal or air emissions. If toxicants arévoided. Experience in implementing similar projects
expected to be transferred to sludge or air, the potenti#lill be useful in defining the reliability of the options.
effects on limitations specified in residuals and aifPublic works managers should consider each option’s
permits should be estimated. Each option should beperational history, maintenance requirements, and
rated for its potential to comply with related permits. longevity.

Capital, Operation, and Maintenance Costs Environmental Impact

Sufficient detail on costs should be presented to allo#0me options may require the evaluation of
a straight-forward comparison of the control options€nvironmental issues related to the protection of
Cost estimates should include the effort and materiawetlands, rare and endangered species, and cultural
required for planning, implementation, operation, and€sources. Although the costs of these evaluations are
maintenance of the options. Cost information may bécluded under the above cost criteria, other factors
obtained from equipment vendors, engineeringVill affect the decision-making process, including
consultants, and existing data for comparable systemgublic perception, time period for permit approval (if
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needed), and potential remediation issues. A score céor each option can be compared directly. The options
be developed based on these factors and entered irtan be ranked according to their scores and the highest

the matrix table. ranked option(s) can be selected for implementation.
In some cases, it may be necessary to select more than
Comparison of the Toxicity Control Options one toxicity control option to ensure that permit

Scores developed in the criteria evaluation are summepmpliance will be achieved. This approach is highly
for each option. These scores will incorporate alfecommended when the control options are relatively

necessary weighting factors; therefore, the total scorégexpensive to implement, operate, and maintain.
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Section 7
Toxicity Control Implementation

Introduction conditions and frequency of monitoring will be set by

Once the evaluation and selection of toxicity control the regulatory agency. If source controls are
options has been completed, the final steps in the TREMPlemented, POTW staff should specify additional
are the implementation of the selected pretreatmentnonitoring requirements for indirect dischargers under
and in-plant control options and follow-up monitoring the pretreatment program. These requirements may
to ensure permit compliance. The degree of effort ininclude verification of statements from industries that
the implementation step will depend on the severity ofthe required reduction of toxicity has been made.

the effluent toxicity and the complexity of the selected o

control approaches. Depending on the findings of theThe POTW effluent monitoring program should be
TRE, implementation may involve relatively minor designed to provide data to ensure that toxicity has
changes such as modifying POTW operating Peen reduced to acceptable levels and that the TRE
procedures or more complex modifications such asPbjectives have been met. This program may involve
expanding the POTW's pretreatment program ormore frequent monitoring than is required by the

designing and constructing new treatment facilities. NPDES permit, including monitoring to evaluate
daily, weekly, monthly, or seasonal variations in

Implementation effluent toxicity that were observed during the TRE.

Using the results of the previous steps in the TRE, aFoIIow—up monitoring should utilize the test species

Toxics Control Implementation Plan (TCIP) should be and“methods S.peC'f'(.ed in the discharge perr_nlt.
. dditional tests, including surrogate methods applied
developed. The TCIP should summarize the results o .
: . the TRE, may be included to re-evaluate
the TRE, results of the screening and selection o . .
- . S D .~ correlations between test species that may have
toxicity control options, and justification for selecting - .
- . . changed as a result of the effluent toxicity reduction.
the preferred toxicity control option(s). For in-plant
control options, the TCIP should provide the basis of
design for the selected control options, including . ) .
. : Z present prior to implementation of the control
capital and operating costs, and a schedule for desig

X : echnology should be monitored to ensure that
and construction. For pretreatment control options, theconcentrations are below toxic levels. Aporoved
TCIP should specify the basis of selection and - FPP

R e . analytical methods will generally be applied; however,
technical justification for local limits and discharger ; .
oo - screening methods such as ELISA tests or other field
monitoring methods. In addition, the procedures for

. . . . kits, which may not be specifically approved by
implementing revised pretreatment regulations also . .

