Appendix A
Original Case Histories: Lessons Learned

Since the USEPA research studies in the 1980s and tBaltimore, Maryland

first TREs performed to meet permit requirementsin january 1986, USEPA, in cooperation with the City
there have been significant advances in thgfBaltimore, began the first research study to develop
development and refinement of TRE proceduresg pragmatic approach and imeds for conducting
These advancements become apparent upon reviewpRes at WWTPs (Botts et al., 1987). The City's
the original case histories published in the first editiorp gtapsco WWTP was selected for this study because of
of the TRE manual. The case histories have beegyidence of acute and chronic effluent toxicity. In
revisited in this manual to note the lessons learned angygition, USEPA was interested in conducting a TRE
new approaches that can be taken to conduct TRESgt an urban WWTP, like the Patapsco WWTP, which
receives its inflent from a wide range ohdustrial
Many lessons have been learned in applying TIE/TREgischarges. The objectives of the TRE were to
procedures to different types of effluents using &haracterize the WWTP's captity for treatment of
variety of freshwater and saltwater test speciesoxicity, evaluate techniques to identify the specific

Perhaps the most significant improvements in th@omponents of toxicity, and assess methods to trace
methods since the original case histories wergyyicity to its source(s).

performed have been the development and application

of methods to: The study results showed that the WWTP influent had
significant acute and chronic toxicity as measured by
+ Identify causes of short-term chronic toxicity to ¢ dubia](mean 48-hour LC50=2.6% and mean 7-day
both freshwater and estuarine/marine species. chronic value (ChV)=1.2%M. bahia(mean 96-hour
» Track sources of chronic toxicity that can not be|_C50:23%)’ and Microtdk (EC50=8%). Although
readily characterized in the TIE. significant  toxicity reduction occurred through
* Characterize, identify, and confirm organophos+reatment, substantial toxicity remained. The 48-hour
phate insecticide toxicity. LC50 for C. dubia averaged 6.3% effluent. An
* Characterize toxic metals using improved EDTAgya|uation of the WWTP operations indicated that

and sodium thiosulfate tests. . treatment performance was not the major cause of
* Characterize surfactant toxicity using multiple TIE effluent toxicity.

manipulations.

« Confirm toxicants by the correlation approach. Results of the TIE showed that acute effluent toxicity
was removed by passing effluent samples through a

The use of some of these updated methods is describgdg SpE column. Recovery of toxicity in the 75 to
below using the original case histories as example®50, methanol/water eluates from the C18 column
The following summaries are intended to show howsyggested that the toxicants were non-polar organic

similar TREs can be performed more quickly, costtompounds with relatively high octanol-to-water

effectively, and accurately using the current papition coefficients. However, GC/MS analysis of

procedures. These summaries also portray the stegse toxic non-polar organic fractions was not

takendover the last 10 years to improve the TREyccessful in identifying the specific nonpolar organic
procedures.
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toxicants. Additional testing showed that the toxicant$OTW, which exhibited acute toxicity t6. dubia
sorbed onto suspended solids in the effluent. Solid®Amato et al., 1992).

greater than 0.2 um were found to be the major
fraction.

toxic
TIE Phase | tests showed that treatment with a C18
SPE column was the only step that reduced effluent

TIE Procedure Update

Since this study, USEPA developed procedures
identifying non-polar organic toxicants (1993a).

non-polar organic toxicity is indicated in the Phase
the TIE, the toxicant(s) can be isolated
concentrated to improve the chances of identifica
using GC/MS analysis. This approach has b
helpful in identifying organophosphate insecticide
causes of effluent toxicity at some POTWs (
examples below and Appendix F).

g

toxicity. Acute toxicity was recovered from the C18

column by eluting the column with methanol.
for Additional C18 SPE column tests performed on 16
If effluent samples showed that toxicity was consistently
of eluted in the 80 and 85% methanol fractions, which
nd suggested that the cause of toxicity was the same
ion among the various samples. These results provided
een evidence that the toxicant(s) was a non-polar organic
as compound(s). Further concentration and separation of
b€€ the toxic fractions was done, followed by confirmation

GC/MS analyses of the fractions. Analysis of selected

80 and 85% methanol fractions by GC/MS found
sufficient concentrations of the insecticide diazinon to

An evaluation of wastewater samples from selectedccount for the observed acute toxicityCtodubia.

candidate industries was performed to determine the

major contributors of refractory toxicity to the WWTP.
An important goal of this study was to develop an
evaluate methods for tracking sources of toxicity i
POTWSs. A protocol was designed to measure th
toxicity remaining after treatment at the WWTP, whicl
is the toxicity that passes through in the final effluent
The residual or “refractory” toxicity of five major

industrial users of the WWTP was evaluated b

L

TIE Procedure Update

In recent TIE guidance, USEPA (1991 and 199
€recommends adding a metabolic blocker, PBO
toxic effluent samples or methanol eluates a
. subsequent test for the presence of metabolid
activated toxicants like organophosphate insectici
PBO has been shown to block the acute toxicity

Ba)
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ion
y to
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cldiazinon, parathion, methyl parathion, and malath
. to cladocerans, but does not affect acute sensitivi
dichlorvos, chlorfenvinphos, and mevinphos (Ank|
etal., 1991). A reduction in acute or chronic toxig
by the PBO addition together with toxicity removal

treating wastewater samples in a bench-scale bat

simulation of the WWTP activated sludge procesq

Microtox® results indicated that two of the five

industries were contributing refractory toxicity to the

WWTP. Results o€. dubiatests were inconclusive y

due to an interference in the treatment simulation. Thlsthe C18 SPE column and concentraticatad can
nprovide strong evidence for the presence of sele

interference appeared to be caused by residual toxic{tyP X -
in the RAS used in testing. organophosphate insecticides.

Cted

RTA Procedure Update In the confirmation step (USEPA, 1989b), three Phase

the Il confirmation steps were used to confirm diez as

Biomass toxicity may be reduced by washing er : i
r. a cause of effluent toxicity: toxicant correlation, mass

RAS with buffer solutions or laboratory waté it ) C
Alternatively, a surrogate biomass from a POTW With balance, and additional species testing.

a similar type of biological treatment process may ] ) )
be obtained for testing. Details are presenteql in 10xicantcorrelation was evaluated by plotting effluent

Section 5. diazinon concentrations and effluent LC50 values as
shown in Figure A-1. The correlation coefficient (r
value) was significant and confirmed that, from sample

. . to sample, diazinon was consistently the cause of acute
Hollywood, California effluent toxicity. Also, the intercept of the regression
In the late 1980s and early 1990s, the USEPAine at 100% effluent (0.325) was near the diazinon
laboratory in Duluth, Minnesota, tested several POTW_.C50 of 0.35 pg/L, which indicated that diazinon
effluents in the process of developing TIE proceduresaccounted for nearly all of the observed acute effluent
One of these effluents was the City of Hollywoodtoxicity.
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Figure A-1.

USEPA, 1988).

Acute LC50 of Hollywood effluent versus
diazinon concentration (actual correlation shown by solid
line; predicted 1:1 correlation by dashed line) (Sotce:

concentrations, and testing the toxicity of the methanol
fractions. The combined toxic, combined nontoxic,
and all fractions were combined and tested at whole
effluent concentrations. The results showed that the
toxicity of the combined toxic fractions was similar to
the toxicity of all fractions together and the toxicity of
the original effluent samples. These results provided
further confirmation that effluent toxicity was
associated with non-polar organic toxicants.

The final confirmation step involved testing effluent
samples withP. promelaswhich are at least 100 times
less acutely sensitive to diazinon th&h dubia
(USEPA 1987, 1988). Test results showed only slight
acute toxicity to the minnows as compared to the
average acute LC50 of about 60%@dubia Acute
toxicity toP. promelasvas interpreted as evidence that
a toxicant other than diazinon was present in the
samples. However, this additional toxicant(s) was not
a significant contributor to toxicity and its identity was
not evaluated. In summary, the Phase Il testing
confirmed that diamion was the principal effluent
toxicant.

TIE Procedure Update

USEPA (1993b) recommends a straight-forw,
correlation approach to determine if a consis
relationship exists between the concentration of
toxicant(s) and effluent toxicity. This approa
involves comparing the toxic units of the toxicant
whole effluent toxic units. Toxicant concentrations

and the resulting values are plotted versus wh
effluent toxic units. Since this study, additional ac
toxicity data for diazinon and other organophosph

toxic units for these toxicants (Ankley et al., 199
Amato et al., 1992; and Bailey et al., 1997). T

extent to which the identified toxicants contribute
effluent toxicity. Using the above example, diazin
would be confirmed as the primary toxicant if the sl
is 1 and the intercept is O for a plot of diazinon to
units versus effluent toxic units. In some cag
additional toxicants may be indicated using t
technique (see the City of Largo, Florida, exam
below).

converted to toxic units (i.e., measured concentrafion
divided by the toxicant's acute or chronic endpo|nt

insecticides have become available for calculafin

Largo, Florida

The USEPA Duluth Laboratory also evaluated effluent
rd samples from the City of Largo POTW. A TIE was
t;‘;performed to identify the causes of acute effluent
h toxicity (USEPA, 1987).

at:)e TIE Phase | tests showed that C18 SPE column
.__treatment removed acute effluent toxicity. Toxicity

was not reduced by the other Phase | treatments,
oleincluding filtration, EDTA addition, or sodium
te thiosulfate addition.

at

o

e
An additional 18 effluent samples were passed through

1. C18 SPE columns in Phase Il. Elution of the columns

he with methanol showed that acute toxicity was

correlation approach is useful for determining fhe consistently isolated in the 75 and 80% methanol

to concentrations, although occasional toxicity was also
on observed in the 70 and 85% methanol concentrations.
pe GC/MS analysis of the toxic fractions identified

Ki¢ diazinon as a cause of acute effluent toxicity.
es,

Nis In Phase lll, five confirmation steps were used to verify
ple that diazinon was the cause of effluent toxicity:
toxicant correlation, toxicant spiking, mass balance,

The mass balance confirmation approach involve
eluti
the column with a series of eight methanol

passing samples through a C18 SPE column,

additional species testing, and test species symptoms.

r:%cute effluent toxicity and diazinon concentrations

Were converted to TUs and were plotted to determine
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the toxicant correlation to whole effluent toxicity whole effluent toxic units (USEPA, 1993b). As shown
(USEPA, 1989b). As shown in Figure A-2, more acuten Figure A-3, the slope of the regression line was
toxicity was present than would be explained byclose to 1, the y-intercept was nearly zero, and the
diazinon alone; the slope of the linear regression wasvalue indicated a good correlation (r = 0.73). These
less than 1 and all of the plotted data points are belovesults show that diazinon and CVEcaunted for

the expected 1:1 relationship for diazinon and effluenhearly all of the acute effluent toxicity.

toxicity.  Spiking experiments also showed that
doubling the concentration of diazinon in effluent
samples did not result in a doubling of effluent toxicity. 6

These results suggested that diazinon was not the sole | 7
o —— Observed /
cause of acute effluent toxicity. . /
5- =— =— — Theoretical
5.00 1
1 — — — Expected Regression / 47
Observed Regression // i
4.00
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w
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Figure A-2. Correlation of diazinon TUs versus whole

effluent TUs (Source: USEPA]1988).

Figure A-3. Correlation of diazinon and CVP TUs versus
whole effluent TUs (Source: USEPA1993b).

