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ABSTRACT

Since the passage of the Mater Quality Act of 1987, biononitoring has been incorporated
into the National Pollutant Discharge Elimnation Systempermts for wastewater treatnent
plants. A Toxicity Reduction Evaluation (TRE) is required when the toxicity lints of the pennit
are repeatedly violated to determne the cause of the toxicity and to identify a corrective action.
Many nuni ci pal wastewater treatment plants have been required to conduct TREs and have
found themto be expensive and time-consum ng

A protocol was issued by the U S. Environmental Protection Agency (EPA) in 1988 to
provide gui dance to nunicipalities in conducting TRE assessnents. VWile several studies have
focused on the details of howto performa TRE, none has addressed the effectiveness of the
TRE in resolving toxicity problems. This study attenpted to do this by directly contacting 37
municipalities in EPA Region IV that had or are presently conducting TRES and questioning
themon their use of the EPA protocol. They were asked via a questionnaire to assess the
benefits of the protocol in identifying the toxicant and corrective action and to identify any
probl ens or concerns they had with the TRE process and the EPA protocol

Twenty-si x conpl eted questionnaires were received. The survey indicated that the
protocol has been successful in resolving acute toxicity problems but has had limted success and
more difficulties when dealing with chronic toxicity. The protocol is also Iess successful when
toxicity isinternttent or appears to result fromnultiple toxicants. Major conplaints about the
TRE process concern the cost and time required especial |y when tests are inconclusive. Vile
biomoni toring was noted as a useful indicator of effluent toxicity, several respondents believed

the protocol is not sufficiently developed to be used as an enforcement tool.
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I . I NTRODUCTI ON

A. BACKGROUND

In 1984, the U.S. Environmental Protection Agency (EPA) issued a new directive® which
called for the assessment of the toxicity of a wastewater treatment plant effluent based onits
effect on the biological |ife in the receiving stream This policy became |awwith the passage of
the Wter Quality Act of 1987" which stated that where numerical criteria were not available,
states coul d use biological monitoring or assessnent methods and was inplenented with the
incorporation of hiological testing into the National Pollutant Discharge Elimnation System
( NPDES) .

Specific permt requirenents for biomonitoring vary fromstate to state but principally
require examning the acute and chronic exposure of an aguatic species to various concentrations
of the treatnent plant effluent. Apermt is violated when there are repeated failures to meet
the water quality limts set inthe NPDES permt. More frequent testing of the effluent may be
required to confirmthe toxicity, followed by an order for a toxicity identification evaluation (TIE)
and/or a toxicity reduction evaluation (TRE).

Sinply stated, the TREis a plan to determne the cause for the failure to neet water
qual ity standards and to identify corrective actions to control the effluent at acceptable levels
In 1988, EPA issued a support document, "Toxicity Reduction Evaluation Protocol for Minicipa
Vst ewat er Treatment Plants" to provide guidance to publicly owned treatnent works (POTV)
in conducting TRE assessments. The docunent presents a detailed guide to aid in preparing
TRE plans, evaluating the information generated during the TRES, and devel oping a technica

basis for the selection and inplementation of toxicity control methods. Because each facility has
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different features, there is nosingle plan for a TRE Instead the protocol serves to identify the
principal objectives needed based on an overal| flowsheet of the TRE process.

A TIE can be performed as a stand-al one evaluation or as integral component of a TRE
The TIE specifical |y addresses aguatic toxicity by combining toxicity testing wth tests to
characterize the physical and chemcal nature of the constituents which cause toxicity (Phase | -
Toxicity Characterization), with tests to specifically identify the toxicants (Phase I - Causative
Toxicant Identification), and with tests to confirmthe presence of the suspected toxicants (Phase
11 - Causative Toxicant Confirmation). EPA issued protocols in 1988 that individually address
each of these phases.

Since the inclusion of the water quality-based lints in NPDES permts, nany
muni cipal ities have been required to conduct TRES. They have found that conducting a TRE
can be an expensive and time-consuring process. A single round of biological tests can cost in
the nei ghborhood of $2500 and a TRE can require years to complete. Many nunicipalities have
questioned the cost and effectiveness of the process especially when dealing with chronic toxicity
The studies performed to date by the EPA [aboratories have focused on the details of howto
performa TIE or TRE but have not addressed the effectiveness of the evaluations in resolving
toxicity problens.

In 1988 the Permts Division of the Cifice of Véter contacted all of the States and EPA
Regions in an attenpt to consolidate TRE information to assist permt writers in evaluating their
TRE plans and results. The report entitled "Abstracts of Toxicity Reduction Eval uations”
outlined twenty-three cases fi-omeight states. Cnly seven municipal facilities were included in
the report and because it was issued at approxinately the same tine as the municipal protocol
It did not address the effectiveness of the protocol. Efforts to update this nformation have been
suspended due to the cost and time required to identify and contact all facilities that have
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conpl eted a TRE.

Additional results of TRES have been noted in the EPA protocols, in wastewater industry
publ i cations, and at professional organization meetings. However, the information is generally
brief in nature without the detail needed to address the effectiveness of the TRE. Conplete
reports of the EPA case studies provide extensive information, but there are only a limted
nunber of these studies. Consultants who are hired to conduct TRES for nmunicipalities have
reported on TRES, but mainly report their experience ina summrized format or only as an ora
presentation because they do not have the incentive or possibly the permssion of the
muni cipalities to provide extensive reports. As a result, sufficient information either from EPA
or the open literature is not available to address how effective the protocols have beenin
| dentifying toxicants and corrective actions or to identify if there are common problens or

concerns that should be addressed in future EPA studies and protocol s

B. OBJECNhVES
The objectives of conducting this research were:
1. To devel op a questionnaire to exanne the use of the EPA 'Toxicity Reduction
Eval uation Protocol for Minicipal Wstewater Treatnent Plants" and assess how
beneficial the protocol has been inidentifying the toxicant and corrective action
and
2. To identify any common problens or concerns expressed by nunicipalities

concerning the TRE process and the EPA protocol
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I'l. LI TERATURE REVI EW

The water quality-based national policy issued by the EPA in 1984 called for a TRE
"where there was significant |ikeUhood of toxic effects to biota in the receiving water". A
protocol ™ for TRES at municipal treatment plants was developed to provide nethods and
procedures for (1) the design of a TRE (2) the development and review of a TRE plan, (3) the
evaluation of the results and data generated during the TRE, and (4) the devel opment of a sound
scientific and engineering basis for the selection and inplenentation of a toxicity control method
Because each facihty has different features, the protocol provides a flowchart (Figure 2.1) for a
TRE programand al lows the POTWto identify the principal conponents needed in their
pr ogr am

The first step ina TREis Information and Data Acquisition. Its purpose is to obtain
information about the operation and performance of the wastewater treatment plant (VWAWP)
and its pretreatnent program Specific information collected includes the treatnent plant's design
capabilities, treatnent performance, operation and maintenance practices, industrial waste surveys
and pretreatment monitoring and conplance reports.

Next a POTW Performance Evaluation (PPE) is conducted in an attenpt to identify and
correct treatnent deficiencies that may be responsible for all or part of the effluent toxicity. The
PFE involves a review of the major treatnent units using wastewater characterization data and
process operations informtion. Wen performed in conjunction with a TIE Phase | analysis, it
may identify options for inproving conventional pollutant treatment and for reducing effluent
toxicity.

[t the first two steps do not identify methods to reduce effluent toxicity to acceptable
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HGURE 2.1
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|evel s, the TRE proceeds to the TIE stage. The TIE is divided into three phases designed to
track toxicity by conbining analytical tests with toxicity tests. Phase | (Toxicity Characterization)*
consists of tests to characterize the physical and chemcal nature of the constituents which cause
toxicity. Phase | tests are relatively simple tests that involve systematically removing or rendering
inert groups of toxicants with simlar physical/chemcal characteristics (eg. metals, nonpolar
organi s, amonia, chlorine). By conparing the treated sanple toxicity to the untreated sample
toxicity, types of compounds causing toxicity may be identified. Specific tests include toxicity
degradation, aeration, filtration, Cg solid phase extraction, pH adjustment, oxidant reduction
EDTA chel ation, and graduated pH treatments. Phase | results are intended as a first stepina
specific identification of a toxicants but can be used to develop treatability studies if the tests
adequat el y characterize the toxicants.

TIE Phase |1 (Causative Toxicant Identification) includes specific test methods to further
| dentify specific causative agents such as non-polar organic compounds (NPQ), ammonia, cationic
metals, and chlorine. Phase Il may require the use of high pressure [iquid chromatography
(HPLG) colums to separate the toxicants into fractions if non-polar organic conpounds are
suspected. The fractions are then subjected to gas chromatography/ mss spectrometry (GO M)
procedures to identify specific toxicants. Cther toxic specific separation and identification
met hods may al so be required depending on the results from Phase I.