' USEPA, can be used to evaluate trends and identify
should be defined. . . i
potential problems for follow-up testing. As with
o toxicity monitoring, the analytical program should re-
Follow-Up Monitoring ) evaluate trends in toxicant concentrations observed
Once a control technology has been implemented, Juring the TRE. A discussion of an ongoing POTW

follow-up monitoring program should be developed onitoring program for organophosphate pesticides is
and implemented to ensure the effectiveness of thgascriped in Appendix F.

selected control option(s). In most cases, the

Any effluent toxicants that were determined to be
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Section 8
Quality Assurance/Quality Control

Introduction Sample Collection and Preservation
A QA/QC program for the TRE should be developed To ensure quality control in sample collection
and implemented to ensure the reliability of the activities, the TRE sampling plan (Section 11) should
collected data. The QA/QC program should includebe strictly followed. In addition, the QA/QC plan
addressing the monitoring of field sampling and should state the minimum sample volumes, maximum
measurement activities, the review of laboratory sampling holding times, and sample preservation
analysis procedures, and the documentation andechniques for each analytical method. The sampling
reporting of the analytical data. A QA/QC program requirements for conventional and priority pollutant
should be designed so that corrective action can banalyses are described in USEPA&ethods for
quickly implemented to detect and eliminate erroneousChemical Analysis of Water and Was@&sSEPA,
or questionable data without due expense to the 1983b) andtandard Methods for the Examination of
project or major delays in the schedule. Water and WastewatgfAPHA, 1995). Sampling
requirements for acute toxicity tests are provided in
The POTW laboratory manager should ensure that th&J SEPA’'sMethods for Measuring the Acute Toxicity
specific QA/QC requirements for TRE activities are of Effluents to Freshwater and Marine Organisms
addressed by the facility’s QA/QC plan. If a private (USEPA, 1993c) andlethods for Aquatic Toxicity
consultant is to be used for all or part of the TRE Identification Evaluations: Phase |, Toxicity
testing, the POTW laboratory manager should requesCharacterization Procedures(USEPA, 1991a).
a QA/QC plan from the consultant and review the Sampling requirements for chronic toxicity tests are
consultant’s proposed QA/QC activities. Whether theprovided in USEPA’s Short-Term Methods for
TRE is to be performed by the POTW laboratory or by Estimating the Chronic Toxicity of Effluents and
a consultant, it is essential that the project organizatiorReceiving Waters to Freshwater OrganigdSEPA,
include competent chemists, toxicologists, and1994a), Short-Term Methods for Estimating the
engineers who have adequate knowledge of TREChronic Toxicity of Effluents and Receiving Waters to
methods. Marine and Estuarine Organisn{t/SEPA, 1994b),
Short-Term Methods for Estimating the Chronic
The QA/QC plan should be prepared prior to the Toxicity of Effluents and Receiving Waters to West
initiation of the TRE and should contain the following Coast Marine and Estuarine OrganisnidSEPA,

elements: 1995), Toxicity Identification Evaluation:
Characterization of Chronically Toxic Effluents,
* QA/QC objectives Phase | (USEPA, 1992a), andMarine Toxicity

« Sample collection and preservation techniques Identification Evaluation (TIEJUSEPA, 1996).
» Chain of custody procedures

» Analytical QA/QC Itis important to routinely assess the effects of sample
» Laboratory equipment maintenance holding times on wastewater toxicity to predict how

» QA/QC training requirements long samples can be kept before changes in toxicity
« Documentation and reporting procedures occur. For example, the acute TIE Phase | manual
» Corrective action protocols. (USEPA, 1991a) describes how testing the sample

toxicity on the day of collection and comparing this
initial toxicity to its baseline toxicity (tested 1 day
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later) can provide information on appropriate sampling TRE Procedures

holding times for toxicity analysis. In chronic TIES, analytical tests should provide data of an acceptable
effluent manipulations are performed on the day theqyajity for characterizing wastewater toxicity and for
sample is received so that the possible effects of angyaluating methods and technologies for toxicity
toxicity degradation are minimized (USEPA, 1992a). requction. Several test methods described in this
_ . document are not standard procedures and require
Other QA/QC considerations for TRE sample careful attention to unique QA/QC procedures.
collection include routine cleaning and inspection of Special QA/QC procedures for each major TRE test
automatic sampling equipment, cleaning samplegre discussed below. Whenever possible, these

containers according to the requirements for eachyrocedures should be followed to ensure precise and
analytical method, and collecting duplicate samplesgccurate results.