Additional confirmation testing involved analyzing 13
effluent samples using the C18 SPE column mass
balance approach. As shownin Table A-1,in 12 of the
TIE Procedure Update 13 tests, the toxicity of all methanol fractions
The current approach (USEPA, 1993b) is to fglot combined was slightly greater than the toxic fractions
effluent TUs on the Y-axis (dependent variable) and combined. Various mixtures of the three identified
toxicant TUs on the x-axis (independent variable). insecticides were tested to determine if interactive
See Figure A-3. effects (i.e., antagonistic or synergistic) could account
for the difference in toxicity. These tests showed that
the toxicity of the insecticides was strictly additive.
Follow-up GC/MS analyses identified chlorfenvinphosThese results indicated that the higher toxicity of “all
(CVP) and malathion in effluent samples. Malathionfractions” compared to the toxicity of the “toxic
did not appear in concentrations high enough to caugeactions” may be due to another unidentified toxicant,
acute toxicity to C. dubig although CVP rather than interaction among the identified toxicants.
concentrations were sufficient to contribute to effluent
toxicity (48-hour LC50s of 1.4 and 0.35 pg/L, The additional toxicity observed in the “all fraction”
respectively, according to D. Mount, personaltest was attributed to 70% methanol/water fraction,
communication, USEPA, Duluth, Minnesota, 1989). which exhibited slight and intermittent toxicity. This
fraction was initially included in the “nontoxic
The correlation analysis was repeated using th&action” test; however, the mass balance approach
summed toxic units for both diazinon and CVP versus
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Table A-1. Comparison of Whole Effluent TUs
and Methanol Fraction TUs

* Values excluded from mean calculations due to less-than values.

test results showed that the effluent was toxi€to
dubia, but notP. promelas

Acute Toxic Units (TUa) )
Whole Al Toxic- TIE Phas_e | tests were _ conducted in 1991 to
Sample Effluent Fractions Fractions characterize the chronic effluent toxicants
A 118 164 143 (Engineering Science, Inc., 1991). The permit limit
S 500 > os 313 was based on lethality ©. dubiaandP. promelasn
: : : chronic toxicity tests; therefore, the TIE tests focused
c 1.93 2.86 2.53 on lethality instead of reproduction or growth effects.
D* <1.00 1.15 <1.00 The Phase | tests evaluated percent survivaC.of
E 200 1.75 1.64 dubia, the most sensitive organism, over 5 to 7 days in
N 100% effluent. In addition, acute lethality results (48-
F 1.15 1.06 <1.00 e
to 72-hour exposure) also were collected to assist in the
1.33 1.52 1.13 evaluation.
H 3.70 3.03 2.86
| 2.86 2.86 2.44 The results indicated a consistent reduction in effluent
3 507 172 164 toxicity by pas;ing samples through the C18 SPE
column. Chronic lethality data showed that no other
K 2.27 2.04 2.00 ; - -
treatment consistently removed toxicity. Toxicity was
L 2.27 167 1.59 recovered by eluting the C18 SPE column with
Mean 213 2.18 2.00 methanol, which indicated the presence of nonpolar

organic toxicants. Sample adjustment to pH 3 and pH

11 also reduced toxicity in all but two samples, which
indicated it to be a slightly toxic fraction. When the suggested that the toxicants could be denatured under
toxic units of the 70% fraction are added to the “toxicacidic or basic conditions.

fraction” result, nearly all of the toxicity is accounted

for. Due to the intermittent toxicity of this fraction,
additional testing to identify the toxicant was not
performed.

Additional species testing with. promelagrovided
further evidence that the toxicants werg

observed withP. promelas which are known to be

As noted above, PBO, a metabolic blocker, can
added to toxic effluent samples, C18 SPE fractions, or
HPLC fractions to test for the presence of mgta-
bolically activated toxicants such as organophosphate
organophosphate insecticides. No acute toxicity wasinsecticides.

TIE Procedure Update
be

orders of magnitude less sensitive to diazinon thgnReproduction data for C. dubia, although not required

C. dubia(USEPA 1987, 1988).

as part of compliance testing for the Lawton POTW,
may have been useful in characterizing the effluent

As a f|na| Conﬂrma“on Step’ the same Symptoms tDtOXicantS. These data may prOVide a more sensjtive

C. dubiawere observed after exposure to effluenf ndpoint than survival in 100% effluent when
L comparing the effects of the various TIE treatmenfs.

samples, toxic methanol fractions, and laboratory watg

spiked with near lethal levels of diazinon, CVP, and

malathion. Similar symptoms were observed for allTIE Phase Il tests were performed on three samples
test solutions, which suggested that the same toxicartaluated in the Phase | characterization and involved

was responsible in each case.

Lawton, Oklahoma .
The City of Lawton was required by USEPA Region 6
to initiate a TRE study in 1991, based on evidence of
chronic effluent toxicity at its POTW (Engineering
Science, Inc., 1991). The permit limit of no chronic
lethality at the critical instream dilution of 96%
(i.e., NOEC >96% effluent) was exceeded. Toxicity

88

the following steps as described by USEPA (1989a):

C18 SPE columns were eluted with a series of
increasing methanol concentrations (25, 50, 75,
80, 85, 90, 95, and 100%) to isolate the toxicants.
The acute toxicity of each eluted fraction was
determined and the fractions found to be toxic
were combined. The combined toxic fractions
were then reconcentrated using a second C18 SPE



column. Acute toxicity tests were used instead ofC. dubia acute toxicity tests were conducted to

chronic toxicity tests because the methanol elutio

revaluate the potential contribution of diazinon oxon to

concentrated the toxicants to acutely toxic levelseffluent toxicity. The 48-hour LC50 for diazinon oxon

fractions using HPLC and the toxicity of each

The concentrated sample was separated into 3Pas determined to be 1 pg/L. These data indicate that

the diazinon oxon concentration in the July effluent

fraction was measured. Again, the toxic fractionssample (1.45 pg/L) was high enough to contribute to
were combined and reconcentrated on another C1ie observed acute toxicity.

SPE column.

The combined toxic sample was then analyzed Q
GC/MS.

As shown in Table A-2, toxicity was consistently
isolated in the 75 and 80% methanol fractiong
although toxicity was also recovered in the 509
methanol fraction of one sample. Further separation
the toxicants by HPLC recovered toxicity in a
relatively narrow band of fractions (fractions 22 to 28)

Y TIE Procedure Update

Data on the chronic toxicity of organophosph
insecticides is limited. Unpublished data (TRA
» Laboratories, 1992) suggest that dubia may be
chronically sensitive to 0.12 to 0.38 pg/L diazinon (
bfalso Section 2). Chronic data would have been ug
in defining the potential for diazinon to contribute

hte
C

bee
eful
to

chronic toxicity at the Lawton POTW.

Table A-2. Summary of TIE Phase Il Results

Sample Collection Data (1992)
4/28 6/11 7/16

Sample

C. dubiapercent survival in 100% sample

Original effluent 50 0 0
Post C18 SPE 100 100 80
SPE eluate
(1x effluent) 0 0 0
Toxic methanol fractions (>20% mortality)
Methanol/water 50% 75% 75%
(1x effluent conc.) 75% 80% 80%
80%
HPLC fraction no. 15 25 22
(1x effluent conc.) 22-25 28 24
30

Organophosphate insecticides in effluent (ug/L)
Diazinon 0.22 0.42 0.71
Diazinon oxon 0.1 <0.1 1.45

GC/MS analysis of the toxic HPLC fractions identified

Further testing focused on confirming the contribution
of diazinon and diazinon oxon to effluent toxicity. A
partial Phase Il confirmation was performed using the
following steps (USEPA, 1989b):

« Assessing diazinon’s physical/chemical properties
in relation to the TIE results.

Determining the contribution of diazinon and
diazinon oxon to whole effluent toxicity based on
measured effluent concentrations.

Reviewing effluent toxicity data for a 3-year
period to determine if the occurrence of effluent
toxicity matched seasonal insecticide use
(Engineering Science, Inc., 1992).

Diazinon matches the general toxicant profile

developed as part of the TIE. Removal of diazinon on
the C18 SPE column and its elution at high methanol
concentrations is consistent with diazinon’s

characteristic as an organic chemical of low polarity.
The observed reduction in toxicity by pH adjustment
also is indicative of diazinon’s tendency to break down

several potentially toxic compounds, including theunder acidic and alkaline conditions.

organophosphate insecticide, diazinon, and

its

metabolite, diazinon oxon (Table A-2). The 48-hourConcentrations of diazinon and diazinon oxon were

LC50 of diazinon te&C. dubiais reported to range from
0.35to 0.61 pg/L (Amato et al., 1992; Ankley et al.
1991).
diazinonconcentrations in the Lawton effluent were
high enough to cause acute toxicitydodubiain two

measured in 13 effluent samples collected from April
1 through August 21, 1992. Chronic toxicity data for

Based on the low end of this range, théhe insecticides were not available at the time;

therefore, it was not possible to apply the correlation
approach. However, in seven cases, diazinon exceeded

of the three samples tested (0.42 and 0.71 pg/L for thtbe 0.35 pg/L acute toxicity value f6r dubia In two

June and July samples, respectively).
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of these cases, diazinon oxon concentrations also
exceeded the acute toxicity value of 1.45 pug/L. These



data suggested that diazinon and diazinon oxon westudy of the river in 1984 revealed a severe impairment
likely to cause mortality equal to or greater than thato aquatic communities downstream of the WWTP
found in the effluent samples. discharge. A review of the WWTP’s operating records
showed a history of intermittent bypasses of raw
A review of effluent toxicity data from 1989 to 1992 wastewater during storm events.
indicated a greater incidence of toxicity in the spring
and summer of each year when insecticides are moBased on the survey results, the Botzum WWTP was
often used. Effluent toxicity decreased in late summeselected by USEPA as a site for a TRE research study.
and fall and generally disappeared in the winteiThe research study focused on conducting toxicity tests
months. These data support the evidence that toxicigf the effluent and the bypassed wastewater and
is associated with insecticides. characterization of the variability and sources of the
impairment to the receiving water (Mosure et al.,

1987). In addition, TIE tests were performed to try to

TIE Procedure Update identify the effluent toxicants.

Confirmation of the role of diazinon and othpr
toxicants would have been more definitive if the ToxXicity test results indicated that although CSOs may

current Phase 1l procedures (USEPA, 1993b) |for contribute intermittently to poor rivequality, the
chronic toxicants had been applied. Useful procedfirescontinuous effluent discharge was probably the major
for confirming organophosphate insecticide toxigty cause of the observed impact (Mount and Norberg-
include the correlation, mass balance, and spgciesKing, 1985).

symptoms approaches. An example of the use of these

procedures is presented in Appendix F. The TIE testing isolated toxicity on the C18 SPE
column and the toxicity was eluted in the 85%
Based on previous studies (City of Greenville, 1991; Cmethanol/water fraction (Mosure et al., 1989). These
Kubula, personal communication, City of Greenville,results suggested that non-polar organic compounds
Texas, Public Works Department, 1992), the City ofwere a principal cause of effluent toxicity. Metals also
Lawton decided to implement a public awarenessvere implicated as effluenttoxicants. However, before
program in 1993 to control the discharge oftoxicant identification and confirmation could be
insecticides to the POTW. Information on the propeperformed, effluent toxicity abated.

use and disposal of insecticides was printed in

newspaper articles and on monthly water billsThe cause of this abatement is not known, although the
(Engineering-Science, Inc., 1993). An electronicfollowing events may have contributed to the improved
message sign with insecticide information was als@ffluent quality. These events include:

located at major intersections. Since August 1993, the

POTW effluent has met the toxicity permit limit < Increasing MLSS concentrations in the WWTP
(NOEC >96% effluent) with the exception of 2 months  aeration basins.

in 1994 and several months in 1995 (as of September The shutdown of a large chemical manufacturing
1997). Although diazinon was not confirmed as an  plant that discharged to the WWTP.

effluent toxicant, the City’s ongoing insecticide control < Overall improvements in WWTP operation and
effort appears to have been successful in achieving the pretreatment program (Mosure et al., 1987).
compliance with the chronic toxicity limit.

Biological surveys of the Cuyahoga River 1986
Akron, Ohio continued to show poor water quality despite the

A survey of six Ohio municipal wastewater treatmentdecrease in effluent toxicity (Mosure et al., 1987). Itis
plants was conducted to determine the level of toxicitossible that other dischargers to the river were
reduction that can occur in POTWSs (Neiheisel et al.contributing to the impairment or the recovery rate of
1988). Of the six WWTPs, the City of Akron’s the river was slower than anticipated.