Confirmation of the suspected toxicants is then attenpted in TIE Phase I11 (Causative
Toxi cant Confirmation). This phase includes observation of test organisms Synptons, additiona
species toxicity testing, and correlation of toxicity and toxicant concentration frommultiple
sanpl es.

The original TIE protocols developed in the 1980s addressed only acute toxicity. Revised

TIE protocol s specifically addressing chronic toxicity were issued in Septenber of 1992.% The
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documents were prepared based on experience with Ceriodaphnia dubia and Pinephal es pronel as
(fathead mnnows) as the test organisns. The new protocols also attenpt to reduce toxicity
testing time, provide more detail on the identification of toxicants, and provide more guidance
on the confirmation of hidden toxicants which are non-additive or partially additive.

Fol l'owing toxicant identificationin the TIE the facility can choose to conduct either a
Toxicity Source Evaluation (TSE), a POTWIn-Plant Control Evaluation or both. The choice
depends on whether the toxicant is expected to be found at a single source or distributed
throughout the sewer system A TSE would be used when a single source i s suspected to confirm
toxicity which could be reduced through a pretreatment program An In-Plant Control Evaluation
I's used when the toxicant is suspected to be distributed throughout the sewer systemwhich woul d
more likely require toxicity reduction at the treatment plant.

The TSE i's perforned in a two-tiered approach. In Tier |, wastewater at various points
inthe sewer systemis sanpled and analyzed for toxics and/or toxicity. In Tier |1, additiona
testing i s performed to confirmsuspected sources of toxicity identified inthe Tier | evaluation
Both tiers of the TSE use a refractory toxicity assessment (RTA) which involves treating the
sewer sanples in aerobic batch hioreactors and testing the resulting effluents for toxicity. After
confirmation of the identity of a toxic discharger, pretreatment programoptions can be
consi der ed.

An In-Plant Control Evaluation has the objective of selecting and eval uating feasible
treatnent options for the reduction of toxicity at the plant. Treatment options are selected based
on the data gathered in the PPE and TIE and on the knowl edge of treatment process operations.
The treatment options can be enhancement of the existing plant processes or the addition of new
treatment processes to the plant. Bench-scale or pilot-scale treatabihty studies are then

conducted sinulating the treatnent options selected and are combined with toxicity testing and
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possibly TIE Phase | testing to evaluate the removal of the toxicants.

To conpl ete the TRE process, the data collected fromall the prior TRE steps are
summari zed and reviewed. The toxicity control methods and technol ogies are then selected for
inplenentation using the criteria recommended in the protocol

Few exanpl es of the use of municipal TRES in solving toxicity problens are found in the

literature. Mst of those that are available were conducted hefore the EPA protocol was issued
and, therefore, do not reflect the effectiveness of the protocol in solving toxicity problens.

Nei heisel* studied influents and effluents at six Chio nunicipal wastewater treatnent
plants to evaluate the inmportance of wastewater sources on influent toxicity and on the toxicity
reduction produced by the municipal wastewater treatments. The plants selected received
wast ewat er from domestic/comercial sources and from donestic/comercial plus industria
sources. The survey revealed that chronic toxicity as measured by Ceriodaphnia and sub-chronic
toxicity as neasured by fathead mnnow occurred in all raw wastewater and that the toxicity of
the raw wastewater fromthe domestic/commercial sources and fromthe domestic/conmercial plus
industrial sources was substantially sinilar. BOD and solids removal was efficient inall plants but
toxicity reduction by conventional primary-activated sludge treatment was highly variable. The
level of toxicity reduction and toxic pass-through at the municipal plants did not correlate strongly
with the presence or absence of industrial wastewater sources

O the six WMPs, the City of Akron Botzum WATP received the most toxic influent
wast ewat er. Although it achieved significant toxicity reduction, a biological inpact assessnent
of the Cuyahoga River revealed a severe inpact on the aquatic communities downstreamof the
plant. On the basis of this assessnent, it was selected for a toxicity reduction evaluation that was
sunmarized by Botts'. A TIE was conducted and indicated the toxicity was caused by a non-

pol ar organi ¢ conpound or a combination of non-polar organic conpounds. Metals were also
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identified as possible toxicants. Monitoring of the effluent was continued, but no correction
action was taken because the acute effluent toxicity abruptly ended in the summer of 1986
Several reasons for the elimnation of the toxicity were proposed including the termnation of
di scharge by a large chenical manufacturer.

Logue™ conducted a 15-month study to identify sources of toxicity in a Jacksonville,
Rorida collection system Bioassays performed on the Buckman WATP between 1979 and 1984
had shown the effluent to be consistently toxic. The approach chosen for the TRE was a generic
toxicity treatability procedure to trace toxicity through the collection system This nethod was
believed to be attractive since it would lead to modifications in the sewer ordinance code or
pretreatnent permts, thus placing the burden for reducing toxicity directly on dischargers

Sanpl es fromten stations in the collection systemwere obtained and treated in hatch
activated sludge reactors using return activated sludge fromthe Buckman plant. Toxicity was
determned on sanples before and after treatment hased on Daphnia pulex mortality after 48-
hours. Both residential and industrial wastewaters exhibited toxicity, but biological treatment
conpletely detoxified the residential wastewater while only partially reducing the toxicity of
industrial wastewaters. The authors believed this study supported the use of toxicity screening
as a useful tool in the identification of contributors of toxicants, but did not indicate if or how
the results has been used to reduce toxicity at the Buckman plant

EPA's Office of Water™ surveyed all states and EPA Regions to find exanples of
successful TRES fromboth industries and municipalities. The survey revealed that most states
had not progressed in the inplenentation of the whole effluent toxicity limts to the point at
whi ch TREs had been conpleted. State files were obtained fromCalifornia (San Francisco Bay
Region), Delaware, Maryland, New Jersey, North Carolina, and Virginia. In addition, the EPA

Environmental Research Laboratory in Duluth, Mnnesota, provided reports of the TIES they had
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conducted while devel oping the TIE protocol. A summary of the infornation provided fromthe

muni ci pal wastewater treatment plant TRES is shown in Table 2. 1.

10
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TABLE 2.1

MUNI CI PALI TI ES THAT CONDUCTED A TRE | N EPA STUDY

Hol | ywood, FL

Toxicity - Acute

Year Conducted - 1986

TIE conducted by EPA Duluth.  Solid phase extraction col um suggested non-pol ar
organics. GC-MSrevealed diazinon.  Tests conducted in 1987 and 1988 gave simlar

results

Las Vegas, NV

Toxicity - Acute
Year Conducted - 1986, 1987

TIE conducted by EPA Duluth.  Solid phase extraction colum suggested non-pol ar
organics. GC-MS reveal ed dichlorvos and diazinon

Col unbus. NC

Toxicity - Acute and Chronic

Year Conducted - 1987

TI'E conducted by Burlington Research, Incorporated. Solid phase extraction colum
suggest ed non-pol ar organics. 90%of influent was froma textile mll.  Akyl pheny
ethoxyl ates and benzyl trimethyl ammonium chloride used as process chemcals by the
textile mll were suspected. Further work was needed.

Favetteville. NC (Cross Creek)

H gh

Toxicity - Chronic
Year Conducted - 1988

Failure was attributed to continuous dosing of cationic polyners to secondary clarifiers

Point. NC (Eastside)

Toxicity - Acute and Chronic

Year Conducted - 1987

Burlington Research, Incorporated used EPA Toxicity Characterization Bioassay
Procedure but could not identify toxicant. Gty banned industrial user discharge of
chlorinated hydrocarbons and allg" phenol's which were identified by BRI as a major
contributor of toxicity. Toxicity tests were passed after the ban

Jefferson. NC

Toxicity - Acute
Year Conducted - 1987

Burlington Research, Incorporated conducted a toxicitr reduction evaluation.  BR

recomended the reduction of alkyl phenol ethoxylates along with nodifications to new
VW P.

11
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TABLE 2.1 ( CONTI NUED)

M. Airy. NC
Toxicity - Acute
Year Conducted - 1986
Plant serves town and 14 textile plants.  Extensive chemcal analysis provided a [ist of
suspect chemcals. Gty issued a ban on chlorinated hydrocarbons, phthalate conpounds,
and al kyl phenol conpounds and adopted local limts on copper and zinc for non
domestic users. Toxicity was reduced hut not elim nated.

12
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The most extensive data avalabl e on nunicipal TREs are fromthe EPA case studies at
the Patapsco WMP in Baltimore, Maryland, at the Linden Roselle Sewerage Authority WATP
in Linden, New Jersey, and at the Cross Creek WAMP in Fayetteville, North Carolina.