and field blanks. When preserving samples for
chemical analysis, only analytical grade preservativesroxicity Identification Evaluation

should be used to avoid contamination andgpecial precautions for TIE tests are discussed in the
overestimation of analyte concentrations. ppace | |1 and Il manuals (USEP®91a, 1992a,
Unpreserved samples that are to be used for toxicit)i993a,1993b, 1996). In general, strict adherence to
and chemical analyses require sample containers thali,ngard quality control practicesrist required for
are both toxmologlcal_ly and analytlcally_ .clean_ conducting Phase | analyses due to the large number
Equipment and containers used for toxicity test ¢ y,yicity tests to be performed and the tentative
samples require special cleaning procedures OUtI'ne&ature of the toxicant characterization. Nonetheless,
in USEPA manuals (1993c, 1994a, 1994b). system blanks and controls should be used whenever
. possible to indicate toxicity artifacts caused by the
Chain-of-Custody characterization procedures. In Phase Il more
A chain-of-custody (COC) form should accompany all attention should be paid to quality control in order to
samples to document the collection, preservation, anddentify interferences in toxicant characterization and
handling of samples. The COC form should indicateidentification. Even greater attention to quality control
the sample identification number, sample type (i.e.,is needed in Phase Ill. Sample manipulatioousd
composite or grab), date and time of collection, a briefpe minimized in Phase Il to prevent analytical
description of the sample, number of samples takeninterferences and toxicity artifacts. Field replicates,
name of the person taking the sample and performingystem blanks, controls, and calibration standards
field measurements, and sample characteristics such ahould be used extensively to allow a precise and
temperature, pH, total and free residual chlorine, andaccurate determination of the sample toxicants and
conductivity. A field book also should be used to toxicity.
record any field observations or conditions noted
during sampling along with other peréint  Specific precautions for characterization (Phase I) and
information. Each laboratory should identify a sample toxicity testing in TIE analyses are provided below.
custodian to log in and store samples collected during
the TRE. The sample custodian should acknowledgeaeration

receipt of samples by signing the COC form and oy air stripping or aeration tests, only a high quality
noting the date and time of sample receipt, the sampl@ompressed air source should be used. Oil, water, and
identification number, the laboratory assession codeirt are undesirable contaminants in compressed air;
and sampling information such as temperature, pHnerefore, it is important to use equipment and filters
and TRC. Upon receipt of the sample, a samplénat generate dry, oil-free air.  Oil-sealed air
tracking form should be used to record the date, timeCornpressors should not be used. Simple aeration
and vc_>|ume of aliquots of the sample_removed for gevices, such as those sold for use with aquariums, are
analysis, the analyst, and any changes in the nature gfcceptable provided that the ambient laboratory air is
the sample, including its toxicity, over time. All COC | ,ncontaminated (USEPA, 1991a). Recommendations
and sample tracking forms should be maintained in &g, in-line filters for air exchange systems in

permanent file so that information on specific samplesigporatories are provided by USEPA (1993c).
can be traced easily.
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Filtration Toxicity Tests

High purity water, which has been adjusted to aThe organisms used to test the sample toxicity prior to
specified pH, should be used to rinse filters betweenand following each characterization step should not be
filtration steps (USEPA 1991a, 1992a). Filtration subject to undue stresses such as contamination
equipment should be rinsed with 10% nitric acid (USEPA, 1991a). The test organisms should have had
(HNQ,), acetone, and high purity water between no prior exposure to pollutants and their sensitivity
sample aliquots. Filtration equipment should be madeshould be constant over time. To assess changes in the
of plastic to avoid leaching of metals or other toxicantssensitivity of the test organisms, a standard reference
during acid washes. Toxicity can be checked bytoxicant test should be performed on a regular basis

testing filtered dilution water. and accompanying quality control charts should be
developed (USEPA 1993c, 1994a, 1994b). Reference
pH Adjustments toxicant tests should be performed monthly. If test

Concerns in the pH adjustment steps involve artificial organism cultures are not maintained in the laboratory,
toxicity caused by excessive ion concentrations fromreference toxicant tests should be performed with each
the addition of acid and base solutions, contaminatiorgroup of test organisms received, unless such
from impure acid and base solutions, and silverinformation is available from the vendor. Information
contamination from some pH probes (USEPA 1991a,0n obtaining and culturing species for toxicity testing
1992a). The baseline toxicity test acts as a control foiS provided in the acute and chronic toxicity test
indicating whether addition of acid and base solutionsmanuals (USEPA 1993c, 1994a, 1994b).

increases effluent toxicity. Ultra-pure acids and bases

should be used to minimize artificial toxicity. During The quality of the dilution water used in toxicity tests
pH measurement, toxic concentrations of silver canwill depend on the purpose of the TIE test and whether
leach from refillable calomel electrodes; therefore,the test is being performed for toxicant

only solid state pH probes should be used. characterization (Phase |), identification (Phase Il), or
confirmation (Phase Ill). Much of Phase | and parts of
Methanol/C18 SPE Column Phase Il rely on relative toxicity measurement;