Botzum WWTP received the most toxic influent

wastewater.  Significant toxicity reduction was Billerica, Massachusetts

achieved through treatment; however, the effluent hadh study was conducted at the City of Billerica’s

an impact on the Cuyahoga River. A bioassessmeM/WTP to evaluate sources of toxicity in the facility’s
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Toxicity Control Evaluation Update RTA Procedure Update

Abatement of effluent toxicity during the course |of | Toxicity screening tools such as Microfdxave been
TREs is not uncommon. However, efforts to ensure | used to identify sources of toxicity in POTW collectipn
ongoing compliance can be difficult when the origipal | systems. It is necessary to first determine if a

causes and sources of toxicity are not known. Thesq correlation exists between the compliance test and the
situations dramatize the importance of documenting| screening test to ensure that the toxicity measuref by
industrial pretreatment activities and POTW operatipns | the surrogate tool is the same toxicity indicated by|the
in the early stages of the TRE. Weekly or daily repgrts | species used for compliance testing. This correlation
of production and waste discharge activities |by | can be performed using POTW effluent; however, {tis

industrial users can provide a useful history of evgnts| important to note that correlation results may [be

that can be used to indicate potential sources. [Thiq different for individual industrial discharges. As|a
information is also helpful in subsequent pretreatnjent| result, the screening test may yield false positivg or
control studies if an industrial user is identified af a | false negative results.
source of toxicity (Botts et al., 1994).

The advantage of screening tests is that a large number
of samples can be processed at relatively low cost| As

] ) an alternative to these tools, POTW staff may consjder
collection system (Durkin et al., 1987). A purpose of ,sing the permit test species in an abbreviated |test

the study was to evaluate the usefulness of Micfotox procedure such as that used in the TIE (USEPA 1991).

as a tool for tracing sources of toxicity. The cost of these tests can be comparablg to
commercially available screening tests if the numbgr of
The Billerica study was conducted in five stages: replicates or sample concentrations is reduced of the

exposure time is decreased.
» Screening for WWTP influent toxicity.
» Testing samples from pump stations in thg Although this study indicated a potential source| of

collection system. toxicity, a final determination of the source(s) |of
« In-depth testing to determine the time of day wheh toxicity would require first treating the sewer samples
toxicity was observed at the pump stations. in a simulation of the POTW to provide an accurte

« Testing of the main sewer lines above the pumpestlmate of the refractory toxicity of the waste stream.

stations where toxicity was indicated. Otherwise, as dlsc_ussed in Se_ct_lon 5, the_ toxiity
. ; . results may overestimate the toxicity of the discharge
» Final testing of tributary sewers.

because some toxicity removal generally occurs in|the
POTW. A description of the updated RTA protocol|is
egiven in Section 5.

Of the 11 pump stations tested, 2 were found to ha
highly toxic wastewaters. In one of these pum
stations, high levels of toxicity occurred only during
the 8 a.m. to 2 p.m. time period. Further investigatiorBailey, H.C., J.L. Miller, M.J. Miller, L.C. Wiborg, L.
of the intermittently toxic pump station provided  Deanovic, and T. Shed. 1997. Joint Toxicity of
evidence that the principal source of toxicity was an  Diazinon and Chlorpyrifos Under Conditions of
industrial park. Acute Exposure t€eriodaphnia dubiaEnviron.
Toxicol. Chem 16: 2304-08.
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Appendix B

TRE Case Study:
Central Contra Costa Sanitary District, Martinez, California

Abstract approximately 25 pg/L.
TRE Goal: NOEC >10% 4. Source control measures were successful in
Test Organisms: Echinoderms$. purpuratus reducing Cu concentrations by approximately
andD. excentricu} 25%.
TRE Elements: TIE
Toxicant Identified: ~ Copper Introduction
Toxicity Controls: Pretreatment requirements Permit Requirements
The Central Contra Costa Sanitary District (CCCSD,
Summary Martinez, California) was required by the State Water

Chronic toxicity was detected in a municipal effluentQuality Control Board, San Francisco Bay Region, to
with the echinoderm fertilization assdy. excentricus conduct a TRE to identify the chemical constituents in
(sand dollar) appeared more sensitive to the effluertheir final effluent that were responsible for observed
than didS. purpuratugpurple urchin). A Phase | TIE chronic toxicity in the echinoderm fertilization toxicity
was conducted using procedures described by USEP#&sts. Results of monthly compliance tests showed
(1988a) that were adapted to the echinodernfrequent exceedance of the discharge permit limit
fertilization toxicity test. The Phase | TIE implicated (NOEC >10% effluent).

cationic metals as the cause of chronic toxicity, and

follow-up investigations suggested that Cu was théescription of the Treatment Plant

primary cation responsible. As partofthe TIE, toxicityThe CCCSD WWTP provides secondary level
tests were conducted on ammonia and several cationgeatment for combined domestic, commercial, and
No observable effect concentrationsifoexcentricus  industrial wastewater from a 126-square mile area with
were >13.4 pg/L silver (Ag), >9.4 ug/L Cd, 3.8 to 13.13 population of approximately 400,000. The treatment
Mg/l Cu, >0.7 pg/L mercury (Hg), and 10 mg/L plant has an average dry weather design capacity of 45
nitrogen as total ammonia. The data also suggestgfgd and currently discharges an annual average flow
that inter-specific differences in sensitivity to Cu andof 38.7 mgd into upper San Francisco Bay. Treatment
ammonia exist betweerD. excentricusand S. facilities consist of screening, primary sedimentation,

purpuratus activated sludge, and secondary clarification followed
by chlorination in contact basins. In the treatment
Key Elements process, waste-activated sludge is thickened via

1. TIE procedures for freshwater organisms can b#otation thickeners, and lime is added to assist in
successfully modified to apply with the dewatering with centrifuges. The combined primary
echinoderm fertilization toxicity test. and waste-activated sludge is dewatered and

2. This study demonstrated that Cu could havencinerated in multiple-hearth furnaces. The effluent
accounted for the intermittent effluent toxicity TSS and BOD concentrations average <10 mg/L. Total
observed. ammonia concentrations range from 10-35 mg/L with

3. Echinoderms exhibited comparatively highan average of 25 mg/L.
sensitivity to Cu with EC50s for both species of
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Toxicity Identification Evaluation
General Procedures

The echinoderm fertilization toxicity tests were

toxicity suggested that a divalent cation(s) was
responsible for toxicity in the samples tested. The
concurrent effectiveness of sodium thiosulfate in

conducted on the final effluent according to published®dUcing toxicity suggested that the potential suite of
procedures (Dinnel, et all982, as modified by

Anderson, 1989) using the West Coast speSies
purpuratusandD. excentricus The purpose of the tes

g cationswas limited to Cd, Cu, and Hg (USEPA, 1991).

In one case, toxicity also appeared to be increased by

+ temporarily reducing the sample pH to 3; greater

is to determine the concentration of a test substand@XICity at lower pHs has been associated with Cu
that reduces egg fertilization by exposed sperm relativeechubauer-Berigan et al., 1993).

to fertilization in a control solution. Two species were i
used in this test because the echinoderms are obtaingfcause the effluent samples contained moderate

from feral populations which are gravid at differen
times during the year. Effluent samples were 24-houP

tlevels of ammonia (20-25 mg/L total ammonia), the
otential contribution of ammonia to effluent toxicity

flow-proportional composites. Samples were screenefy@S détermined by comparison with ammonia toxicity

for toxicity within 36 hours of collection. The effluen

t tests.

This approach was takeecause the TIE

salinity was adjusted to 30% using hypersaline brin@uidelines evaluate ammonia toxicity by adjusting the
(90%), and the pH was adjusted to 8.0 £ 0.05.

Phase | TIE Studies

The results of this TIE have been published elsewhe
(Bailey, et al., 1995). The Phase | TIE uéd the

procedures described by USEPA (1988a).
completing the TIE manipulations, the effluent wa

salinity and pH adjusted as previously noted.

Table B-1. Summary of Results of Phase | TIE Conducted

on Two Effluent Samples withD. excentricus

Treatment

Sample 1

Sample 2

pH 3

No effect on toxicity

Increased toxicity

pH 11

Eliminated toxicity

No effect on toxicit}

Filtration

No effect on toxicity

No effect on toxicif

Aeration

No effect on toxicity

No effect on toxici

EDTA

Eliminated toxicity

Eliminated toxicity|

Sodium thiosulfate

Eliminated toxicity

Eliminated toxicit

Post C18 SPE
column

No effect on toxicity|

No effect on toxicit]

Methanol eluate
add-back

No toxicity

No toxicity

pH of the test solution and preliminary data indicated
that these pH adjustments adversely affected
fertilization success.

‘Eontribution of Ammonia to Toxicity

Aftef\Mmonia toxicity tests were conducted in natural

gSeawater spiked with ammonia chloride; fertilization
success was evaluated using logarithmically spaced
concentrations across a rangeldi to 100.0 mg/L N
as total ammonia. Test solutions were adjusted to pH
8.0 £ 0.05 prior to exposure.

The NOECs fob. excentricugndS. purpuratusvere

both 10 mg/L N as total ammonia. Based on the
unionized fraction, the NOECs were 0.21 and
0.17 mg/L N forD. excentricusand S. purpuratus
respectively (calculated per USEPA, 1988a). However,
large differences existed between the response of the
two species at concentrations higher than the NOEC.
ForS. purpuratusthe IC25 was greater than 100 mg/L

N as total ammonia (1.69 mg/L N as unionized
ammonia) compared with an IC25 estimate of 16.5
mg/L N (0.34 mg/L N as unionized ammonia) r
excentricus Because the upper limit of ammonia
concentrations in the effluent was 25 mg/L N as total
ammonia, these results suggested that ammonia alone

Phase | TIEs were conducted on two effluent sample§°uld notaccount for NOECs that wei@8% effluent,

The data for both samples (Table B-1) suggested th
EDTA and sodium thiosulfate were consistently th

most effective treatments in o i ]
Extraction of the sample with SPE columns did notdentification and Confirmation of the Role of
reduce toxicity, suggesting that non-polar organics anfationic Metals

weak organic acids and bases were not causes 9fnsitivity of echinoderms to cationic metals
toxicity. This conclusion is supported by the fact thatOnce it appeared that a divalent cation was responsible
elution of the columns with methanol did not yield for the effluent’s toxicity, candidate metal ions (Cd, Cu,
toxicity. The effectiveness of EDTA in eliminating and Hg) and Ag were evaluated for toxicity with

grconcentration that would correspond to a maximum

Of 8.25 mg/L N as total ammonia.

reducing toxicity.
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D. excentricusand S. purpuratus Metal solutions concurrent tests witB. purpuratusthe NOECs were
were prepared in moderately hard freshwater (USEPAL.5 to 2 times greater than those obtained With
1991) using reagent grade salts of Cu, Cd, and Hgxcentricus In two tests with Hg, no effects on
The CCCSD also was concerndabat the potential fertilization success were found at concentrations up to
for Ag to contribute to effluent toxicity; therefore, tests0.7 and 2.2 pg/L, respectively.

were performed with silver salts. Stock concentrations

of metals were confirmed by either graphite furnaceComparison of toxic concentrations of metals
(Ag, Cu, and Cd) or cold vapor (Hg) AA spectroscopywith concentrations found in the effluent