One of the first case histories of a toxics management programat a nunicipal wastewater
treatment plant was the Patapsco WAP study sunmarized by Botts”®. The study was initiated
as a cooperative agreement between the Gty of Baltinore and the EPA in April of 1986 and
conpleted in September of 1987. Patapsco was selected hased on the wide range of industria
contributions to its influent, which would provide an opportunity to evaluate the TRE procedures
under conditions where identification of a single toxicity source was unlikely, and because of the
evidence of toxic inhibition and toxic pass-through at the plant. The plant was also considered
a good |ocation because the personnel were experienced with toxicity nonitoring

The study included a conventional evaluation (suspended solids, BOD, COD, and
nutrients) of the two influent wastestreans, a conventional evaluation of the primary and
secondary effluents, a review of plant operating data, in-plant acute and chronic toxicity
measurenents, and a TIE based on the Anderson-Camahan and Mount" procedure available
at that time. Ceriodaphnia dubia, nysidopsis bahia, and Mcrotox™ were used to assess acute
toxicity while only Ceriodaphnia dubia was used for chronic toxicity testing.

The study indicated that the Patapsco WATP performance as measured by conventiona
anal yses was good during the period the TRE was conducted. Evaluation of the wastewater
indicated that the influent was toxic and that although secondary treatment resulted in a mgjor
reduction of acute and chronic toxicity, substantial acute and chronic toxicity remained fol | ow ng
secondary treatment. The TIE foind the primry conponents of toxicity to be non-pol ar
organics, but the GUM analysis of the NPO fractions was unable to confirmthe presence of

the specific organic conpounds causing the toxicity. Conpounds removed by volatilization and

13
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amoni a were al so found to contribute [esser amunts of toxicity.

During the study, a toxicity treatability method was devel oped to screen the potentia
sources of wastewater toxicity entering the treatment plant using batch tests of selected source
wast ewaters with Patapsco WAMP activated sludge. The procedure was found to be an effective

tool for identifying and ranking possible toxicity contributors and for identifying industria

dischargers that interfere with biological treatment at the treatment plant. No changes to the
treatnent plant were recomended pending a further investigation to characterize the effects of
the effluent toxicity on the Patapsco River estuary.

Morris™ provides a summary of the TRE activities at the Linden Roselle Sewerage
Authority (LRSA) WMP in Linden, NJ. The plant had provided good treatment performance
for conventional pollutants but the effluent was acutely toxic to Msidopsis bahia. Msidopsis
bahi a was used because in biomonitoring because the treatment plant discharges to the Atlantic
Ccean. However, the TRE was conducted using Ceriodaphnia dubia as a surrogate freshwater
test species because nysids are considered too costly and conplex to use in the TIE anal yses

TIE Phase | results suggested that toxicity to Ceriodaphnia was associated wth ammoni a-
type conpounds and non-pol ar organi ¢ conpounds. Phase 11 results indicated ammonia coul d
account for a significant portion of the whole effluent toxicity. The TIE NPO anal yses indicated
a variety of NPGs including organophosphate and benzene conpounds. Surfactants were al so
suggested in one sanple. Results also indicated that acute toxicity in the LRSA effluent is
variable and that ammonia can mask the effect of other toxicants. Neither ammonia treatments
nor NPO treatments alone consistently elinnated effluent toxicity.

For the EPA case study, one of the primary objectives of was an eval uation of the
Refractory Toxicity Assessment (RTA) approach for tracing sources of effluent toxicity. A RTA

simlates the biological treatment provided by the treatment plant using bench-scale, batch

14
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reactors and then uses toxicity tests on the effluent to evaluate whether the WWMP will
adequatel y reduce toxicity. Samples taken fromselected manhol es and industrial discharges in
the sewer systemwere eval uated and potential sources of pass-through toxicity were found

Chemi cal - specific anal yses were used to identify and confirmthe presence of ammonia fromthe
industrial sources. Process chemcal lists frompossible industrial contributors were conpared with
the TIE NPO anal yses to identify sources of NPO toxicity.

Information on the causes, sources, and treatments of the LRSA effluent toxicity is
currently under evaluation. Source controls may involve pretreatment linits on anmonia or
toxicity-based pretreatment limts for NPGs. In-plant treatment controls such as biol ogica
nitrification, air stripping, and selective ion exchange are al so being considered

Bott s"" docunented the EPA case study at the Cross Creek WATP in Fayetteville, NC
The treatnent plant effluent met NPDES requirements for conventional pollution treatment but
was acutely toxic to Ceriodaphnia dubia. The goal of the study was to evaluate the EPA
Muni ci pal Protocol and to refine the protocol based on the experience. The TRE at Cross Creek
included all of the primary steps reconmended for a nunicipal TRE: a plant performnce
evaluation, a pretreatment programreview a toxicity identification evaluation, and a toxicity
source eval uati on

The plant performance eval uation found the plant to be general Iy operating within design
specifications and not contributing to the acute effluent toxicity. Review of the pretreatnent
programdid not reveal any major toxicity sources based on conventional or priority pollutants
Useful information was obtained about the dischargers to the collection systemand hel ped
identify sanpling points for the toxicity source eval uation

Fromthe TIE, Phase | indicated that non-polar organic conpounds were causing the

myjority of the acute effluent toxicity to Ceriodaphnia. Phase Il further identified the pesticide

15
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diazinon as the prinary cause of effluent toxicity with other non-polar organics also contributing
to toxicity.

The TSE conducted during the case study used a two-tier approach. The first tier
included an assessment of the techniques for tracing sources of refractory toxicity while the
second tier |ooked for specific chemcals. As part of the Tier | TSE a calibration study was first
conducted to determine the operating conditions for the refractory toxicity assessnent test
Sections of the wastewater collection systemwere evaluated for potential sources of refractory
toxicity using bench-scale bioreactors with Cross Creek WWP activated sludge. The RTA test
results indicated none of the locations stood out as consistent sources of acute refractory toxicity

The chem cal specific source evaluation (CSSE) surveyed diazinon throughout the
col [ ection system Diazinon was found to be distributed widely throughout the collection system
wi th higher concentrations in residential areas. However, the diazinon did not consistently
account for all the observed acute toxicity during the CSSE

Toxi ¢ control options were investigated and indicated that control of diazinon would be
difficult because of its wide-spread use and |ow concentrations. Treatnments for diazinon were
found to be linmted to several untested, experinental methods. The nost practical nethod for
control of diazinon was believed to be to reduce the usage of diazinon by educating the public
of the problemand requesting their assistance

The case study concluded that all the initial elements of a TRE are inportant and provide
clues to the causes and sources of toxicity. Each conmponent eval uation should be used in
conjunction with other test results in order to obtain an accurate assessment of the variability
nature and sources of the substances causing acute whole effluent toxicity.

Case studies were conducted in North Carolina st Hgh Point and Fayetteville using the

TIE and TSE protocols.*  The objectives of the studies were to apply the TIE and TSE
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protocol s to cases where pass-through toxicity was highly variable, and to investigate the potentia
for return activated sludge to desorb compounds that may cause acute toxicity.

The studies at Hgh Point Westside WMP pointed out the difficulty in identifying
sources or the nature of toxicity when events are sporadic. During the course of research from
Cctober 1987 to April 1988, the acute toxicity events |essened in frequency thus making it
inpossible to anticipate when to collect whole effluent sanples. One significant, acute toxic
sampl e was collected. The TIE Phase | and Il tests identified nickel as the cause of toxicity. This
was confirmed by review ng plant data which indicated high nickel |evels when the sanple was
t aken.

Four TIEs were conducted on effluent fromthe Fayetteville Cross Creek WMP. In al
cases toxicity was conpletely removed using the Gg SPE colums. Two RTAs were conduct ed
using acute toxicity as the end point and testing five inportant industrial contributors to the
Fayetteville plant in an attenpt to track the source of toxicity. Three of the industries were
identified as contributing to pass-through toxicity but attenpts to isolate the effect of each in a
synthetic wastewater failed because of interference fi"ombiomass toxicity

The work concluded with the study of biomass toxicity at three wastewater treatment
plants. Return activated sludge was centrifuged and toxicity measured on the centrate. In two

of the three cases, the centrate was found to be greater than the toxicity of the whole effluent
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. MVETHODS

The objectives of this project centered on obtaining information about the TRE process
directly fromnunicipal treatment plants. The first step was to develop a questionnaire that

woul d adequately survey all areas necessary to evaluate the TRE process. Table 3.1 outlines the
information considered to be inportant.