HPLC grade methanol is required for C18 spg therefore, water that is of consistent quality and will
column preparation and extraction steps. A blankSUpport the growth and reproduction of the test species
toxicity test should be conducted for each methanol'S Suitable for these phases of the TIE (USEPA 1991a,
reagent lot. In adton, a toxicity blank should be 1992&, 1996). The objective of Phésehowever, is

performed on each C18 SPE column to check forf0 confirm the true cause of toxicity; therefore,

resin-related toxicity (USEPA 1991a, 1992a). artifacts are to be excluded and the choice of dilution
water should follow Phas#l guidance (USEPA,
Sodium Thiosulfate Addition 1993b). Guidance for preparing the dilution waters is

The TIE manuals (USEPA 1991a, 1992a, 1996)described by USEPA (1991a, 1992a, 1996).
provide information on the toxicity of sodium .

thiosulfate to several freshwater and marine specie L_JSEPA ((jl%E_)la) dretc):on?]m_ends fe_edn;lg (_;,_Iﬁlzdocerans
These manuals prescribe the amount of sodiu "?"_C' u E‘ag Jap nlafsp.) mTItEe .- test
thiosulfate to use in testing. If alternative species arg>0'utions at the beginning of acute toxicity tests.

: ily feeding is required in the chronic TIE tests
to be used, the species tolerance should be evaluat ! i .
by adding increasing quantities of sodium thiosulfate( SEPA, 1992a). Feeding requirements for selected

[ i i ici ' described in the acute and chronic toxicity
to aliquots of the sample, testing the resulting toxicity, SP€C¢1€s are
and comparing the toxicity to the sample’s baseline€St manuals (USEPA 1993c¢, 1994a, 1994b, 1995).

toxicity. Sample pH should be recorded at each sample
renewal. Additional pH measurements may be needed
during the test, especially if ammonia toxicity is a
concern.

EDTA Addition
The TIE manuals (USEPA 1991a, 1992896) also
prescribe the concentration of EDTA ligand to be

added to samples. If alternative species are to be usego measurements may be made at sample renewal or
in the TIE, the same test approach noted above for

dium thiosulfat b lied at the end of the exposure period in the TIE. In cases
sodium thiosuliate can be applied. where low DO is a problem, DO adjustment should be
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performed at a rate that will not intentionallyamge Equipment Maintenance

the sample toxicity. All facilities and equipment such as pH, DO, and
conductivity meters, speciphotometers, GC/MS, and
HPLC instruments should be inspected and maintained
according to manufacturers’ specifications. Standard
operating procedures (SOP) should be followed for
routine maintenance and calibration of each analytical
instrument. A maintenance log book also should be
kept for each major laboratory instrument.

Refractory Toxicity Assessment and Treatability
Tests

RTA and treatability tests are subject to a variety of
potential interferences due to the large number of
variables that must be accounted for and controlled
during testing. When performing RTA and treatability
analyses, it is important to hold all parameters
potentially affecting toxicity constant so that sample The measurement of toxicity or trace compounds in
toxicity is the sole variable. Important parameters towastewater samples requires the use of carefully
be controlled in RTA testing include the test solution cleaned instruments and glassware. Instruments that
temperature, DO level, and pH. involve flow-through analysis such as automated

- . spectrophotometers should be inspected to ensure that
The QA/QC concerns for toxicity analysis in RTA and flgw-thrgugh parts (i.e., tubing)p are periodically

treatability tests are the same as those noted above f%placed New glassware may be contaminated with
TIE tests. Selection and use of test species and diluti0|&ace arﬁounts of metals; therefore, any glassware
water should follow procedures given in the USEPA being used in toxicity tests for the first time should be

Phase | manual (USEPA 1991a, 1992a). soaked for three days in 10% HN@SEPA, 1991a).