(APHA, 1989). Hypersaline brine was then added (1/3'he NOECs for each of the metals were compared
brine:2/3 metal solution) to bring the salinity to 30%,with the discharger's analytical records to determine
and the pHs of the solutions were adjusted to 8.0 ghich metals were present individually in the effluent
0.05 prior to exposure. This procedure was analogoug concentrations high enough to inhibit fertilization
to the preparation of the effluent samples prior tosyccess. Toxicity ratios were calculated for each metal
testing. Serial dilutions that incorporated a 50%metal concentration in effluent (ug/L) + NOEC
dilution factor were made from the stock solutions tqg/L)]. A ratio greater than 1 suggested that the
achieve exposure concentrations that bracketed thoggetal(s) was present in the effluent at concentrations
found in the effluent. The NOECs from multiple high enough to produce toxicity. Conversely, a ratio of
toxicity tests on Ag, Cd, Cu, and Hg with. 1 or less, suggested that the concentration of metal
excentricusndS. purpuratusre summarized in Table as <NOEC and, therefore, probably not directly
B-2.  Side-by-side comparisons between the twgesponsible for toxicity, although some additive effects
species are shown by the paired values in the table. could possibly exist in combination with the other

metals present.
Table B-2. NOECs Obtained forD. excentricusand

S. purpuratusExposed to Different Metals* Toxicity ratios calculated for each metal are presented
NOECS (ug/L) in Table B-3 forD. excentricus The comparatively
Metal 5 sesits| & mmEE small ratios associated.with Ag, Cd, and Hg suggest
i i that effluent concentrations of these metals were not
Ag >13.4 >13.4 high enough to produce the intermittent toxicity
cd 0.4 Not tested assoc;igted with the efﬂuen’t. (':'u was .the mqst
>67'O ~67.0 promising of th.e'meta'ls to be identified in this analysis
: : as effluent/toxicity ratios frequently exceeded 1.
Cu 10.0 20.0
13.1 19.7 Table B-3. Comparison of Effluent Concentration of
5.4 Not tested Selected Metals with NOECs Derived from Laboratory
38 Not tested Studies with D. excentricus
8.0 Not tested Effluent
Hg ~0.7 ~0.7 Metal | concentration* [ NOEC* Ratio
>2.2 Not tested Ag <0.2-4.0 >13.4 <0.3
* When seasonally available, concurrent tests were conductdd g <0.2 >9.4; >67 <0.2
with both species. Values given as pg metal/L (Bailey et al.
1995). Cu 5.0-20.0 3.8-131 04-508
In some cases, seasonal spawning constrainfs pg <0.2-0.4 >0.7:>2.2 <0.6

precluded conducting concurrent tests with
purpuratus One comparison was conducted with Ag;
the NOECs for both species were >13.4 pg/L. TwQConfirmation of the role of Cu in effluent toxicity

tests were conducted with Cd; in both cases the higheghe next confirmation step compared fertilization
concentrations tested (9.4 and 67.0 pglL) failed tQccess in an effluent sample against that in seawater
produce any measurable effects on fertlllzatlorgpiked with copper sulfate (Cu§Oto the same
success. Five tests were performed on Cu Bith  cqncentration found in the effluent. These exposures
excentricus The NOECs ranged between 3.8 and 13.3ere  conducted simultaneously using the same

Hg/L with an average of 8.1 ug/L. In two of threeyametes fror. excentricusFertilization sacess also

* Values given as 7.5 (80.0 = 2.0)pg metal/L.
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was evaluated in an effluent sample spiked wiffable B-4. Comparison of NOECs, LOECs, and Percent
different concentrations of Cu, such that Subsamplefﬁfti”zation Obtaiped wit.h D. excentricu€Exposed to Effluent
the effluent contained 1, 2, and 3 times the amount Seawater Spiked with Cu
Cu (measured concentrations) as the original samgle. Treatment NOEC* LOEC*
fSerlal dilutions, which incorporated a 50% dilution Effluent 3.8(89.3+30) 7.5(73.3461
actor, were then prepared from the unspiked and pX
spiked samples and fertilization success evaluated witbeawater Cu 7.5(80.0+2.0) 7.5(80.02.0
D. excentricus Depending on the results, it could b¢spike
determined whether Cu WaS reSp_O”SIbIe for tOXI(_:Ity oercent fertilization given in parentheses (mean * SD).
the effluent. The reasoning was if Cu was the primary
factor controlling toxicity, then the LOECs and The results of this study suggest that cowld have
NOECs obtained for the spiked and unspiked samplesccounted for the intermittent toxicity demonstrated by
should be the same, based on Cu concentratiothe echinoderm fertilization test. Of the four metals
Similarly, based on percent effluent, the NOEC anddentified in the Phase TIE, Cu was the only one that
LOEC associated with the spiked sample should be oreecurred in the effluent at concentrations that
dose level lower than in the unspiked sample. overlapped the toxic range. Confirmatory studies
conducted with two different effluent samples also
The results of parallel toxicity tests withexcentricus  showed that Cu could account for the adverse effects
on effluent and seawater spiked with Cu atobserved with the whole effluent. Paired tests also
concentrations found in the effluent are summarized isuggested that Cu exhibited greater toxicity to
Table B-4. Based on Cu concentration, the NOECB. excentricushan taS. purpuratus This is important
and LOECs were the same between the effluent samptecause S. purpuratus generally exhibited less
and the concurrent toxicity test with seawater spikedensitivity to the effluent.
with Cu. Furthermore, the percent fertilization was
similar at corresponding Cu concentrations in botlSource control measures implemented by the CCCSD
toxicity tests. These data suggested that Cu accountsdccessfully reduced Cu concentrations in the effluent
for the reduction in fertilization success associatdtd by 25%. This reduction made it difficult to obtain
this effluent sample. Fertilization success in arsamples with sufficient toxicity to fully complete the
effluent sample and the same sample spiked with Cu tonfirmatory phase of the TIE. In fact, nearly all the
shown in Table B-5. samples tested at the end of the TIE failed to produce
a measurable response wghpurpuratus

~

~

Discussion

The data demonstrated that procedures for conductinfgCknowledgments

TIEs with freshwater organisms can be successfullirhis work was supported wholly or in part by the
applied to the echinoderm fertilization toxicity test. CCCSD, Martinez, California. Bart Brandenburg,

Table B-5. Percent Fertilization Obtained withD. excentricusExposed to Effluent and Effluent Spiked with Cu*

Unspiked effluent Effluent spiked with Cu
Effluent (%) png/L Cu Fertility (%) Effluent (%) pg/L Cu Fertility (%)
0.0 0.0 96.0+2.5 0.0 0.0 96.0+2.5
8.4 0.8 96.7+3.1 8.4 1.6 90.7+2.3
16.8 1.6 97.3+1.2 16.8 3.3 90.3+2.3
335 3.3 91.3+1.2 33.5 (1xCu) 6.6 83.3 2.7t
67.0 (1xCu) 6.6 82.0+ 4.7t 67.0 (2xCu 13.2 74.8 £2.Pt
67.0 (3xCu) 19.8 71.7 +£12.97

* Fertilization data are the means and standard deviations of three replicates.
T Significantly less than controlg;< 0.05.
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Bhupinder Dhaliwal, and Jim Kelly of the CCCSD
managed the various aspects of this project. The TRE
studies were conducted atQVA-Science, Davis,
California, under the direction of ileey L. Miller,
Ph.D., and Michael J. Miller.
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Appendix C

TRE Case Study:
City of Reidsville, North Carolina

Abstract (NCDEM) to conduct a TRE based on evidence of
TRE Goal: NOEC >90% chronic effluent toxicity atits POTW. Monthly
Test Organism: C. dubia NOECSs forC. dubiahave averaged about 35% effluent
TRE Elements: TIE and Toxicity Tracking Since 1992. These values show that chronic effluent

Assessment (RTA) toxicity has consistently exceeded the discharge permit
Toxicant Identified:  Surfactants NOEC limit of 90% effluent.
Toxicity Controls: Pretreatment requirements

Background

Summary In 1992, the City submitted a TRE plan and initiated

The TRE study used a novel approach to identify th&IE studies to determine the cause(s) of the effluent
sources of POTW effluent toxicity. Subsequenttoxicity. Chronic TIE Phase | (Tier I) tests indicated
modifications in chemical usage by industrial that surfactants were the principal toxicant group. This
contributors successfully reduced effluent toxicity toevidence was based on toxicity reduction by filtration,
the NOEC limit in 1994. Further studies are inaeration, and C18 SPE in the Phase | tests. TIE Phase
progress to ensure consistent compliance with the tests were performed to try to identify the toxic

toxicity limit. surfactant compounds; however, the results were
inconclusive because of the difficulty in isolating the
Key Elements toxicants and the lack of conventional analytical

1. Other TRE procedures can be used if the TIBechniques for surfactant compounds. The toxicants
cannot identify the effluent toxicants. One suchremoved by the C18 SPE column were recovered by
procedure uses a toxicity-based tracking approacgluting the column with methanol, but toxic
to locate the sources of toxicity in municipal compounds could not be identified in the column
collection systems. extract (Burlington Research Inc., 1993).

2. The toxicity-based tracking approach, referred to
as the RTA procedure, can be adapted to fit théh cases where the TIE is not successful in identifying
site-specific conditions at each POTW. the effluent toxicants, other TRE steps can be used to

3. Once identified, the toxic contributors can begather information on the nature and sources of
required through the industrial pretreatmenteffluent toxicity. USEPA and several municipalities
program to reduce the discharge of toxicity.have worked together in USEPA funded studies to
Practical control techniques are available todevelop the RTA method, which can be used to assess
industries, including substitution of toxic the potential toxicity contribution from indirect
chemicals, waste minimization, and pollution dischargers in sewerage collection systems (USEPA,

prevention. 1989a; Botts et al., 1987; Morris et al., 1991; Fillmore
etal., 1990; Collins et al., 1991). The RTA procedure
Introduction involves treating industrial wastewater samples in a

The City of Reidsville was required by the NorthPench-scale, batch simulation of the POTW, and
Carolina Division of Environmental ManagementM€asuring the resulting toxicity. ~ The toxicity
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remaining after batch treatment, referred to aJable C-1. Chronic Toxicity of Raw Industrial
refractory toxicity, represents the toxicity that passey/astewaters
through the POTW and is discharged in the effluent C. dubiaChronic Pass/Fail Result*

Several municipalities have successfully used the RTA May June July April
procedure to identify industrial sources of toxicity Industry | 1992 1992 1992 1993
(Botts et al., 1992; Morris et al., 1991; and - - - .
Engineering-Science, Inc., 1992). A Fail Fail Fail Fail

B Fail NTT Fail Fail
Description of Treatment Plant C Fail Eail Fail Fail
The major treatment processes at the Reidsville POT\i# - : :
are extended activated sludge treatment and filtratiop.___° Fail NT Fail Fail
Influent wastewater, which averages 2.8 mgd, is E Pass Pass Fail Fail
initially screened and then treated in two activated = Pass Pass Pass NT
sludge aeration basins equipped with mechanicgt
surface aerators. Both carbonaceous BOD and G Pass | Pass Pass NT

ammonia are removed in this single-stage aeration Tests were conducted using industrial wastewater diluted
system. After 48 hours contact time, the basin effluent according to its percent contribution to the total POTW
flows to the final clarifiers for solids clarification. The  influent.
clarified effluent is then passed through sand filters to T NT = Not tested.
remove remaining suspended solids that may
contribute to effluent BOD. Thalter effluent is  Table C-2. Description of Industries Evaluated in the

TA

disinfected with chlorine gas and dechlorinated an

aerated prior to discharge. Waste activated sludge |s Flow %Flow* to

thickened and aerobically digested for land application} Industry Type (mgd) POTW
o A Textile 1.072 65

Refractory Toxicity Assessment Procedure Tob

Selection of Industries for Testing B P?oo?jgtz 0.308 28

Acute and chronic toxicity tests were performed o

raw wastewater from the seven permitted significanf C Can 0.085 10

industrial users in the Reidsville collection system Making

The industrial wastewater samples were tested &t Food

concentrations that reflected the average flow D Processing 0.189 12

contribution of the industries to the POTW (dilutions Metal

were made with reconstituted lab water). E Finishing 0.031 2

The results showed that five of the seven industrieg_Domestic 38

were contributing chronic toxicity to the POTW (Table * gased on maximum industrial flow and minimum
C-1). It is possible that at least some of the raw POTW influent flow, except for domestic, which is
wastewater toxicity would be removed by treatment at based on average flow and minimum POTW influent
the POTW; therefore, the five toxic industrial users ~flow.

were selected for further evaluation by RTA testing. A

description of the industries evaluated in the RTA i

provided in Table C-2 S1990), single and two-stage nitrification processes

(Collins et al., 1991), and BNR systems (Botts et al.,

Test Procedure 1992).

A step-by-step description of the RTA procedure is . .
given in Section 5 and Appendix J. The genericThe RTA simulated the two main treatment processes

procedure must be adapted to simulate the treatmefit € Reidsville POTW: the activated sludge and sand
processes and operating conditions at each poTltration processes. Wastewater samples were first

Several types of treatment processes can be simulatéfﬁated in biological reactors and then the clarified
including conventional activated sludge systems (Bott&ffluents were passed through a bench-scale sand filter
et al., 1987; Morris et al., 1991; and Fillmore et al. column.