Plant operation information was requested to characterize the type of plants experiencing
toxicity problems. Information on biononitoring was desired to provide data on the nature of
the toxicity experienced. The mgjority of the survey was designed to deal with the plant's TRE
experience as defined by the conponents of a TRE listed in the EPA protocol. Each conponent
was defined to help focus on the outcome of the task and to help the respondents, who in many
cases do not personal |y performthe TRE, identify whether the activity was conpleted and if it
was beneficial. Finally, the goals of a TRE, the identification of toxicant and a correction action
were addressed. The questionnaire devel oped i s shown in Appendix A

After devel oping the questionnaire, the next step was to identify POTW that had
conducted TREs. The scope of this project was limted to an EPA Region rather than to the
entire country because of funding and time |imtations. Region IV was chosen because it has
been a | eader in the inplementation of the TRE and therefore would provide a |arger database
than the other regions. Mreover, a better response was expected because we were |ocated in
this region.

In Region IV, all states except Florida admnister the NPDES program The states of
Al abama, Georgia, Kentucky, Mssissippi, North Carolina, South Carolina, and Tennessee and the

EPA Region IV office in Atlanta, Georgia were contacted to provide a list of mxmicipalities that
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TABLE 3.1

I NFORVATI ON TO OBTAI N FROM TOXI Cl TY REDUCTI ON SURVEY

General |nformation:
POTW Pl ant Locati on
POTW Pl ant Nane

Contact person at POTW

Plant Qperation Information:
Plant flow rate

Estimate of influent sources

(industrial vs nunicipal)
Type of treatment system before TRE

Bi omoni torinp Test |nformation:
Whol e effluent toxicity limts
Type of tests required (acute or chronic)
Speci es used
Frequency of testing
Who perforns biononitoring tests
Report of results (how detail ed)

TRE/ TIE | nformati on:
Condition that mandated TRE
Start and end dates of TRE

Who performed TRE
Results of TRE nunicipal protocol conponents and
how useful in correcting problem

Information and Data Acquisition
Per f or mance Eval uati on

|'ib Phase | - Toxic Characterization
TIE Phase Il - Toxic ldentification
TIE Phase 111 - Toxic Confirmation

Toxicity Source Eval uation
POTW I n- Pl ant Control Eval uation

Corrective Action:

Toxicant identified
How toxicity was reduced using information from TRE/ TIE
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LSS = NG SO g IS - T

had conducted TREs. Several states did not provide sources. The State of Mssissippi indicated
that they have only recently begun biomonitoring of nunicipal treatment plants and that the
bi omonitoring is only perfornmed at facilities that have industrial input. The state of South
Carolina did not have any facilities that had proceeded to the latter stages of the TRE The state
of Georgia also did not have any facilities inthe latter stages of the TRE The result of these
contacts with state and EPA Region IV personnel was a list of 37 nunicipal wastewater treatnent
organi zati ons that were under orders to conduct TREs. -

After identifying the WWPs, attenpts were made to contract the POTW by tel ephone
to express the purpose of the project, to request their participation, and to ensure the
questionnaire woul d be sent to the proper person. This personal contact was inportant to
encourage the participation in the survey. A copy of the questionnaire along with a cover letter
reiterating its purpose was then sent to each facilities

In addition, the state of North Carolina identifled several facilities that had experienced
a reduction in toxicity after construction projects even though the projects had not been designed
specifically to address toxicity. Wile not specifically related to the TRE protocol, the experience
of these WAMPs could still be inportant in addressing corrective actions to toxicity problens.
Thus, information was obtained fromthese facilities by telephone but the questionnaire on

conducting a TRE was not relevant.
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V. RESULTS

A NORTH CARCLI NA TELEPHONE SURVEY

In discussions with the North Carolina Departnent of Environmental Management, four
muni ci pal treatment plants were identified that had not undergone a TRE but had seen a
reduction in toxicity after construction projects were conpleted. These facilities were at Ashboro
Benson, and H gh Point (Eastside and Wstside). Each was contacted during the sumer of 1992
and asked what processes or capabilities the construction project had added to the treatment
plant.

I'n Ashboro, the plant treats an influent that is 75%industrial and includes flow from
battery manufacturing, metal finishing, and textile manufacturing at an average flow of 4.7 MD.
The plant effluent was found to exhibit toxicity prior to the start of a major construction project
Because the project was akeady planned, the state agreed to allow the facility to conduct bench-
scal e tests based on their new treatment plant train rather than requiring a conplete TRE The
existing plant consisted of bar screens, grit chanbers, a trickling filter, secondary clarification
chlorination, and final aeration. The construction project was aimed primarily at increasing the
capacity of the plant from4 to 6 MD but al so added nitrification capability to the plant using
an extended aeration process that the plant personnel referred to as the Schreibel process
Dechlorination is not included in the plant

Testing after construction confirmed the reduction in toxicity shown in the bench-scale
studies. The source of toxicity could be speculated to have been amonia which is nore
effectively converted to nitrate in an extended aeration nitrification process than with a trickling

filter process. Toxicity due to inadequate biological treatment capacity mght also be indicated
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because the capacity increase also increased the biodegradation capacity of the plant.

In Benson, the utility was aware that their effluent was toxic and had attenpted to identify
the toxicant but their TIE tests were inconclusive. The construction project was initiated to
increase capacity of the plant from0.83 M to 1.5 M&. Toxicity reduction was not
consi dered in the project. The processes in the plant consists of bar screens, grit chanbers, and
oxidation ditch, secondary clarifiers, mlti-media filters, chlorination, dechlorination, and
reaeration. No new treatnment processes were added in the construction. Testing after
construction showed a reduction in toxicity. Inadequate biological treatment capacity would be
indicated as the cause of toxicity because only capacity was increased and no new processes were
added to the plant.

The Eastside and Westside plants in Hgh Point were upgraded primarily to increase
capacity. These plants had previously experienced problens with surfactants fromthe textile
industries in the area and had requested the industries to change the type of surfactants used
Both plants enploy the activated sludge process for biological treatnent. The construction
projects increased capacity of the existing processes and added sand filters after the secondary
clarifiers. The Westside plant which is smaller and receives most of the chemcal manufacture
discharge but has passed all biononitoring tests since the construction. The |arger Eastside plant
initially passed biomonitoring tests but has recently failed these tests. The toxicity problemis
being investigated, but they have not been required to conduct a TRE It is suspected that the
return in toxicity may be due to industries using the banned surfactants. In addition to the known
toxic surfactants which were banned by the city, toxicity prior to construction may have been
caused by inadequate biological treatment because capacity was increased in the project or by

suspended solids which are being nore effectively removed with the addition of sand filters to the

treatment train.
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B. TOXI ClI TY REDUCTI ON SURVEY

A questionnaire was sent to 37 POTW in EPA Region IV in June of 1992. O these 37
facilities, 18 were successfully contacted by telephone to request their participation. Replies were
received from23 of the 37 contacts for a response rate of 62% Two of the nunicipalities

indicated that they no |onger exhibited toxicity problems. In one of these cases, it was believed

that the initial biononitoring test results had been inaccurate because subsequent biononitoring
by a more experienced |aboratory indicated the plant effluent passed the NPDES permit linits.
In the case of the second municipality, effluent toxicity was reduced due to a recent plant
upgrade. Four of the nunicipalities had more than one facility with toxicity problenms and
conpl eted nore than one questionnaire. Atotal of 26 questionnaires were received. Table 4.1
sunmarizes the response rate to the survey.

The distribution of responses fromthe individual states in Region IV is shown in Figure
4.1. The largest participation was fromKentucky (38%, which also had the most POTVé
contacted, followed by Florida (31%, North Carolina (15%, Al abama (12%, and Tennessee
(4% . As was previously noted, questionnaires were not sent to Georgia, M ssissippi, or South
Carol i na.

The first section of the questionnaire requested general information about the treatnent
plant in order to characterize the respondents. The distribution of treatment plant size is shown
inFigure 4.2. Wile most of the respondents (69% fell in the mediumsize plant range of 1-10
M, toxicity was found to be experienced at all plant sizes.