Potential sources of toxicity contamination should be FOr subsequent use in TIE and toxicity tests, the
identified through the use of system blanks. Asin TIEglassware should be washed with phosphate-free
testing, the filters used in RTA testing should be testecletergent, and sequentially rinsed with 10% HNO
to determine if toxicity is added during filtration. acetone, and finally high-purity water (USEPA 1993k,
Each of the solutions used in RTA testing, including 1994a, 1994b).

activated sludge, should be checked for toxicity. In . .
the Patapsco TRE, the RAS used in the RTA batchDOCumematmn and Reporting of Data

tests was found to be acutely toxicGodubia(Botts ~ BasiC Steps in a successful QA/QC program are the
et al., 1987). Steps for addressing RAS toxicity aredocumentation of the an_alytlcal data in meanmgful,
described in Section 5. Similarly, the reagents used irfXact térms, and reporting the analytical data in a

treatability testing such as chemical coagulants shoul@OPer form for future interpretation and use. To
be screened for toxicity. ensure the reliability of the data, its handling must be

periodically monitored and reviewed. This review
Field replicates, calibration standards, and analyticalgenerally consists of three elements: an assessment of
replicates should be routinely performed during RTA laboratory record-keeping procedures, a review of the
and treatability testing. Results of these quality data calculations, and a review of the final reported
control analyses can be used to calculate the precisiordata. On the basis of these review steps and the
accuracy, and the sensitivityedich physical/chemical QA/QC analyses for precision and accuracy, the data
analysis method used in these studies. are accepted or rejected. This review process is

essential because some or all records may have to be

Chemical Analyses . submitted for review by State or Federal regulatory
Quality control for chemical analyses includes the useagencies.

of calibration standards, replicate analyses, spiked

sample analyses, and performance standards. ThE€orrective Action

detection limits and the recommended reagents folProcedures should be established to ensure that
method calibration and spiking are discussed iNQA/QC problems such as improper sampling
USEPA’s Methods for Chemical Analysis of Water techniques, inadequate COC records, and poor
and WastegUSEPA, 1983b) an8tandard Methods  precision and accuracy results are promptly
for Examination of Water and Wastewa{&PHA, investigated and corrected. When a QA/QC
1995). General information on laboratory quality deficiency is noted, the cause of the condition should
control for chemical analyses is provided in USEPA's he determined and corrective action should be taken to
Handbook for Analytical Quality Controlin Water and preclude repetition.

Wastewater Laboratorief@JSEPA, 1979a).

68



Section 9
Health and Safety

Introduction It is the responsibility of the laboratory sample

A health and safety (H&S) plan may be necessary tofustodian to ensure that TRE samples are properly
establish policies and procedures to protect workerstored, handled, and discarded after use (see
from hazards posed by TRE sampling andlytical ~ Section 8). ~ Upon sample storage, the sample
activities. The general guidelines outlined in this custodian should indicate the H&S considerations for
section should be integrated into existing H&S Sample handling and disposal.

programs even if a specific H&S plan is not required. . .
Whether a specific H&S plan is necessary or not will Exposure to toxic and hazardous sample constituents
depend on the conditions under which the TRE isShould be minimized during sampling handling. The
being conducted. For example, if the POTW operatedrincipal routes of human exposure to toxics is via
under an RCRA permit by rule, then H&S must be inhalation, dermal absorption, and/or accidental

addressed when collecting and analyzing hazardou§gestion. Exposure can be minimized through the use
wastes. of proper laboratory safety equipment such as gloves,

laboratory aprons or coats, safety glasses, respirators,
Important considerations for H&S for TRE studies @nd laboratory hoods. Laboratory hoods are especially
include: important when testing wastewaters containing toxic

volatile substances such as volatile priority pollutant

« Identification of personnel responsible for H&S compounds, hydrogen sulfide, or hydrogen cyanide.

matters Proper dermal protection such as using neoprene
+ H&S information and training activities gloves for solvent-containing wastes also is important.
« Protective equipment required for TRE activities Laboratory managers should consult the
« Materials cleanup and disposal procedures manufacturers’ specifications in selecting appropriate
« Emergency response contingencies. clothing materials for protection against specific
chemicals.

Detailed information on the preparation and scope of
H&S plans is provided in the Occupational Safety andResidual wastewater samples and wastes generated
Health Administration’s (OSHA'spafety and Health ~ during TRE studies should be disposed of properly.

Standards, General IndustOSHA, 1976). The Residual municipal wastewater and other non-
following subsections discuss specific H&S hazardouswastes can be disposed directly into the sink

considerations for selected TRE activities. drain if the TRE is being conducted at the POTW.
Residual industrial samples and other wastes that may
Sample Collection and Handling contain hazardous materialosild be decontaminated

and/or disposed of in accordance widizdrdous waste

Working with waste streams of unknown composition regulations (NIOSH, 1977).