99



Two types of simulations were tested as shown imlomestic wastewater, and POTW effluent were
Figure 5-2 (see Section 5). A control simulated theollected for testing. In addition, a grab sample of the
existing treatment conditions and treated only theOTW RAS was collected on the day of testing.
POTW influent. The second simulation evaluated th&omestic wastewater was tested because TRE studies
addition of the industrial discharge to the POTW andat other municipalities have shown that domestic
treated the industrial wastewater spiked into the POTV8ources can contribute to effluent toxicity (Botts et al.,
influent. 1990). The POTW effluent served as a baseline for
comparison with the RTA control to determine if the
The amount of industrial wastewater spike representeiieatment performance of the simulations and the
the conservative condition of maximum industrial flow POTW were similar.
and minimum total influent flow at the POTW. The
operating conditions for the simulations are described oxicity Monitoring
in Table C-3. Following biological treatment, the clarified reactor
effluents were passed through the sand filter column
Table C-3. Comparison of Operating Conditions forthe  gnd the resulting filtrates were tested for chronic
City of Reidsville POTW Processes and RTA Simulation toxicity usingC. dubia the test species specified in the

Tests NPDES permit. Each RTA effluent sample was used
POTW Process | Treatment |  RTA for both test initiation and renewals on days 3 and 5 of
Specifications Plant Simulation the toxicity test (USEPA, 1989b).
Activated Sludge Process
Mixed liquor solids Results
(mg/L) 2,200-2,500) 2,240-2,740 g ;rce Characterization
DO (mg/L) >2 2.4-92 Two rounds of RTA tests were used to characterize the
T iod sources of toxicity. As shown in Figure C-1, the
hrea';ment perio 48 48 effluent TUc for the two control simulation tests in
(hou _S) Round 1 were 3.8 and 3.1. These values compare well
Sand Filter Process with the POTW effluent (TU&3.6). The control
Filtration rate simulation effluents in Round 2 also exhibited similar
(gpmi/sf) 0.8 0.8 toxicity (TUc =3.0 and 2.9) as the POTW effht
- (TUc=3.4). These results indicate that the RTA test
Total fllter- area. (sh 2,520 0.09 accurately simulated the POTW with respect to toxicity
Sand particle size 045 0.45 treatment.
(mm)
Sand depth (incheg 10 10 As shown in Figure C-1, the effluent from the
Water depth on S|mulat|qn splked_ with Industry A wastewater was
filter (ft) P 0-7 0.1-2.5 about twice as toxic (TUc=6.7) as the control effluents
in both rounds of tests. Effluent TUc values for the
Backwash rate 12 5 (estimatedP simulations spiked with other industrial wastewaters
(gpmy/sf) were similar to or less than the effluent TUc for the
controls.

The results of the control and spiked simulations are o results of both rounds of testing indicate a
compared to determine whether addition of the 9

) . X o potential for Industry A to contribute toxicity to the

industrial wastewater increases effluent toxicity. An . . X .

. . 7 POTW. The results for the simulations spiked with the

industry would be considered a source of toxicity if the ; . .
. . L : other industrial wastewaters suggest that Industries B,

effluent of the spiked simulation is more toxic than the ) L

control effluent C, D, and E do not contribute measurable toxicity to

the POTW.

Sampling Toxicity Confirmation

I_hr;%em:]ouggs dOfT\I/?vZ'rA]\t t_E]fCS)LSr r\:\(l) ifcggf%rsrpéi:%elre% recent study for a New Jersey municipality found
P ’ Y P . P%hat an industry was contributing toxicity in amounts
of the industrial wastewaters, POTW influent,
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Round 1 Toxicity Results
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Figure C-1. Results of RTA (rounds 1 and 2).
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high enough to mask other smaller sources of toxicityhat Industries C and D are not contributing significant

(Morris et al., 1991). It was necessary to remove theoxicity to the POTW.

larger source of toxicity from the RTA test regime

before other significant sources could be identifiedThe simulation spiked with domestic wastewater had

The City of Reidsville decided to conduct a third roundgreater effluent toxicity (TUc=2.3) than the control

of tests to determine if a similar situation was(TUc=1.2). These results suggest that this waste

occurring at their POTW. stream may be a source of toxicity; however, results of
Round 1 and 2 indicate that domestic wastewater

Round 3 involved using a mock in#nt that did not collected from other areas of the collection system is

contain Industry A wastewater. The mock influent wasot a problem. Further studies are planned to evaluate

used in lieu of the POTW influent for the controls andthe potential toxicity contribution from domestic

the spiked simulations. The mock influent consisted ofources throughout the collection system.

samples collected from each major sewer line with the

exception of the sewer receiving Industry ADiscussion

wastewater. The results of this study indicate that Industry A is a
o . . major contributor to chronic effluent toxicity at the

Toxicity results for the RTA simulation effluents are Reidsville POTW. None of the other industries (B, C,

presented in Figure C-2. A comparison of resultyy and E) were found to discharge measurable toxicity

shows that the effluent of the Industry A spikedeyen after the potential toxicity interference from
simulation was several times more toxic (TUc=6.8)|ndustry A was removed.

than the control effluent (TUel.2). These results

provide further evidence that Industry A is a source ofn january 1994, the City of Reidsville implemented a
toxicity. The simulations spiked witlndustry C and  program to minimize or eliminate the discharge of
D wastewater had similar effluent toxicity (TUc=1.3 jnqustrial chemicals that may contribute to the POTW
for both) compared to the control. These data indicatgffyent toxicity. Although the RTA results indicated

Round 3 Toxicity Results

Chronic TUs (100/IC25)

Control | Control | POTW | A B C D E Domestic

Simulation Tests

Note: A replicate control and POTW effluent were not tested in round 3. Industries B and E were not indicated to be sources

of toxicity in rounds 1 and 2; therefore, these industries were not tested in round 3.
1010P-11

Figure C-2. Results of RTA (round 3).
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that Industry A is the major contributor of chronic approach has evolved to suit other purposes. In
toxicity, all of the City’s eight permittechdustrial  addition to toxicity tracking (Collins et al., 1991), the
users were requested to participate. The prograRTA protocol has been used to determine the
involved: compatibility of plaaned discharges to POTWSs
(Engineering-Science, Inc., 1992, 1993) and to
* An evaluation of current chemical usage and theestablish compliance with toxicity-based pretreatment
selection of alternative materials of low toxicity, limits (Morris et al., 1991).
low inhibition potential, and high biodegradability.
« An on-site evaluation of waste-minimization Acknowledgments

practices by the North Carolina Office of Wasteyrlington Research, Inc. (Burlington, North Carolina)
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Appendix D

TRE Case Study:
City of Durham, North Carolina

Abstract improve toxicity reduction, such as nitrification
TRE Goal: NOEC = 100% treatment for ammonia removal; however,
Test Organism: C. dubia additional evidence is needed to confirm the
TRE Elements: Toxicity treatability expectation.

evaluation 2. A Dbench-scale simulation of the upaded
Toxicant ldentified: TIE not performed treatment system can be used to generate an
Toxicity Controls: Proceeded with planned effluent that is similar to the effluent expected for

POTW upgrades the new POTW. Calibration tests should be

performed to ensure that the quality of the

Summary simulation effluent is similar to that of the planned

The City of Durham evaluated the expected toxicity ~POTW effluent.
reduction to be achieved by planned upgrades of thef- The treatability approach should be thoroughly
POTWSs. Chronic toxicity reduction was evaluated  described in the TRE plan and the regulatory
through the use of bench-scale simulations of the authority should accept the plan prior to testing.
upgraded POTWs. Results indicated that the new _
POTWs would reduce chronic toxicity to compliancelntroduction
levels. Based on this evidence, the TRE was waiveBermit Requirements
until the new POTWs were online and effluent toxicitySince 1987, NCDEM has required the City of Durham
reduction could be confirmed. The upgraded POTW$o monitor the effluents of its four POTWs for chronic
became operational in late 1994 and effluentoxicity using the North Carolina pass/fail test. The
monitoring results have shown no chronic toxicity afterpass/fail test consists of 10 replicates of the effluent at
consistent treatment performance was achieved.  the critical instream waste concentration (IWC) and a
control. The effluent test concentrations corresponding
Key Elements to the IWC were 63.8% for the Eno River POTW,
The TRE study used a unique approach to evaluatd00% for Lick Creek POTW, 98.7% for Farrington
chronic toxicity reduction. This appach may be Road POTW, and 100% for Northside POTW. The
useful to other municipalities that have TREtest results indicated unacceptable levels of chronic
requirements, yet are planning upgrades of theieffluent toxicity for each of the four POTWs. In each
POTWSs. The key elements of interest in the City ofcase, a statistically lower number ©f dubiayoung
Durham study include the following: were observed in the effluent concentration as
compared to the control.
1. In cases where POTW staff are planning to
upgrade their POTWSs, it may be more practical tdased on the effluent toxicity monitoring results,
evaluate the toxicity reduction to be achieved byNCDEM required the City of Durham to initiate a TRE
the upgrade than to conduct TIE tests on thén January 1990. The goal of the TRE was to identify
existing POTW effluent. The treatability approachmethods for reducing chronic effluent toxicity to
is recommended when the upgrade is expected @cceptable levels at each of the treatment plants by
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January 1991. The City of Durham submitted a plartreatment, like the Northside plant, will involve alum
within 60 days that described a unique approach fdreatment, filtration, and UV disinfection.
implementing the TRE program.

Wastewater Treatment Plant Simulations
Instead of the traditional TRE approach of testing therhe new treatment processes for the Northside and
existing effluents, the City proposed to evaluate thgarrington Road POTWSs were planned to be similar;
expected chronic toxicity reduction to be achieved byherefore, the simulation designs were nearly identical.
planned upgrades to the POTWs. Toxicity reductiom patch mode of operation instead of a continuous
would be evaluated through the use of bench-scalgow mode was selected to reduce study costs. Both
simulations of the upgded POTWSs. This approach gimylations, as shown in Figure D-1, comprised a BNR
was favored over conventional TRE methods, such gsocess, followed by alum flocculation.ttieg, and
TIE tests, because it was anticipated that the degregfiuent filtration. Phosphorusnd nitrogen removal
and nature of the effluent toxicity would change uponyas achieved in the BNR process, which involved

startup of the new treatment plants. treating the influent wastewater with activated sludge
o in five consecutive stages (anaerobic, anoxic, aerobic,
Description of the Treatment Plants anoxic, and aerobic). The BNR process effluent was

In 1990, the City of Durham, North Carolina, had fourthen treated with alum and passed through a dual
POTWs: Eno River (2.5 mgd), Farrington Road (13media filter column to remove additional phosphorus.
mgd), Lick Creek (1.5 mgd), and Northside (10 mgd).Chronic toxicity tests using. dubia(USEPA, 1989)
In anticipation of the need for additional treatmentwere performed on the final simulation effluents to
capacity, the City decided to close the Eno River andvaluate the expected effluent quality of the full-scale
Lick Creek treatment plants and divert the flow to anreatment systems.
expanded Northside plant. Atthe same time, NCDEM
established draft permit limits for several parametersgimulation of the Northside POTW involved treating
including phosphorus. The new permit limits would the combined influents of the three POTWSs scheduled
require advanced wastewater treatment; therefore, #dor consolidation: the Eno River, Lick Creek, and
addition to the Northside plant expansion, the City ofNorthside plants. The influents were combined in
Durham decided to upgrade the Northside angroportion to their respective flow rates. The
Farrington Road POTWs plants to include BNRFarrington Road POTW influent was used directly in
treatment. the simulation tests of the Farrington Road facility.
Each simulation influent was settled for approximately
During the TRE, the Northside POTW comprised2 hours to simulate primary sedimentation.
primary treatment followed by trickling filters, a
single-stage nitrification process, secondaryThe activated sludge used in the simulations was
clarification, and chlorine disinfection. The Northside collected from a municipal treatment plant that had a
POTW upgrade involved building a new treatmentBNR process similar to the system planned for the City
system in parallel with the existing system, whichof Durham POTWs. RAS was collected from the
would treat the flow diverted from the former Enoplant's clarifier return line and mixed liquor solids
River and Lick Creek plants. The new treatmeniyere collected from the aeration basins. RAS was
system was planned to consist of primary clarifiers anghixed with the simulated primary effluent in the first
a five-stage BNR process designed to remove nitrogeBNR  simulation stage (anaerobic).  Phosphorus
and phosphorus. Effluents from the new and existingemoval was enhanced in the subsequent BNR stages
treatment systems will be combined, treated withby replacing a portion of the RAS with nitrate rich,
aluminum sulfate (alum), passed through a filtrationaeration basin sludge. The nitrate was an essential
process, and disinfected by UV light prior to dischargeource of oxygen for phosphorus removing bacteria in
to Ellerbe Creek. the BNR anoxic stage.