An estimate of industrial input to the plant was also requested (Figure 4.3). For the
purpose of this study a plant was considered to receive a "mjor" industrial input if the industrial
flow contribution was greater than 10%and a "mnor" industrial input if the industrial flow

contribution was ess than 10% The majority of the respondents received industrial discharges
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TABLE 4.1

RESPONSE TO POTW TOXI CI TY REDUCTI ON SURVEY

Tot al Nunber of Surveys Sent 37
POTW Cont acted by Phone 18
POTW Cont acted by Phone that Replied 16
Tot al Nunmber of Replies 23
Per cent age of POTWs that Replied 62%

POTW No Longer Conducting TRE 2

POTW Conpl eting >1 Survey 4
Tot al Nunber of Conpl eted Surveys 26
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FIGURE 4.1
States Represented in TRE Survey

No questionnaires were sent to GA M5 or SC

FI GURE 4.2
Plant Size of Survey Respondents

<1l MGED
8%

1-10 MGD
>10MGD 69%
23%

Smal| - <1 MD Medi um -1-10 MD Large - >10 M
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FI GURE 4. 3
| ndustri al \WAst ewat er Sources

None
12%
Maj or
38%
M nor
50%
Mnor - 0-10%of Flow, Myj or - >10%of F ow
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TABLE 4. 2

SOQURCES OF | NDUSTRL\ L | NPUT

Textiles Metal Finishing or Plating
Printi ng Chem cal Mnuf acture
I ndustrial Laundry Food Processing

Pul p and Paper Lead Battery Manufacture
Pai nt Manuf acture G oundwat er Renedi ati on

Dai ry Products Photo Processing
El ectrical and Electronic

Conponent Manuf acture
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(88% with 50% having mnor (0-10%of the flow) industrial input and 38% having maj or
(>10%f the flow) industrial input. Some of the sources of industrial discharges are shown in
Table 4.2. Avariety of sources were identified. Several of the sources were common to a
nunber of the plants but seemed nore to reflect the industrial hase of the state (such as textiles
in North Carolina) rather than one industry as causing nore toxicity problens.

The second section of the questionnaire addressed the quality of the pre-TRE treatment
systems. Figure 4.4 shows a breakdown of the secondary biological treatment systems used by the
respondents. Mbst of the treatment plants (72.3% had suspended growth systens. The
suspended growth systems identified were activated sludge with mechanical aeration (31.0%,
activated sludge with diffused aeration (20.7%, activated sludge using pure oxygen (10.3%, and
oxidation ditch (10.3%. Attached growth systems were also represented and consisted of rotating
biological contactors (RBC) (20.7% and trickling filters (6.9%. Wile the type of biological
treatment varied, the survey indicated that all the plants had what woul d be considered
conventional secondary treatment and that toxicity problems were seen in several types of
bi ol ogi cal treatnent systens.

Advanced treatment was also found at some of the treatment plants at noted in Figure
4.5. Nitrification processes were present at 46%of the plants, denitrification at 8% and
phosphorous renoval at 27% N neteen percent of the plants had sand filters and 8% had dual
media filters. Amgjority of the plants (77% also dechlorinated the effluent prior to discharge.
These results indicated that the addition of an advanced treatment processes to a conventional

plant does not ensure the elimnation of toxicity.
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c " 40

FIGURE 4.4
Biol ogi cal Treatment Systems at Surveyed Plants

Trickling Filter

Oxidation Ditch
10%
AS (Mech Aeration)
30%

AS (w Oxygen)
13%

AS (Diffused

Aeration)
20%

FI GURE 4.5
Advanced Treatnment Sytenms at Surveyed Plants

[ P 1-

Nitrification Pl i osphor us Denitrification Sand Filters Dual Media Dechl orination
Renoval Filters

Treatment System
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Next the questionnaire requested information about routine biomonitoring. Figure 4.6
shows a breakdown of the species used to monitor toxicity. The predomnant species used was
Ceriodaphnia (48% followed by the fathead mnnow (26%. Msid shrinp (11% was used in
areas of Florida where the plant effluent discharges into brackish water. Qher species included
Daphnia pul ex and Menidia beryllina (inland silverside). Mst of the respondents (81% do not

have |aboratory facilities for bionmonitoring and instead contract this work to comercia

| aborat or i es.

The EPA Permit Witer's Quide" states there is generally no reason to nmix two types
of nonitoring for the same outfall and that the permt limts should be derived fromthe test
acute or chronic, which provides the most restrictive performance level. Many of the
respondents, however, have both acute and chronic [ints in their permts. Table 4.3 [ists the
specific acute and chronic limts reported by the respondents. The types of toxicity exhibited at
the POTW is shown in Figure 4.7 with 39% experiencing only acute toxicity, 37% experiencing
only chronic toxicity, and 24% experiencing hoth acute and chronic toxicity

The remainder of the questionnaire dealt with the TRE experience. Time devoted to the
TRE process by the respondents varied fromfour nonths to over four years. Eighty-nine percent
of respondents had hired consultants to performthe TRE. Because revised TIE protocol s
specifical |y addressing chronic toxicity were issued after the questionnaire, the responses on
experience with the TIE reflect the original protocol which only addresses acute toxicity

The objective of each TRE conponent as identified in the EPA protocol was defined and
then fol lowed by questions pertaining to whether the step had been conpleted and whether a
toxicant or corrective action had been identified by performng that step. Table 4.4 summarizes
the results of the TRE protocol section of the survey.

The final questions dealt with the most inportant objectives of a TRE that is, whether
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FI GURE 4. 6

Species Used to Mnitor Toxicity

Cer i odaphni a a hif
48% 15%
Mysid Shrinp
11%

Fat head M nnow
26%

FI GURE 4.7

Type O Toxicity Exhibited

Bot h
Acute Only 240
39%
Chronic Only
37%

31


NEATPAGEINFO:id=D2A8DC73-ED48-439E-8948-D65A34F77E2C


TABLE 4. 3
REPORTED ACUTE AND CHRONIC TOXICI TY LIMTS

Acute Limts: LC50 50%in 96 hours

100%in % hours (2 POTV$)
100%in 48 hours

50%in 48 hours (2 POTV)
50%in 24 hours

Chronic Linmts: TU, 1.0
LI

NCEL 100%in 7 days (5 POTVé)
91%in 7 days
89%in 7 days

99% Pass/ Fail Mni-Chronic (2 POTV)
72% Pass/ Fai |l M ni - Chronic

4% Pass/ Fail Mni-Chronic

NOEC  8%in 7 days

100%in 7 days (2 POTVé)
83%in 7 days

32


NEATPAGEINFO:id=8A111AB8-BEEF-4E06-B8DE-167142CBF835


TABLE 4. 4

SUMVARY OF EXPERI ENCE W TH TRE COVPONENTS

Nunmber of Number of

Nunber of Pl ants t hat Pl ants t hat
Pl ants that Identified I dentified
TRE Conpl et ed Toxi cant Action
Conponent Step In step In step
I nformation and 16 1 4
Data Acquisition
Per f or mance 12 3 0
Eval uati on
TIE - Toxicant 16 8 1
Characterization
TIE - Toxi cant 10 8 0
I dentification
TIE - Toxicant 6 6 0
Confirmation
Toxicity Source 9 3 2
Eval uati on
I n- Pl ant 7 0 4

Control Eval uation
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the toxicants were successfully identified and whether corrective actions were identified by the
process. A toxicant had been identified in 13 of the 26 surveys. The toxicants identified are
shown in Figure 4.8. The most common toxicant identified by the TRE was diazinon, a commonly
used organophosphate insecticide, which was found in 54%of the cases. It should be noted that
in half of these cases diazinon was suspected by the environnental officials and the WATPs
weredi rected to proceed to the TIE phase and ook specifically for diazinon. Thus in these
instances, the TIE was biased toward an a priori assunption that diazinon was the cause of
toxi city.

Corrective actions were identified in 14 of the 26 conpleted surveys. Figure 4.9 shows
a summary of these actions. Mbst of the corrective actions (52% are plant upgrades to increase
plant capacity or changes in the biological treatnent used. The selection of an alternative form
of biological treatnent was in nost cases based on comparisons made with other treatment plants
intheir state. For exanple in Kentucky, a study by the Department of Wéter had indicated that
RBC plants do not performas well as an activated sludge plant in reducing effluent toxicity.
Several RBC processes in Kentucky are being replaced with activated sludge processes

Restrictions on industrial dischargers (33% into the treatnent systems are also being used
as corrective actions. In sone cases the restrictions were proposed based on the Information and
Data Acquisition step of the TRE In nost cases, restrictions were not used exclusively but were
used in conbination with a plant upgrade or process inprovement to the existing plant

The importance of the biomonitoring species was al so revealed. In 5%of the responses
It was noted that the effluent passed the toxicity test after swtching to a test species that was
more indigenous to their receiving stream These POTVE were |ocated in coastal areas of

Florida and discharged into ocean or brackish coastal waters. The change in species was from

ceriodaphnia to nysidopis bahia.
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FI GURE 4.8
Toxicants Identified in TRE

Met al s
15%
Ammoni a
23%
Di azi non Non Pol ar Organics
54% (excluding Diazinon)
8%
FI GURE 4.9

Corrective Actions Taken By POTW
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ment «<
Di schar ge g RN
Restrictions on Xlllll || Iy
I ndust ry ( ||S||||||
33%
y pant Upgr ade

52%
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Throughout the questionnaire the respondents were given the opportunity to provide any
comments or concerns about the TRE process. A summary of some comments addressing specific
conponents of the protocol is listed in Table 4.5 and a summary of comments of a general nature
on the TRE process is listed in Table 4.6. Several respondents stated that the information and
data acquisition and POTW performance eval uation steps provided useful information that hel ped
themassess the efficiency of their plant operation and rule out some possible toxicants. The in-
plant control evaluation and source toxicity evaluation steps were also considered val uabl e
because they hel ped conpare possible corrective actions and eval uate whether plant process
upgrades or changes in the type of biological treatment would elimnate toxicity. However, it was
al'so noted that the information collected in these steps is based on short termeval uations and
may not be representative of long termoperation of the plant

In cases where a specific toxicant was suspected, the TIE was very useful in confirmng
the toxicant. However, in a few responses where a specific toxicant was not suspected, the TIE
was inconclusive, with all TIE manipulations eliminating toxicity. In some cases involving chronic
toxicity, the toxicity did not seemto be strong enough or persistent enough for easy identification
of atoxicant. It was also noted that the TIE protocol was developed for acute toxicity, and its

usef ul ness in cases of chronic toxicity was questioned
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TABLE 4.5

SUMVARY OF COMVENTS ON TRE COVPONENTS

Information and Data Acquisition:

* The data we col | ected has been very useful but did not give us a conclusive answer to our

toxicity problem
* Collection of basic data allowed us to rule out some possible toxicants.