is inherent to TREs. Samples of industrial sewer
discharges, municipal wastewater, and sewage sludg

can contain a variety of toxic and hazardous materianRE_ I'\/Iethods'
(e.g., pathogens, carcinogens) at concentrations thappecific precautions to be followed for selected TRE

can be harmful to human health. techniques are described below.
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Toxicity Identification Procedures (TIE) Caution should be taken in the handling and disposal
USEPA’s TIE Phase | manuals (USEPA 1991a,of these chemicals.
1992a, 1996) address the general H&S concerns
involved in performing TIE testing. Ventilation is a Chemical Analyses
specific concern when performing the Phase | aeratiorSeveral reagents used for chemical-specific analyses
procedure. The aeration tebbsld be performed in  (e.g., priority pollutants, COD, etc.) are toxic or
laboratory hoods to prevent exposure to toxic volatilehazardous substances. Analysts should be familiar
compounds or pathogens resulting from aeration.  with safe handling procedures for all reagents used in

testing, including the practice of proper chemical
H&S considerations for aquatic toxicity testing are storage to avoid storing incompatible chemicals
addressed in USEPA's toxicity test manuals (USEPAtogether (NIOSH, 1977; OSHA, 1976). After use, the
1993c, 19944, 1994b, 1995). Special precautions neediaste chemicals should be converted into a less
to be taken for on-site mobile laboratories in the hazardous form in the laboratory before disposal or
handling and transportation of chemicals, supply ofdisposed of by a commercial disposal specialist.
adequate ventilation and safe electrical power, and
disposal of waste materials. General Precautions

USEPA (1977) and the American Chemistry Society
Refractory Toxicity Assessment and Treatability (1979) describe additional laboratory safety
Tests procedures that can be used in TRE studies, including:
Proper ventilation also is important when conducting
RTAs and treatability tests in the laboratory. Hoods « Use of safety and protective equipment such as
should be used to capture and vent potential volatile  eye protection (safety goggles, eye wash), fire
compounds that are stripped from the wastewater hazard protection (smoke and fire detectors, fire
during biological treatment tests. extinguishers), and electrical shock protection

(ground-fault interrupters for wet laboratories).
Physical/chemical treatability testing may involve the « Protocols for emergency response and materials
use of hazardous reagents such as acids or caustics. cleanup.
» Personnel training in H&S procedures.
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Section 10
Facilities and Equipment

Introduction work. In these situations, the equipment vendor may

Laboratories should be equipped with all the basic and*@ able to conduct the required tests at their facility.
specialized laboratory equipment required to conduct
the TRE, and laboratory personnel should be skilledThe general equipment requirements for each of the
and experienced in operating this equipment. TheMain TRE methods are summarized below. H&S
facilities and equipment needed to perform a TRE will €quipment is discussed in Section 9.
be different for each POTW and will depend on the
type of testing to be performed in the TRE. In general, TOXicity Identification Evaluations
the minimum facilities and equipment for initiating a Laboratories should be equipped with dtiipment
TRE will include the equipment needed for toxicity and materials needed to conduct the TIE, including
and TIE testing (USEPA 1991a, 1992a, 1993c, 1994afiltration and air-stripping equipment, pH and DO
1994b, 1996). As additional information becomes meters, C18 SPE columns, fluid metering pumps,
necessary, facility and equipment needs will dependrequired reagents for the TIE manipulations, and
on the physical/chemical characteristics of thefacilities for organism handling, water preparation,
causative toxicants and the toxicity control approachesample holding, and glassware cleaning. Equipment
to be evaluated. For example, the selection of benchrequirements for culturing standard test species are
scale equipment and/or pilot plant facilities for described in USEPA’s acute and chronic toxicity test
treatability studies will be dictated by the control manuals (USEPA 1993c, 1994a, 1994b, 1995).
options to be tested (e.g., physical/chemical processes
such as filtration or biological processes). More sophisticated analytical equipment is required
for the TIE Phase Il toxicant identification and TIE
The choice of whether to work on-site or off-site will Phase Il toxicant confirmation procedures. The
depend on the stage of the TRE, the approach fochoice of analytical instruments for these procedures
tracking sources of toxicants or toxicity, and the will depend on the compound to be measured.
requirements for treatability testing. In general, the EQuipment may include an analytical balance, a
equipment and time required for conducting TIE testsGC/MS, an HPLC, an atomic absorption (AA)
makes on-site testing less feasible. If the loss ofspectrometer, an inductively coupled plasma (ICP)
sample toxicity over time is minimal, TIE samples can spectrometer, an ultraviolet-visible spectrophotometer
be shipped and tested off-site, usually at much lesgUV-VIS), an ion chromatograph, ion selective
cost than on-site testing. If toxicity tracking using electrodes, a pH meter, a conductivity meter, and a
RTA tests is required, on-site testing is recommendedefractometer. Use of inert materials such as
for the treatment phase of the RTA, because frestperfluorocarbon plastics for TIE Phases Il dihdre
samples of the POTW RAS biomass must be usedtecommended to protect against toxicity artifacts
Treatability tests that require continuous supplies of(USEPA, 1991a).
POTW influent or process wastewaters and/or
activated sludge (i.e., flow-through bioreactor tests) -
also may be more efficiently conducted in on-site Refrathry Toxicity Assessment and
facilities. Some treatability evaluations require uniqueTreatab'“ty Tests
or sophisticated equipment (e.g., ultra-filtration Laboratories should be equipped with the basic
apparatus) that is not readily available for on-site €duipment for setting up and operating the RTA batch
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reactors, including an air supply, electrical supply, andculture the test organisms than to purchase them. In
a laboratory hood. Instruments for monitoring the some cases, rapid screening tests such as a bacterial
batch reactors include respirometer and/or oxygenbioluminescence test (e.g., Microfdxnay be used as
meter, pH meter, ion selective electrode meter anca surrogate method for toxicity testing (see the
probes, total TOC analyzer, spectrophotometer forBillerica, Massachusetts, case history in Appendix A).
COD and nutrient (e.g., ammonia and nitrate)
analyses. A drying oven, muffle furnace, and General Analytical Laboratory Equipment
analytical balance will be needed for TSS and VSSgeneral laboratory equipment such as refrigerators, a
measurements. water purification system, and commonly used
reagents are needed topport the TIE and RTA
The equipment for toxicity testing will depend on the analyses. The type of water purification system