The Farrington Road POTW was planned to berollowing biological treatment, the activated sludge
converted from a two-stage nitrification process to avas settled and the clarified effluent was withdrawn
five-stage BNR process similar in design to thatand treated with alum. Alum treatment involved flash
planned for the Northside plant. Final effluentmixing and settling. The clarified supernatant was then
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Figure D-1. Flow diagram for wastewater treatment simulations.
passed through an anthracite/sand filter column, whiclihe calibration testing involved varying the operation
was operated in a constant headloss mode. Prior @ the simulations and monitoring the resulting effluent
testing, the anthracite and sand in the filter columnguality. The objective was to achieve a reduction in
was distributed by backwashing the columns in thénfluent concentrations of BQPCOD, TKN, NH;:-N,
upflow direction using tap water. The filter columnsNO;-N, TP, PQ-P, and TSS to levels approximating
were then rinsed with deionized water in thethose expected inthe effluents of the planned treatment
operational (downflow) mode. plants. Treatment performance was evaluated by
varying the treatment times for each step.
The general operating conditions for the treatment
simulations are shown in Table D-1. Some of theThe treatment times evaluated during the calibration
operating procedures for the simulations were modifiedesting were 90, 100, and 110% of the design HRT. A
during calibration testing to achieve the desirecsummary of the conventional pollutant results for the
treatment performance. calibration study is shown in Tables D-2 and D-3.
Also shown are the monthly average permit limitations
Calibration of the Treatment Simulations and the design effluent characteristics for the planned
Prior to the toxicity evaluation, calibration tests werefacilities.
performed to match the simulation performance to
expected performance for the upgraded POTWs. Als@iological Treatment
several toxicity tests were performed during theAll BNR process simulations successfully achieved
calibration testing to verify that the simulation carbonaceous BQremoval and nitrification. As
materials and additives (i.e., activated sludge, alumghown in Table D-2, the batch biological process
would not introduce unexpected toxicity. The toxicity removed BOL, COD, and ammonia concentrations to
tests followed USEPA procedures (1989)dodubig ~ well below design effluent levels. TKN concentrations
the test organism specified in the City’s dischargén the simulation effluents also met the design levels.
permits.
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Table D-1. Farrington Road and Northside Simulation Operating Conditions

Farrington Road Northside
POTW POTW
Parameter Design* Simulation Design* Simulation

Biological Treatment Step
Primary effluent volume 24.5 mgd 100%

Eno River 3.00 mgd 14.0%t

Lick Creek 6.94 mgd 32.3%t

Northside 11.53 mgd 53.7%t
Average MLSS 3,000 mg/L 3,508 mg/L 3,000 mg/L 3,481 mg/L
Minimum DO

Anaerobic 0 mg/L <0.2 mg/L 0 mg/L <0.2 mg/L

1st Anoxic 0 mg/L <0.2 mg/L 0 mg/L <0.2 mg/L

1st Aerobic 2 mg/L 2 mg/L 2 mg/L 2 mg/L

2nd Anoxic 0 mg/L <0.2 mg/L 0 mg/L <0.2 mg/L

2nd Aerobic 4 mg/L 4 mg/L 4 mg/L 4 mg/L
Temperature“C) 10-26 20-25 12-29 20-25
Alum/Filtration Treatment Steps
Alum dose after biological 10 mg/L 20 mg/L 5 mg/L 10 mg/L 8
treatment
Depth of anthracite/sand in filter 8"/8" 8"/8" 18"/12" 18"/12"
Constant headloss level in filter 4 ft 4 ft 2-8 ft 4 ft
Average filtration rate 2.4 gpmidft | 2.4 gpm/ftt 4 gpm/ft 4.1 gpm/ft#

* Source: Hazen and Sawyer; R.L. Taylor, personal communication to J.A. Besign Information for the Treatment
Plant Expansions December 101990, Raleigh, North Carolina.

T Percent of total simulation influent volume.

1 Filtration rate was 4.2 gpnfor April 4-5 simulation.

§ Alum dosage increased to 20 mg/L for April 10-11 simulation.

# Filtration rate was 7.1 gpniftor April 4-5 simulation.

The BNR simulations did not consistently achieve thevould be expected. These results demonstrated that
effluent permit levels for phosphorus (Table D-2). Nophosphorus removal can be achieved in the batch
phosphorus removal was observed in the April 4-5 tessimulation tests. The lack of phosphorus removal in
For subsequent tests, the percentage of aeration basie April 18—19 test appeared to be related to the poor
sludge added to the anoxic stage was increased tpiality of the activated sludge on the day of testing.
stimulate phosphorus removal. This modification

resulted in a decrease in phosphorus to near desidine BNR simulations also did not achieve consistent
levels in the April 10-11 test. As shown in Table D-3,denitrification (Table D-2). The Northside simulation
phosphorus was initially released by the bacteria in theest on April 10-11 reduced nitrate to a level
anaerobic stage, which is common in BNR systemg1.7 mg/L) close to the design effluezdncentration
However, unlike the April 4-5 test, the phosphorug1.0 mg/L). All other simulation tests achieved only
was re-assimilated in the anoxic and aerobic stages alght nitrate removal. The lack of nitrate removal in
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Table D-2. Comparison of Calibration Test Results to Permit Limitations and Design Criteria (mg/L)

Monthly Average* Calibration Results
Effluent Permit Designt Effluent

Parameter Limits Characteristics Apr 4-5 Apr 10-11 | Apr 18-19
Northside POTW
BOD, 24.0/12.0 5 1 1 1
COD NA 51 21 17 26
TSS 30 10 0 5 0
TKN NA 1.5 1.5 15 0.9
NH.-N 16.0/8.0 § 0.5 0.2 0.1 0.05
NO;-N NA 4.75 5.9 1.7 12.4
TP 2 0.5 6 0.8 6
Farrington Road POTW
BOD, 10.0/7.0 5 1 1 1
COD NA 45 23 26 23
TSS 30 10 1 5 2
TKN NA 1.5 1.9 1 0.8
NH,-N 4.0/2.0 0.5 0.1 0.1 0.1
NO;-N NA 1 7.1 6.5 14.7
TP 2 0.5 7.4 0.6 7.1

* Values are interim limits for the period beginning January 1, 1991, and lasting until 3 months after construction completion.
t Source: Hazen and Sawyer, R.L. Taylor, personal communication, to J.A.[Rwign Information for the Treatment
Plant ExpansionsDecember 101990, Raleigh, North Carolina.

1 Winter and Summer limits, respectively.
§ No limit established in permit.

the Farrington Road simulation may have been due tdosages (10 mg/L for Farrington Road POTW and
the short anoxic treatment time (approximately 35 mg/L for Northside POTW). Alum dosages were

hours) as compared to the Northside simulation (Morg,,e p-3.

Total Phosphorus Results (mg/L) for the

than 4 hours). The simulation procedure was modifiedajibration Tests Conducted on April 10-11, 1990

to increase the anoxic treatment time for the Farringtd

n

i ) . R Farringt
Road simulation to attempt to achieve denitrificatior] ag'ggdon Northside
during the effluent toxicity evaluation. Wastewater/Sludge Simulation | Simulation
The toxicity test results indicated that the RAG'Mfuent 5.49 3.95
supernatant used in simulation testing was not acutg\RAS 13.5 13.5
. 0 X
toxic (LC50x> 100%). Therefore, the activated slud_g_e Basin sludge 413 413
was not expected to cause an acute toxicitl
interference in the simulation tests. Biological treatment
Anaerobic effluent 32.2 20.7
1st aerobic effluent 2.33 3.05
Alum Treat_ment . 2nd aerobic effluent 1.48 1.78
As shown in Table D-3, only a slight removal of (Clarifier effluent)
phosphorus was observed in the alum treatment stq D ium treatment ank 106 Lo5
Solids flocculation did not occur at the designed alum U Treatmen’ supernatan i .
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increased two-fold; however, no additional phosphoru3able D-4, were based on the treatment performance
removal was achieved. that was consistently achieved in the calibration tests.

The effect of alum on effluent toxicity was evaluatedTreatment Performance Results

by comparing the toxicity of the wastewater before angh summary of the conventional pollutant results for the
after alum treatment. The results show that the alumimulation effluents is shown in Table D-4. The
did not add acute toxicity to the wastewater (i.e., LC5Qesults show that the simulations consistently achieved

>100% before and after alum addition). the design effluent concentrations for BQITOD,
_ _ TSS, and ammonia. Effluent TKN concentrations
Filtration Treatment were within the simulation performance criterion of

The filter columns were very efficient in removing 5 mg/L. The effluent concentrations of total
suspended solids (Table D-2). As a result, nutrientghosphorus and nitrate also were within the simulation
and COD associated with the solids were furtheperformance criteria levels. Overall, the simulation
reduced. Totgbhosphorus concentrations decrease@ffluents were judged to be suitable for toxicity
by nearly half after filtration (Table D-3). analysis based on the simulation performance criteria.

The deionized water rinsates from the filter columnsToxicity Evaluation Results

were analyzed for toxicity prior to testing. The resultsResults of toxicity tests, presented in Table D-5, show
indicated that the filter media would not add acutehat the simulation effluents were not acutely toxic to
toxicity to the simulation effluent (rinsate LC50 C. dubia (48-hour LC5@100% effluent). Chronic

>100%). toxicity results show that the simulation effluents did
not inhibit C. dubiareproduction (NOEC of 100%
Discussion of Calibration Results effluent). Only the effluent of the Farrington Road

The calibration results indicated that bench-scale tesgimulation on May 29-30, 1990, adversely affeced
could effectively simulate the effluent quality expecteddubiasurvival (NOEC = 75% effluent). The chronic
for the new POTWSs. Pollutant removal was similartoxicity of this effluent was due to significant mortality
whether the simulations were tested at 90, 100, dh the 100% effluent concentration.

110% of the design HRT. BQDCOD, TKN,

ammonia, and TSS were consistently reduced to levefsulfide was detected in the May 29-30 Farrington
expected to be achieved by the planned facilitiesR0oad simulation effluent at a concentration that may be
Although nitrate and phosphorus were not treated tehronically toxic toC. dubia(1.6 mg/L). The sulfide
design effluent levels, no adverse effects on toxicifNOEC forD. magnaat pH 7.6-7.8 is reported to be
treatment in the simulations were anticipated. Thd.0 mg/L (USEPA, 1990). Although the toxicity of
calibration results also indicated that the simulatiorsulfide toC. dubiais unknown, the sensitivities BX.

materials would not contribute artifactual toxicity. = mMagnaandC. dubiato many classes of toxicants are
similar (Mount and Norberg, 1984). The pH values of

Toxicity Treatment Evaluation the Farrington Road simulation effluent and the value

Tests of the calibrated simulations were performed tb’sed for the reported test also were similar (i.e., 7.85

determine if the new POTWs would eliminate chronic/€rsus 7.6 to 7.8); therefore, the potential toxicity of

toxicity. The operating parameters for the simulation§UIfIde in the simulation sample should be comparable

were based on the design HRT treatment conditio that of the reported test (Note: the concentration of
ydrogen sulfide, the most toxic form of sulfide,

(100%). An exception was the treatment time for th h Hd Based on this evid
second anoxic treatment stage of the Farrington Rodﬁcreasesw en pH decreases). Based on this evidence,

simulation, which was increased to stimulatet e 'chronic to(>j<ici_ty i)b_serv?f(ii in the '\Say |29—(:j30
denitrification. In addition, the alum dosages for botharrington Road simulation effluent may be related to

simulations were increased to enhance the flocculationt!fide:
necessary for phosphorus removal. _ .
Discussion
The treatment plant simulations were implemented orf he TRE study was completed within the 1-year time

two occasions. Performance criteria were applied térame specified by NCDEM. The results of this study
ensure that the effluent quality was sufficient forindicated that the addition of new BNR and filtration

toxicity evaluation.  These criteria, shown in treatment processes at the City of Durham POTWs
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Table D-4. Comparison of Simulation Test Results to Performance Criteria

Simulation Simulation Effluent Results (mg/L)
Performance Criteria

Parameter (mg/L)* May 29-30 June 6-7
Northside POTW
BOD, 5 1 1
COD 51 22 21
TSS 10 3 2
TKN 5 2 NA t
NH;-N 0.5 0.1 0.1
NO;-N 15 5.5 11.3
TP 8 1.2 3.2
Farrington Road POTW
BOD, 5 1 1
COD 45 22 22
TSS 10 4 1
TKN 5 2.3 NA
NH;-N 0.5 0.1 0.1
NO;-N 15 5.2 9.3
TP 8 15 3.8

* Simulation performance criteria based on calibration results and design effluent levels (Hazen and Sawyer; R.L. Taylor,
personal communication, to J.A. BotBgsign Information for the Treatment Plant Expansiobgcember 101990,
Raleigh, North Carolina).