* ¢ were able to get a general idea of what the toxicants were by view ng the information and
data acquired by this protocol. It at least gave us some possibilities to ook at.

* It is ny understanding that this section establishes a data base for conparing possible
corrective actions that may be required in later phases of the TIE It is helpful to analyze data
froma broad standpoint initially, but it is hard to discern short-term"trends" at a POTW

* The city is on the 304L list for cadmum zinc, and high chioride in the effluent. Al three
were elimnated as possible causes of toxicity.

* Treatment plant has failed biomonitoring on an inconsistent basis. No consistent pattern for
followup to confirmand identify sources.

Per f or mance Eval uati on:

* The plants operate efficiently, but were not designed to remove the suspected toxicant
(amonia). Al other possible sources of toxicity caused by any of the plant processes were
el i m nated.

* | amcurrently in the process of doing an in-depth PPE (POTW Performance Eval uation)
especially as it pertains to secondary treatment. | think that this phase was not given enough
enphasis in the original work that was done by our consultant.

* Division of Water study on Kentucky POTW to correlate RBC versus oxidation ditch (sic)
process and percent industrial flow versus comercial and residential shows that RBC POTW
will not pass biomonitoring and that percent industrial flowis not a factor.

TIE Phase | (Toxicant Characterization”:

* Some significant results were obtained fromcertain bench top treatment only to be negated
with further testing.

* Most of the characterization steps were perforned. The better results came fromthe pH
adj ustment. W seemed to have better survival rates at |ower pHs. This correlates with the
theory that there is Iess unionized amonia at |ower pH levels. (Facility that identified
amoni a as toxicant.)

* Specific toxicants could not be identified by TIE Gty attenpted to find the source of toxicity.
Sinulation of oxidation ditch process on raw influent produces an effluent that passes test.
Division of Water has given permssion to stop TRE/TIE work until oxidation ditches are
conpl ete and tested.

* On the TIEs performed, some had several indications of possible treatments and the next
group had different results.

* Toxicity not strong enough or persistent enough for easy identification.
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TABLE 4.5 (CONTI NUED)

* Al manipul ations reduced and/or elimnated toxicity.

* Any and every manipul ation proved effective!

* W are having trouble with this test due to the fact that only a third of our sanples show
toxicity.

TIE Phase Il TToxicant Identification'):

* Azeolite colum was used to strip ammonia fromthe test aliquots. This gave us greatly
improved survival rates. (POTWthat had amonia toxicity.) A nunber of the 126 priority
pol lutant scans were performed on effluent sanples fromboth plants but data indicated an
absence of any of these toxicants

* On the TIEs performed some had several indications of possible treatnments and the next
group had different results

* Toxicity not strong enough or persistent enough for easy identification
* Al tests were inconclusive.

TIE Phase |11 (Toxicant Confirmation):

* Side-hy-side tests using zeolite-treated aliquots and normal aliquots proved beneficial to our
theory. W also did the same procedure using freshwater test organisms side-by-side with
sal twat er organi sms.

* EPA Region IV put the city under an administrative order to test for diazinon, malathion
and CVP (chlorof envinphos). Upon finding significant amount of diazinon, the city was
told to do a TIE Phase Il confirmation rather than do Phase | and Phase Il Investigation.
Phase |11 did confirmthat diazinonis the primry toxicant

Toxicity Source Eval uation

* The toxicant diazinon was already known. In an attenpt to track where the source was,
the city collected sanples frommajor |ift stations, and investigated other possible sources
(i.e. pet groomers, health departnents for head Iice control, etc.).

* Sanples fromindustrial dischargers are analyzed hinmonthly for various toxicants. Discharge
violators are reprimanded accordingly. Sanples are analyzed for toxicants such as metals
phenol, oil and grease, and cyanide. Pesticide analysis is not performed on a reqular hasis.

* Wile no toxicity testing has been done on any of our indirect dischargers, we monitor
parameters that coul d contribute to toxicity, i.e. netals, chlorides, TTQ, etc

* Industrial section proved non-toxic. Commercial areas were somewhat toxic. A strictly
residential area proved to be the nost toxic by far. (Treatnent plant that had diazinon
indicated in TIE)
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TABLE 4.5 ( CONTI NUED)

POTW | n- Pl ant Control Eval uation:

* Through conparison studies between our two plants, one in which little or no toxicity
occurred and the other in which high toxicity occurred, possible corrective actions were
det er mi ned.

* Very helpful in planning the needed upgrade.

* Breakpoint chlorination was used by the consulting |ab to remove ammonia from our
effluent sanples. This procedure did not work well in the [ab environment. It was tried at
one plant but proper chlorine dosage could not he attained.

Corrective Action:

* 1t is beleved that once the plant is upgraded to AW using the A/ O technology (a
bi ol ogi cal phosphorous removal process wth nitrification) and as long as the plant is
operated well, the toxicity will be controlled. Evidence of this has been collected using
another city's AV Oplant for conparison. Further investigationis tak|q? place to
deternine the control parameters to insure that the diazinon is removed through this
process.

* Diazinon is believed to come fromnon-point source, thus no corrective action was taken.

* Existing RBC units were not considered as effective for toxicity reduction as activated
sludge process. Therefore, completed an oxidation ditch expansion.
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An interesting observation was made by examning the cases (excluding the change in
speci es) where correction actions had been identified. Figure 4.10 shows a breakdown of the types
of toxicity in those cases. On the surface, the figure would indicate that the TRE i s successfu
inidentifying solutions to acute and chronic toxicities. However, when the specific cases were
reviewed it was found that in the acute only cases, specific toxicants were identified inall while
inthe chronic only and both acute and chronic cases, no specific toxicants were identified This
tends to confirmthe coments that the present TRE does not work well in identifying toxicants
when chronic toxicity is exhibited

In September 1992, a new protocol, "Toxicity Identification Evaluation: Characterization
of Chronically Toxic Effluents, Phase |", EPA/600/6-91/005F, was issued along with the revised
documents, "Methods for Aquatic Toxicity Identification Evaluation: Phase n Toxicity
I'dentification Procedures”, EPA/600/R-92/080, and "Methods for Aquatic Toxicity ldentification
Eval uations: Phase Il Toxicity Confirmation Procedures for Acutely and Chronically Toxic
Sanpl es", EPA/600/R-92A)82, to provide guidance specifically for chronic TIES.* The docunents
were prepared based on experience with Cenodaphnia dubia and Pimephal es pronelas (fathead
mnnows) as the test organisms. The Phase | procedure has been nodified for chronic toxicity
and uses a two-tiered approach which in the effluents examned has considerably reduced the
toxicity testing time. Phase Il protocol was revised to provide procedures for the identification
of non-polar organics, metals, and ammonia and to provide guidance for the identification of
surfactants. The revised Phase Il document provides more detail on each confirmation approach
and contains a chapter on hidden toxicants, i.e., toxicants which are non-additive or partially
addi tive and toxicants which are present at dramatically different toxic unit ratios. The new

documents should inprove the success to toxic identificationin chronic cases
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HGURE 4. 10

Type Toxicity for Wich Corrective Action Was Identified
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Anot her concern was that the protocol is too complicated for the average wastewat er
operator to follow This limts practical input that an operator coul d provide to the study that
a consul tant cannot provi de.

The suitability of biononitoring as an enforcement tool, particularly with chronic toxicity,
was al o questioned. Several facilities have experienced inconsistencies in the results between
certified laboratories with blind samples showing significantly different toxicity. In fact two
facilities that indicated they were no Ionger conducting a TRE said that toxicity was elininated
by changing | aboratories. ne case was al so noted where the control was more toxic in chronic
tests than the effluent sanple.