choice of toxicity screening tests. Depending on theneeded for testing is described by USEPA (1993c,
species to be used, it may be more economical t9994a, 1994b, 1995).
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Section 11
Sample Collection and Handling

Introduction effluent sample is to be collected prior to or following
The most important criterion in sampling is to obtain the chlorination/dechlorination treatment process, the

a sample that is representative of the dischargechoice of a sampling location will depend on the
Several samples will need to be collected to ensurdoxicants of concern. Generally, sampling at the point
that the samples represent the typical toxicological and®f final discharge is the best option; however,
chemical quality of the wastewater. Guidelines for Sampling both before and after chlorination/
sample collection and handling are presented in the&lechlorination may help to determine if toxicity is
acute and chronic toxicity test manuals (USEPA caused by chlorination (i.e., TRC) or dechlorination.
1993c, 1994a, 1994b, 1995) and the Phase | TIE!f samples are collected following the chlorination
documents (USEPA 1991a, 1992a, 1996). The WEFProcess, free chlorine and TRC should be measured

also has published a useful guide to sampling atvhen sampling is completed and upon initiation of
POTWs (WEF, 1996). toxicity tests. These results will provide information

on the potential for chlorine toxicity.

A sampling plan should be prepared to document the . o _
procedures to be followed in TRE sampling. This plan\Wastewater sampling for toxicity source evaluations

should include: requires knowledge of sewer discharge locations.
Sampling may be conducted at the point of sewer

« A description of sampling locations discharge or within the sewers in the municipal sewer

« Sampling equipment and methodology collection system. The choice of sampling points for
+ Sample delivery requirements. sewer line tracking may be based on existing

pretreatment program data. If these data are not
These elements are discussed in the following@vailable, a sampling scheme can be devised to locate

subsections. QA/QC procedures for sampling areSOurces of toxicity by testing and eliminating segments
addressed in Section 8. Procedures include preparingf the collection system that prove to be non-toxic. In
COC forms, maintaining sampling equipment, and SOme cases, indirect dischargers may have multiple
identifying the minimum volume requirements, Sewer discharges that need to be included when
holding times, and preservation techniques forSampling.

samples. _ _ _

RTA testing requires samples of the POTW influent
Sampling Location (primary effluent) and activated sludge. Primary
Sampling locations should be established Whereeﬁ‘luent samples should be collected at the overflow

. . . weirs of the primary sedimentation tanks. Activated
representative samples can be readily obtained. When .
ludge samples can be collected from the aeration

sampling waste streams within the POTW, care shoul . . o

be taken to exclude unwanted waste streams and seli):?sm effluent weirs or the RAS pipelines.
a sampling point that is most representative of the .