T NA = not available.

Table D-5. Toxicity of Simulation Effluents toC. dubia

48-hour LC50 NOEC t LOEC £
Date Simulation (Y%Effluent) (Y%Effluent) (%Effluent)
May 29-30, 1990 Farrington Road 100 75 § 100 §
Northside >100 100 >100
June 6-7, 1990 Farrington Road >100 100 >100
Northside >100 100 >100

* 7-day chronic toxicity test (USEPA Method 1002a@cording to USEPA1089).

T NOEC for Northside is based on survival and reproduction. Results for Farrington Road are based on survival.
t LOEC for Northside is based on survival and reproduction. Results for Farrington Road are based on survival.
§ Denotes statistically significant inhibition of survival.

would reduce chronic effluent toxicity to levels The POTW upgrades were implemented beginning in
required under the North Carolina discharge permitNovember 1994. Results of effluent monitoring
Sulfide, a potential effluent toxicant, was not expectedhrough the second quarter of 1997 show that the
to be a problem because the final effluents of the ne®OTWSs are in compliance with the chronic toxicity
treatment plants are aerated to meet instream D{mits. The limits were revised to NOEG80% for
standards. The sulfide should be volatilized otboth plants. One test failure was observed in January
oxidized in this aeration step. 1995; however, this result may have been related to the
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start-up of the new treatment processes. Since thefigchnomic Publishing Company, Lancaster,

the City has passed all quarterly tests at both POTW®ennsylvania (Botts et al., 1992). Technomic
Publishing Company has granted permission to include

Bench-scale batch tests were successfully used the information in this document.

simulate the treatment processes planned for the new

POTWs, including the BNR treatment process. InReferences

addition to carbon removal and nitrification, thepgtts, J.A., T.L. Morris, J.E. Rumbo, and C.H.

simulations achieved phosphorus removal to near \vjctoria-Rueda. 1992. Case Histories-Munci-

permit levels. Although nitrate was not reduced t0  palities In Toxicity Reduction: Evaluation and

permit levels, the observed concentrations did not control D.L. Ford, ed. Technomic Publishing

cause chronic toxicity. Co., Lancaster, Pennsylvania.

The study findings suggest an alternative TREgngineering-Science, Inc. 198 est Plan for the
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planning upgrades or improvements to their WWTPS.  project Prepared for the City of Durham, North
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This testing can be used to determine the potential fqfngineering-Science, Inc. 199Results of the Devel-
compliance with discharge limits for toxicity. If non- opment and Implementation of Wastewater
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Appendix E

TRE Case Study:
Michigan City Sanitary District, Indiana

Abstract Introduction

TRE Goal: LC50>100%, NOEC-62% Permit Requirements

Test Organisms:  C. dubiaandP. promelas The NPDES permit for the Michigan City Wastewater

TRE Elements:  TIE Treatment Plant (MCWTP) requires acute and chronic

Toxicant Identified: Metals toxicity monitoring usingC. dubiaandP. promelas

Toxicity Controls: Pretreatment requirements The permit specifies that the effluent must not
demonstrate chronic effluent toxicity at effluent

Summary concentrations of 62% or lessl(6 TUc) and that the

Acute and chronic TIE studies indicated that metalgffluent must not be acutely toxic (e.g., LCED00%,
were the primary cause of effluent toxicity. An <1.0 TUa). Based on evidence of unacceptable acute
industrial user was identified as a major source oand chronic toxicity, Michigan City was required to
metals loadings to the POTW. The POTW staffperform a TRE. The Michigan City Sanitary District
required the industrial user to disconte a cadmium submitted a TRE plan and initiated TIE testing. The
plating operation and, as a result, the POTW effluentbjective of the TIE was to characterize, identify, and
has achieved compliance with the acute and chroniconfirm the causes of acute and chronic effluent
toxicity limits (MCSD, 1993). toxicity so that an appropriate toxicity reduction
strategy could be developed and implemented.
Key Elements
1. Less expensive acute TIE procedures can be usé&scription of Treatment Plant
in lieu of chronic TIE procedures to help The MCWTP comprises an activated sludge process
characterize the causes of chronic effluent toxicitywith single-stage nitrification and advanced waste
However, chronic TIE testing is needed to confirmtreatment of the secondary effluent. The facility is
the acute TIE results. designed for an average wastewater flow of 12-million
2. C18 SPE can remove toxicity caused bygallons per day (mgd) ar@b.7% removal of BOD
compounds other than non-polar organicand 96% removal of suspended solids. Monthly
compounds. In this study, C18 SPE treatmenaverage effluent limits for ammonia are 2 mg/L in
removed toxicity caused by metals. These resultsummer and 6 mg/L in the winter. Influent phosphorus
demonstrate the importance of needing to recoves reduced with an iron salt added at the aeration tanks.
toxicity from the C18 SPE column before Additional phosphorus and suspended solids removal
concluding that non-polar organic compounds arés accomplished by sand filtration of the secondary
causing effluent toxicity. effluent. Total phosphorus is reduced by 80%, which
3. TIE Phase | data may provide sufficientresults in effluent concentrations of less than 1 mg/L.
information to proceed to the selection of Post aeration equipment is provided to increase the
pretreatment controls for toxicity reduction. effluent DO concentration prior to discharge to Trall
Although specific toxic metals were not identified Creek. During the months of June through September
in this study, evidence of metals toxicity was (which coincides with the seeding of Trail Creek with
successfully used to set pretreatment requirementsimolts and later fish migration up Trail Creek), a pure
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oxygen system supersaturates the plant effluent to Bhe toxicity characterization tests conducted during the
DO concentration in excess of 13.0 mg/L. first quarter of the TIE program included the following
effluent manipulations:

Toxicity Identification Evaluation o _
Initial Toxicity Characterization * Pressure filtration (1.0 pm filter).

When both acute and chronic toxicity requirements * Submicron filtration (0.22 pm filter) following
must be met, POTW staff must decide whether to use Pressure filtration (performed on one sample)
acute or chronic TIE procedures to determine the ® Aération. o

effluent toxicants. Acute TIE procedures can be used® C18 SPE following filtration.

to provide information about the causes of chronic ° Cation resin treatment following filtration/C18
toxicity and may be preferred because they are SFE treatment. o
simpler and less costly than chronic TIE tests. Follow- * Anion resin treatment following filtration/C18
up confirmation tests can be performed using chronic SPE treatment.

TIE procedures to determine if additional toxicants are _
contributing to chronic toxicity. If an effluent exhibits S Shown in Table E-1, the four effluent samples
marginal and intermittent acute toxicity, it may not becharacterized from April through June 1991 were
possible to identify the causes of effluent toxicity usingFONSistently toxic and the magnitude of toxicity was

acute TIE procedures. In this case, chronic TIEEMilar in each sample (1.5 to 2.5 TUa). Slight
procedures should be used. reductions in toxicity occurred following filtration and

aeration and acute toxicity was completely removed by

The initial TIE work at the MCWTP focused on the C18 SPE column. Toxicity removal by the cation
characterizing the causes of acute effluent toxicity@nd anion resins could not be determined because the
because previous testing indicated that the efflueri@mple was first passed through the C18 SPE column,
exhibited consistent acute toxicitg. dubiawere used Which removed all of the toxicity. In retrospect, it
as the test organism based on previous tests showingipuld have been preferable to treat the samples with

to be more sensitive to the MCWTP effluent tian the ion exchange resins following filtration rather than
promelas after C18 SPE treatment. Relatively nonpolar organic

compounds are preferentially adsorbed onto the C18
SPE column; therefore, toxicity removal by the C18

Table E-1. Acute Toxicity Characterization Test Results from April 1991 Through June 1991

C. dubiaLC50 (TUa)*

Characterization Test 4/18/91 5/16/91 6/5/91 6/19/91
Baseline (whole effluent) 42 (2.4) 40 (2.5) 46 (2.2) 67 (1.5)
Filtration 51 (2.0) T 79(13) % 54 (1.9) t 8§
Aerationw 40 (2.5) 62 (1.6) 51 (2.0) 8§

Post C18 SPE >100 (0.0) >100 (0.0) >100 (0.0) >100 (0.0) #
Cation exchange >100 (0.0) >100 (0.4) >100 (0.0) §
Anion exchange >100 (0.0) >100 (0.0) >100 (0.2) 8§

* C. dubia48-hour LC50 values expressed as percent effluent with acute TUs (100/LC50) in parentheses.

T Effluent first pressure filtered through a Gelman A/E glass fiber filter (1.0 um).

1 Effluent first pressure filtered through a Gelman A/E glass fiber filter (1.0 um), followed by filtration through a Micro
Separation, Inc., 0.22 um nylon filter.

§ Characterization manipulation not conducted.

# Fine stream of air bubbles passed through an effluent sarapktih a graduated cylinder.

w Effluent sequentially pressure filtered (1.0 um) and passed over a C18 SPE column.

v Effluent passed directly over a C18 SPE column.

t Effluent passed over a Bio-Rex MSZ 50 cation resin after pressure filtration and C18 SPE treatment.

¢ Effluent passed over a Bio-Rex MSZ 1 anion resin after pressure filtration and C18 SPE treatment.
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SPE treatment during the initial characterization testaowever, toxicity was not recovered by eluting the C18
suggested that non-polar or semi-polar organiSPE columns with methanol, methylene chloride, 3N

compounds were causes of effluent toxicity. hydrochloric acid, or 9N sodium hydroxide. Toxicity
could not be successfully eluted from C18 SPE
Evaluation of Toxicity Removed by C18 SPE columns using conventional organic extraction

The C18 SPE column can remove toxicants otheiechniques;therefore, it was concluded that the toxicity
than non-polar organic cguounds, including removed by the column was not caused by typical non-
organometallic complexes, certain metal ionsjpolar or semi-polar organic compounds.
surfactants, and some high molecular weight organic
compounds.  Accordingly, additional tests wereAddition of EDTA to the three acutely toxic samples
performed from July through October 1991 to obtaireliminated acute toxicity, suggesting that toxicity was
information about the types of compounds removed bgaused by metals. The EDTA results provide evidence
the C18 SPE treatment. In an attempt to recovedhat the toxicity removed by the C18 SPE column was
toxicity from the C18 SPE column, sequential elutiongiot caused by non-polar or semi-polar organic
were performed with methanol, methylene chloride, 3Ncompounds. Instead, it indicated that metals or
hydrochloric acid, and 9N sodium hydroxide. Metalsorganometallic complexes were removed in the C18
were evaluated as possible causes of toxicitpPE column tests. These results demonstrate the
concurrently with the C18 SPE tests. Metals toxicityimportance of needing to recover toxicity from the C18
was investigated by adding EDTA to whole effluentSPE column before concluding that non-polar organic
samples and testing for acute toxicity. EDTA formscompounds are a cause of effluent toxicity.
complexes with many toxic metals and, when added at
appropriate concentrations, can render metals norezvaluation of Metal Toxicity
toxic. Additional testing was performed to evaluate metals as
a cause of chronic effluent toxicity t@. dubia
Results of the C18 SPE column and EDTA tests ar€hronic tests were used to help avoid problems
summarized in Table E-2. In contrast to previous test@ssociated with the intermittent acute toxicity;
the acute toxicity of the whole effluent fromugust  however, acute toxicity endpoints (e.g., 48-hour LC50)
through October 1991 was variable and intermittentvere also obtained from the chronic tests. During
(Table E-2). Four of the seven effluent samples wer®ctober 1991 through January 1992, 7-day static
not acutely toxic. The three acutely toxic samples wereenewalC. dubiasurvival and reproduction tests were
rendered non-toxic by the C18 SPE treatmentperformed on whole effluent samples and whole

Table E-2. Toxicity Characterization Test Results from July 1991 Through October 9, 1991

C. dubiaLC50 (TUa) *
Baseline
Sample Date (Final Effluent) Post C18 SPE t EDTA £

7/10/91 >100 (0.2) 8§ §
7/24/91 >100 (0.0) >100 (0.2) >100 (0.0)
8/07/91 61 (1.6) >100 (0.0) >100 (0.0)
8/22/91 52 (1.9) >100 (0.4) >100 (0.0)
9/11/91 >100 (0.4) 8§ §
9/25/91 >100 (0.2) >100 (0.0) >100 (0.0)
10/09/91 <100 (>1) # § >100 (0.9)

* C. dubia48-hour LC50 values expressed as percent with TUs (100/LC50) in parentheses.