Comment's al so enforced the belief that the TRE can be a time-consuning and expensive
process. This was particularly frustrating in cases where the TRE has been conpleted and a
toxicant or corrective action had not been identified. Cne facility listed the cost of the TIE at
$2500 per test. Another that had been conducting a TRE for approximately three years listed
a total cost of $100,000. A follow up contact made to a small facility which contracts their TRE
testing, and which has been in the process for Iess than a year, indicated they are budgeting $9600
for testing next year and anticipate that they may require testing costing up to $20,000 per year
if they cannot resolve their toxicity problems. Alarger nunicipality which does their testing in-
house spends approximately $25,000 per year on labor and materials. Al POTW that
comrented indicated that this cost is significant in their budget

Finally, when mandated to conduct a TRE each facility seems to have sincerely done their
best to resolve the toxicity problem However, the ability of each facility to achieve toxicity
reduction differs. To make full use of the information provided by the TRE the process and the
deliverabl es fromeach stage must be understood by both the consultant, if one is hired, and the

personnel at the municipality.  Some of the nunicipalities, particularly the smaller ones
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comented that they do not have adequate staff or technical background to devote to the
process. This problemwas indicated by some of the responses in the questionnaire. After the
objective of TRE conponent was defined in the questionnaire, the respondents were asked to
indicate whether the step had been conpleted. In many cases the respondents didn't know
whet her the objective defined had been conpleted either by following the protocol or by using
sone simlar procedure. In several cases where a second consultant had been hired it was noted
that they nowrealized that the first consultant had not followed the TRE protocol .

Few respondents indicated that they received help fi-omeither their state or the EPA
other than a copy of the protocol. In cases where there had been assistance, it was indicated to
be very helpful. Inproved assistance with the TRE process fi-omstates and the EPA to the
muni ci palkies may be one way to help nunicipalities ensure they are proceeding correctly and

logical ly through the process.
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TABLE 4. 6

SUMVARY OF CGENERAL COMIVENTS ON THE TRE PROCESS

The U.S. E P.A Region IV personnel have been both helpful and patient in allowng the
city to resolve this toxicity problem

The whol e process is subject to influences that we believe are beyond the control of the
| aboratory and the treatment plant. The fresh water species are very sensitive to the
slightest change in their enviroiment. Qur toxicity has been intermttent which only
exacerbates the problem

Made very little progress in TRE with identifying toxicant before we had our species
changed to salt water species

State provide assistance in conducting TRE but only after the TRE had been in progress
for almost a year. Only "assistance" from EPA was handbooks

| don't like biomonitoring. It is costly, unbelievably time-consuning, and in many cases

inconclusive. | think the protocol is too conplicated for the average wastewater operator
to follow | have a degree in hiology and experience in basic research studies, and | find
it areal challenge to try to figure out what |'msupposed to do next. I'mafraid that
val uabl e local input for the TRE fromwastewater operators who know their facilities is
bei ng wasted, because the protocol is intimdating. This may be part of the reason that
TIE studies are often inconclusive - they lack local input (that a consultant generally
cannot give)

"Toxicity Reduction Evaluation Protocol for Minicipal Wastewater Treatment Plants" not
a good tool for identify chronic toxicity - great for acute toxicity

Still conducting TIE. All Phase 11 tests have been inconclusive. W have not identified
toxicant as of yet and feel like money is being thrown down the drain ($2500 per test) in
afruitless search for such a lowlevel toxicity. After almost 2 years of chronic toxicity
testing and a diligent effort to attain conpliance, we have begun to feel frustrated. The
problems with the TIEs and TRES, in ny opinion, are due to the potential of any single
event occurring during a seven day period with a duration of [ess than 1 hour ... with the
pernttee generally unaware of the event's occurrence. It could even be a rainfall causing
run off of metals fromthe road, or pesticides/insecticides fromyard applications, etc.
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V. CONCLUSI ONS AND RECOMVENDATI ONS

Many nuni cipalities have been required to conduct TRES when the toxicity limts of the
pernit were repeatedly violated, and have found themto be expensive and time-consumng. This
study gave municipalities in EPA Region IV that had conducted TRES the opportunity to assess
the benefits of the EPA nunicipal TRE protocol in identifying the toxicant and corrective action
and to identify any problems or concerns they had with the TRE process

Treatment plants required to conduct a TRE varied in size, industrial input, type of
biologi cal treatment, level of advanced treatment, biononitoring species used, and type of toxicity
experienced. Responses were received from23 of the 37 nunicipal WWPs contacted and
represented 5 of the 7 states in EPA Region IV. A mgjority of the facilities that replied could
be classified as mediumflowrate (1-10 M) plants with minor (0-10%of flow) industrial input
Mbst plants enmpl oyed what woul d be considered conventional secondary treatment and some al so
used advanced treatment process.

In cases of acute toxicity, the protocol appeared to be useful in identifying both the
toxicant and corrective action. For cases of chronic toxicity or both acute and chronic toxicity
the protocol was not very successful in identifying the toxicant but was helpful inidentifying a
corrective action. The process can be extremely frustrating when multiple toxicants appear to be
present (i.e. all sanple manipulations elimnate toxicity) or when the toxicity is internttent. EPA
has revised the TIE protocol s to address these issues.*" The inprovement provided by these new
protocol s should be assessed after municipalities have some experience with them

It would also be valuable to study the entire sanpling process.** The coments

expressed concerning chronic testing suggest variability errors. The variability due to preparation
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error has been exanined.” A statistical evaluation should be used to define the sources of error
and to determne whether the sanpling procedure provides a representative sanple.

The maj or conplaint about the TRE process was the cost of testing. Asingle test can
cost $2500 and municipalities have had to budget approximately $10,000 to $25,000 extra per year
for this special testing. These costs are significant in their budgets. Comments about the TRE
process were particularly negative in cases where the tests were inconclusive, had to be repeated
several times, or differed between laboratories. As stated above, the protocol s have been revised
to address some of these issues. However, based on the concerns of the survey respondents there
still appears to be a need for a cheaper method to assess toxicity rather than a nodification of
an existing one

Anot her major conplaint was the time, or probably more appropriately the staff, required
to conduct the TRE. The POTWstaff may not have sufficient number or expertise to conduct
the TRE in-house. Hring a consultant adds additional costs to their budgets. However even
with a consultant, the nunicipality needs to understand the TRE process and the purpose of each
step to ensure their nmoney is being well spent. This issue could be addressed by either
simplification of the TRE protocol, nore detailed information on the deliverables to he expected
fromeach step of the TRE, or nore assistance fromthe state agencies or the EPA Draft
docunments that provide detailed guidance for conducting the POTW Performance Eval uation**
and the TSE - In-Plant Control Evaluation'* have been prepared by EPA and should aid in
these steps after the docunents are issued

A specific technology devel opment need that mght be indicated fromthe survey is for
an accepted treatment process to remove diazinon. Corrective actions identified by the
respondents were not consistent. Some indicated nothing could be done while others are

pursuing expensive treatment plant upgrades.
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=nnnr-nsnesntot

In general, the municipalities believed biomonitoring is a useful tool for assessing the
toxicity of their effluent. They also indicated that useful information about their plant operation
and possible inprovements could be obtained fromthe TRE. However, many were frustrated
with the TRE process and believed it should not be used as an enforcement tool until the
probl ens they have experienced are resol ved

Due to funding and time limtations, this study was limted to a witten survey in format
and EPA Region IV in scope. Conments concerning biononitoring and the TRE process were
consistent with views that have appeared in the |iterature™ ' A and with personal contacts
with consultants that have performed TRES. Repeating this survey to enconpass nmore EPA
Regi ons might be valuable to confirmthat the concerns are simlar in other parts of the country
It is suggested that more time be invested at the beginning to investigate the availability of
dat abases to identify POTW conducting a TRE, rather than having to contact each state
individually as was done in the study (a very time-consuning step). The questionnaire devel oped
was quite lengthy (6 pages) but did not provide conmprehensive details of the problems. Future
surveys mght be more productive if they focused more on one component of the TRE protoco
and were directed to the person actually doing the work (another time-consumng identification

step)
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APPENDI X
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COVER LETTER SENT TO POTW CONTACTS

Dear

~Thank you for agreeing to participate in our survey on the experience of POTVE
using EPA protocols for toxicrty reduction evaluation (TRE) and toxicity identification
eval uation (TIE). This studb,|s bei ng conducted as part of a Cooperative Agreenent
between the U S EPA and the University of North Carolina. | amthe principal investigator
of the project. Pat Backus, a Master's degree candidate in Environmental Engineering, is
conducting this survey as ?art of her Master's Report. The |nfprnat|on_¥0u provide will heIP
US assess the useful ness of the current TRE and TIE protocols in identifying toxic agents a
POTV6. It will also be used to direct our research on developing bench-scal e treatability
tests that may be incorporated into the TIE protocol at a later date. Qur goal is to provide
POTW with a more practical tool for solving effluent toxicity problens.