discharge (e.g., the common discharge channel foPOTW Sampllng _

secondary clarifiers). The sampling location for the The choice of grab or composite samples of POTW
POTW effluent bould correspond with the Waste streams (i.e., effluent and influent wastewater
biomonitoring sampling point stated in the NPDES @nd process waste streams) will depend on the
permit. If the permit does not specify whether the physical/chemical characteristics and variability of the
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toxicants. Initial effluent toxicity characterization Volume requirements for POTW samples that are used
(TIE Phase 1) should utilize 24-hour composite in RTA tests are given in Section 5.
samples in order to ascertain the daily, weekly, or
seasonal variability of the causative agents. If effluentlf TIE or physical/chemical treatability testing is being
toxicity is not easily observed in 24-hour time conducted off-site, samplebBauld be shipped on ice
composites, flow propodinal composite or grab to maintain the sample temperature@®.4RTA and
samples may be used to observe possible flow-relatedome biological treatability tests require fresh or
peaks of toxicity. In the latter phases of the TIE, grabcontinuous samples of POTW waste streams, which
samples may be used to determine the variability in theequires testing to be conducted on-site. Samples of
type and concentration of effluent toxicants (USEPA RAS and activated sludge should be delivered to the
1991a, 1992a). A discussion of the use of grab versusn-site laboratory and used immediately in testing to
composite sampling for toxicity tests is provided by prevent changes in the biomass that can occur during
USEPA (USEPA 1993c, 1994a, 1994b, 1995). Thelong-term storage. Biomass samples should be
choice of sampling techniques for chemical-specific vigorously aerated for a minimum of 15 minutes
analyses is dependent on the type of compounds to bigefore use in the RTA or treatability tests. POTW
measured (e.g., grab sampling for volatile organicinfluent and process wastewater samples required for
compounds). on-site RTA or treatability studies should be used on
the day of sample collection.
When evaluating the treatment efficiency of the

POTW or its unit processes, collection of the influent Sewer Discharge Sampling

rhe choice of grab or composite samples of indirect

hydraulic retention time (HRT) of the treatment . . : .
i . discharges will depend on the physical/chemical
process in order to obtain comparable samples. For

example, ifthe HRT of the treatment plant is 20 hours,characterlstlcs and 'varlabl.llty of the toxicants. The
the effluent sampler should be timed to start 20 hour sample type also will be dictated by the stage of the

after influent sampling is initiated.  Likewise, %oxmlty source evaluation. In Tier | testing, 24-hour

. . . flow proportional composite samples are
sampling of wastewater from industries or sewers : . L .
, . .~ “recommended to characterize daily variability while
should account for the travel time in the collection

system (i.e., POTW influent sample collection should accou_ntmg for variations in flow. Flow pr_op_ortlongl
. . sampling should be scheduled to coincide with
lag industry sample collection).

production schedules for industrial discharges, the
frequency of intermittent inputs for RCRA discharges,

Samples also should be collected during representative S
discharge periods. An evaluation of the POTW and the schedule of remedial aittes for CERCLA

. . . discharges. This information is usually available in
operations and performance at the time of samplmg&he POTW's pretreatment broaram reports
can be made by comparing the effluent sample b brog pOrS.

concentrations of BOPTSS, and other pollutants to . . . .
- . Sampling techniques for flow proportional composites
long-term historical averages and/or permitted values X .
should account for the potential loss of volatile
for those parameters. .
compounds. For samples collected for chemical
Effluent samples are often collected, shipped, and® naly§|s or refractory toxicity testing, Z€r10 _headspa_ce
sampling methods can be used to minimize volatile

stored in plastic containers. However, some toxicantﬁOsses In some cases, grab sampling may be used in

h f lastic. A simple. .
such as surfactants may adsorb to plastic SIMPGie s of zero headspace methods to reduce sampling

way to check for this characteristic is to collect and ; : . :
. . . . osts; however, care should be exercised in collecting
ship samples in both glass and plastic containers, the X )
samples that are representative of the discharge.

test the samples for toxicity (USEPA, 1991a). A

greater loss of toxicity in plastic containers as . . . "
. - In Tier Il, grab sampling can be used in addition to
compared to glass containers may indicate the . . o
; composite sampling to assess the variability of the
presence of toxic surfactants. : . . . .
toxicants. This type of sampling requires in-depth

The sample volume requirements for TIE Phaseltesté(nOWIe{jge of the production schedules and the

are provided by USEPA (1991a, 1992a, 1996)_pretreatment operations of the discharger.
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