The survey is divided into several sections to request information on your treatnent
plant operation, NPDES permt, b|onnn|tor|n% requirements, TRE/TIE experience, and
corrective action taken as a result of the TRE/TIE You are wel come to provide any
addi tional coments you have on gour experience with the TRE .

. Ve understand that many POTW have hired consultants to perform TREs. If this
IS the case at your POTW we would greatly appreciate you permtting us to contact your
consul tant if we have additional questions on what was done in the TRE

Pl ease send the conpleted survey back in the enclosed stanped and addressed
envel ope. If you have any questions about filling out the survey formor about the disposition
of the data, please call me at (919) 966-2480. Thank you again for your participation

Sincerely,

Francis A Di G ano, Professor
\lt er Resources Engineering
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POTW Toxi city Reducti on Survey

General | nformation:
POTW Nane:
Cont act Per son:

Addr ess:

Phone;

Pl ant Operation |Information:

Wast ewat er Sources: Industrial (%9 _ Muinicipal (%9 _

Types of Industries:

n Textiles D Food Processing D Metal Finishing or Plating
d Pul p and Paper D Petrol eum Refining D Chem cal Manufacture

n Electrical and El ectronic Conponents

D O her

(Permitted Plant Capacity: ___ngyd

Conponents of Treatnment System Before TRE{If there is nore than one treatnent
train please enter a nunber in the boxes to identify each train,):

O Bar screens O Conm nutors Q &rit chanbers
DPrimary clarifiers D Trickling filters D Oxidation ditch
D Activated sludge with diffused aeration

O Activated sludge w th mechani cal aeration

n Rotating biological contactor D Sequencing batch reactors

n Phosphorus renoval © Nitrification U Denitrification

O Secondary clarifiers
n Dual -nmedia filters D Milti-nedia filters D Sand filters

n Granul ar activated carbon (GAC) D Powdered activated carbon (PACT)

LJ Disinfection by

n Dechlorination by .
n Diffuser on plant discharge

n ot her
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Bi ononitoring Pernmit | nformation,;

Whol e effluent toxicity limts: LC50 %in hour s

NCEL % in days

Speci es used for tests:
D Ceriodaphnia Drathead m nnow DMysid shrinp  Uot her

Frequency of biononitoring:

n Mnthly D Binonthly D Quarterly D Biannually Dother

Who performs bionpbnitoring tests?

n POTW n State D Contract lab D Oher

I's biomonitoring information reported to the state or EPA using either EPA/ 600/ 4-
85/ 014, Section 10, Report Preparation or EPA/ 600/4-89/001, Section 9, Report

Preparation? D Yes D No

[f no, howis information reported?

TRE/ TI E | nfornmati on:
Toxicity is D Acute and/or D Chronic.
Appr oxi mat e dates when you conducted TRE (nonth/year)?

Start A End
Did you hire a consultant to conduct TRE? D Yes D No

If we have questions on what steps were taking in conducting the TRE nay we
contact the consultant? If yes, please provide the follow ng information.

Consulting Firm

O fice Location (city,state)

Cont act Person

Phone

Did your state provide assistance in conducting TRE?
D Yes n No n Not sure, ask consultant

Di d EPA provide assistance in conducting TRE?
Q Yes Q No O Not sure, ask consultant

Was the EPA document "Toxicity Reduction Eval uation Protocol for Minicipal
Wast ewat er Treatnent Pl ants" used in conduction the TRE?

CH Yes n No n Not sure, ask consultant
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TRE - Information and Data Acqui sition:

This is the collection of data on the operation and performnce of the POTWand
data fromthe POTWs pretreatment program such as industrial waste survey
applications and local limts conpliance reports.

Did you use the EPA protocol recomended for this step?
D Yes n No D Not sure, ask consultant

If not, did you collect simlar data but not using EPA protocol ?
D Yes n No n Not sure, ask consultant

\Viére you able to identify the toxicant using the information gathered in this
step? D Yes D No

Were you able to identify a corrective action using the information gathered in
this step? n Yes No

Coirnments on the use of "Information and Data Acquisition”

TRE - POTW Per for mance Eval uati on:

r—!Tls is the evaluation of POTWoperating and performance data to indicate possible
In-plant sources of toxicity of operation deficiencies that may be all ow ng
toxicity pass-through.

Did you use the EPA protocol recomended for this step?
n Yes D No D Not sure, ask consultant

If not, did Kgu collect simlar data but not using EPA protocol ?
CHYes D D Not sure, ask consult ant

Vere you able to identify the toxicant using the information gathered in this
step? D Yes D No

Wre you able to identify a corrective action using the information gathered in
this step? D Yes D No

Commrents on the use of "POTW Perfornance Eval uation":
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TRE - TIE Phase | (Toxicant Characterization)

Bench-top characterization steps that consist of toxicity degradation, aeration
filtration, C'g solid phase extraction, pH adjustnent,- oxidation-reduction, ETD

rrfel ation, and graduated pH treatnents.

Did you use the EPA protocol recomended for this step?
D Yes D No D Not sure, ask consultant

If not, did you collect sinmlar data but not using EPA protocol ?
n Yes n No n Not sure, ask consultant

Were you able to identify the toxicant using the information gathered in this
step? DYes D No

Were you able to identify a corrective action using the information gathered in
this step? DYes D No

Comments on the use of "TIE Phase |":

ARE - TIE Phase Il (Toxicant Identification):
"Specific test methods that can be used to further identify specific causative
agents such as non-pol ar organi ¢ conpounds, anmmonia, cationic netals, or chlorine.

Did you use the EPA protocol reconmended for this step?
LJ Yes LJ No [J Not sure, ask consultant

If not, did you collect sinmlar data but not using EPA protocol?
U Yes D No U Not sure, ask consultant

Were you able to identify the toxicant using the infornation gathered in this
step? n Yes D No

Were you able to identify a corrective action using the information gathered in
this step? n Yes D No

Comments on the use of "TIE Phase I1":
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TRE - TIE Phase |11 (Toxicant Confirmation):

of toxicantdby,a series of test steps including observation of test organism
{0

synpt ons; ad onal species toxicity testing: and correlation of toxicity and
kt%%) cant’ concentrat ! onpfeor mul tiple é/anpl es. g y

Did you use the EPA protocol recommended for this step?
D Yes n No D Not sure, ask consultant

If not, di dl%ou collect simlar data but not using EPA protocol ?
Q Yes CH [J Not sure, ask consul tant

Wre you able to jdentify the toxicant using the information gathered in this
step? n Yes D No

re you aple tq identify a corrective action using the information gathered in
e 8 epg D Yes D ho’ g g

Comments on the use of "TIE Phase I11:

JRE - Toxicity Source Eval uation;

Involves_sangling the effluent of sewer dischargers or sewer lines for the toxics
or toxicity and i"dentifying the source.

Did you use the EPA protocol recommended for this step?
n Yes D No n Not sure, ask consultant

I'f _not, diq“gou collect simlar data but not using EPA protocol ?
D Yes D D Not sure, ask consultant
g¢2$ﬁyoq1apég tB k%entlfy the toxicant using the information gathered in this

y\l?]ries ygye%b; eDt %Sdeﬂt,\ijy a corrective action using the information gathered in

Comrents on the use of "Toxicity Source Eval uation":
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TRE - POTW I n-Pl ant Control Eval uati on:

Treatability testing is used to evaluate nmethods for optinizing exi sting treatment
u

processes and to assess options for additional treatment to reduce effluent
toxicity.

JE#ED d you use the EPA protocol reconmended for this step?
n Yes D No n Not sure, ask consultant

If not, did you collect simlar data but not using EPA protocol ?
D Yes n No n Not sure, ask consultant

Were you able to identify the toxicant using the information gathered in this
step? n Yes D No

Vere you able to identify a corrective action using the information gathered in
this step? D Yes D No

Comments on the use of "In-Plant Control Eval uation":

Corrective Action:

Was toxicant identified? D Yes Dno

ﬁ yes, what was toxicant(s)?

What corrective action was taken to reduce toxicity (such as inproved existing
pl ant operation, added nore capacity, added or changed treatnent train, inproved

monitoring of sewer dischargers, placed restrictions or industrial dischargers,
repaired exi sting equi pnment, etc.)?

(I'f you have any additional comments about toxicity problems, biomonitoring, or
using the TRE/ TIE EPA protocol s, please attach themto the survey. Thank you.)

+
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