T Effluent passed over a C18 SPE column.

1 EDTA was added to the final effluent at a concentration of 186 mg/L.

§ Characterization manipulation was not conducted.

# Test conducted only in 100% effluent; as a result, LC50 and TUa values could not be calculated.
» EDTA concentration in the 10/09/91 sample was 18.6 mg/L.
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effluent samples with EDTA added. As shown inconcentration was 4.1 pg/L during the toxic period and
Table E-3, three of the five samples exhibited acut®.47 pg/L during thawon-toxic pemd. These data
toxicity and four of the five were chronically toxic. provide evidence that Cd was contributing to effluent
The 48-hour LC50 values for all of the EDTA treatedtoxicity. No significant correlation was observed
samples were greater than 100% effluent. EDTAbetween effluent toxicity and the concentration of the
addition also eliminated chronic toxicity in two other metals or the sum of all the metals.
samples and reduced chronic toxicity in a third sample.
These results provided additional evidence that metalBhe objective of the spiking approach was to determine
cause acute effluent toxicity, and also suggested thathether an increase in the concentration of a suspected
metals were a primary cause of chronic effluentoxicant would cause a proportional increase in
toxicity. toxicity.  Chronic C. dubia toxicity tests were

performed on three chronically toxic effluent samples
The correlation approach and spiking approactboth with and without added Cd, Cu, Ni, and Zn. The
described by USEPA (1989a) were used to confirnmetals were added in nominal concentrations
that metals were causing effluent toxicity. Theapproximating those typically found in the MCWTP
correlation approach is intended to evaluate theffluent. The results indicated that effluent toxicity did
relationship between the concentration of suspectedot consistently increase when the metals were spiked
toxicants and effluent toxicity. Toxicity and metals individually or in combination. Therefore, the results
data (aluminum, Cd, Cu, Ni, and Zn) for six effluentof the spiking tests did not confirm that Cd or other
samples were compared by correlation analysis. Alinetals were contributing to effluent toxicity.
metals were measured as total metals.

Toxicity Control Evaluation and
Linear regression analysis indicated a good correlatiofimplementation

(regression coefficient of 0.72) between effluentyiq qh the TIE did not conclusively identify the
toxicity and effluent Cd concentrations. However'specific causes of effluent toxicity, the weight of

when data from May 1991 through December 1992, ;4ence indicated that effluent toxicity was caused by
were pooled with the data set, the correlation betweeR.iais  As a result Michigan City investigated
effluent toxicity and effluent Cd concentrations wasy,sgjhle sources of metals in the collection system.
not statistically significant. A comparison of the meanp ot aatment program data indicated that a cadmium
Cd concentrations from samples collected during lating facility in the MCWTP service area was
toxic period (May 1991 to December 1991), and thosegjstently out of compliance with pretreatment
taken during a non-toxic period (May 1992 10iitations for metals. Based on the persistent

December 1992) indicated a trend. The mean Cfloyreatment permit violations, the cadmium plating

Table E-3. Acute and Chronic Toxicity of MCWTP’s Effluent (with and without added EDTA) from October 1991 Through
January 1992

Final Effluent Final Effluent with EDTA Added *
Acute Chronic Acute Chronic
Sample Date LC50 (TUa) T NOEC t LC50 (TUa) t NOEC t
10/30/91 73 (1.4) 50 >100 (0.0) 100
11/14/91 >100 (0.0) 62 >100 (0.0) 62
12/04/91 >100 (0.0) 100 >100 (0.0) 100
12/18/91 84 (1.2) <50 >100 (0.0) 100
01/08/92 60 (1.7) <50 >100 (0.0) 50

* EDTA concentration in the 10/30/91 and 11/14/91 tests was 5 mg/L. EDTA concentration in the 12/04/91, 12/18/91, and

01/08/92 tests was 10 mg/L.
T C. dubia48-hour LC50 values expressed as percent effluent with acute TUas (100/LC50) in parentheses.

+ Reproduction NOEC values expressed as percent effluent calculated from 7-day static-renewal chronic@estshiath
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company was issued a consent decree to terminate thefrutdown and improved effluent toxicity is clearly
cadmium plating operation. Theadmium plating evident. Based on the improved effluent toxicity, the
operation was shut down in April 1992. TRE was terminated and semiannual acute and chronic
toxicity compliance monitoring was initiated.
The impact of the shutdown on effluent toxicity was
evaluated by performing 4-day modified chrofic However, starting in August 1996 significant
dubiatests on whole effluent samples at approximatelyeproductive effects were observed in 100% effluent as
2-week intervals from May tbugh September 1992 compared to the test control. Subsequent TIE testing
(total of nine tests). The 4-day modified chronic testsvas inconclusive because effluent samples were
consisted of four concentrations and a control, fivenontoxic. Michigan City has submitted a letter to the
replicate test chambers per concentration, and the tedtgliana Department of Environmental Management
were initiated with 3-day ol@. dubia This modified (IDEM) requesting changes in the effluent monitoring
approach has been demonstrated to produce results tipadgram. The requested changes include the use of
are comparable to the 7-day test (Masters et al., 199Xkconstituted laboratory water as dilution water in lieu
The results of these tests showed that acute and chromitreceiving water to minimize potential contamination

effluent toxicity toC. dubiahad been eliminated. and reducing the frequency of monitoring if no toxicity
is observed in three consecutive tests. As of October
Discussion 1997, a decision from IDEM was still pending.

Subsequent chronic testing with. dubia and P.

promelas using compliance monitoring proceduresAcknowledgments

(USEPA, 1989b) confirmed the reduction in effluentThis TIE effort was conducted by Great Lakes
toxicity following shutdown of the cadmium plating Environmental Center, Traverse City, Michigan, under
operation. The acute and chronic toxicity of thecontract to the Michigan City Sanitary District.
MCWTP effluent from inception of the TRE through

December 1992 is summarized in Figure E-1. Thkeferences

correlation between the cadmium plating operationjasters, J.A., M.A. Lewis, D.H. Davidson, and R.D.
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Figure E-1. Acute and chronic effluent toxicity: 1991 through 1992.
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Appendix F

TRE Case Study:
Central Contra Cost Sanitary District, Martinez, California,
and Other San Francisco Bay Area POTWs

Abstract
TRE Goal: No significant acute toxicity

at 100% effluent

Test Organism: C. dubia
TRE Elements: TIE and source identifi-
cation

Toxicants Identified:
Toxicity Controls:

Diazinon and chlorpyrifos
Multi-faceted public aware-

identification studies showed that the majority of the
influent mass loading of the two insecticides was from
residential sources. A multi-faceted outreach program
was
Monitoring of effluent toxicity and
concentrations to assess the effectiveness of the public
outreach program is on-going.

initiated within the POTW service area.
insecticide

ness program; ongoing Key Elements

program to identify and 1.
control sources; ongoing
effort to identify POTW
processes and operations

that effectively remove 2.
organophosphate
insecticides.

Summary

Acute toxicity toC. dubiawas consistently detected in

a POTW effluent. Application of Phase I, II, and 1l 3.
TIE procedures showed that the toxicity was caused by
diazinon and one or more additional organophosphate
insecticides.  Follow-up studies, which required
development of more sensitive analytical methods?-
showed that chlorpyrifos was present at levels that
exceeded the NOEC in all effluent samples that were
toxic to C. dubia Influent and effluent monitoring
studies of San Francisco Bay Area POTWs identified
large differences in both influent loading and removal
of the two insecticides between the POTWs. All the>:
POTWs sampled achieved substantial removal of
diazinon and chlorpyrifos from influent wastewater.
Higher removal of both insecticides were generally
associated with POTWs that had filtration treatment,
extended mean cell residence times, chlorine contact
times, and/or long retention in ponds. Source
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The organophosphate insecticides, diazinon, and
more recently, chlorpyrifos, have been implicated
as causes of toxicity t&€. dubia in POTW
effluents.

Published TIE procedures are available to identify
organophosphate insecticide toxicity (USEPA
1991, 1992, 1993a, 1993b, 1996). Application of
new methods and procedures assisted in providing
a more quatitative assessment of the role of
diazinon and chlorpyrifos in effluent toxicity.
Source identification studies at the CCCSD
demonstrated that the majority of the diazinon and
chlorpyrifos influent loading was from residential
sources.

Regional influent and effluent monitoring studies
demonstrated patterns in influent draam and
chlorpyrifos loadings at the CCCSD, which
suggest there were demographic differences in use
and disposal practices for organophosphate
insecticides.

A multi-faceted public outreach program was
implemented in the POTW service area. The
effectiveness of the program is being assessed by
frequent measurements of influent and effluent
levels of diazinon and chlorpyrifos and effluent
toxicity tests.



6. Monitoring studies showed that San Francisco Bagreatments were conducted on 100% effluent. The
Area POTWs achieve substantial removal of botlresults, shown in Table F-1, indicated that the toxicity
diazinon and chlorpyrifos. The highest levels ofwas consistently reduced by treatment with C18 SPE
removal are associated with systems that haveolumns at pH(initial pH of the sample) and PBO
filtration systems, extended@®RTs, and/odnger  addition. Treatments that produced a partial decrease

chlorine contact times. in toxicity in two or more samples included adjustment
to pH 3 and aeration. Treatments that consistently did
Introduction not decrease toxicity included pH adjustments, sodium
Permit Requirements thiosulfate, EDTA, or graduated pH treatment.

During 1990-1991, the CCCSD conducted an effluent i
toxicity characterization program in which 18 acute! N€ results of the Phase | TIE studies showed that
toxicity tests were performed. The effluent producediCUte toxicity was consistently reduced by the C18
detectable acute toxicity @. dubiain 12 of the 18 test >F'E column treatment, which removes non-polar

events. The CCCSD's NPDES permit requires ndrganic chemicals. The methanol eluates from the

significant acute toxicity at 100% effluent; therefore, aC18 SPE column were toxic when added to dilution

TRE study was required by the California State Watelvater at a concentration equivalent to 1.5 times (1.5X)
Quality Control Board, San Francisco Bay Region, tghe concentration in the effluent §ample. Itis important
determine the causes and sources of the acute toxicifP?. note that the 1.5X calculation assumes that the
oxicity was completely removed from the effluent
This study was performed in addition to the TRE stucys@MPle by the C18 SPE column and further, that the
that addressed effluent toxicity caused by Cu (Seg)xmlty was completely recovered from the column in
Appendix B). The CCCSD was required to meet!® methanol eluate.
permit limits based on toxicity testing using b@th

dubia.and echinoderms. PBO was effective in preventing acute toxicityGo

dubiain all five samples. PBO blocks the metabolic
Description of the Treatment Plant gctiva'Fiqn and su_bsequen.t toxicity of o.rgano'phqsphate
A description of the treatment plant is presented ir%nse'cymdes., .Wh'Ch require metabolic activation to
Appendix B .eXthIt . toxicity (AnkIey et .al., 1991). The

' ineffectiveness of sodium thiosulfate and EDTA

- . suggest that oxidants and/or cationic metals were not
Facility Performance Evaluation implicated in the toxicity. The results of the graduated
As part of the TRE study, the CCCSD conducted am test also suggested that ammonia did not contribute
internal facility performance evaluation to determine ify, toxicity. Overall, the Phase | TIE results indicated
the treatment system was operating at desigthat the effluent toxicity was due to non-polar organic
performance spemﬂcau_on;. A review of all relevanttoxicant(s), specifically one or more organophosphate
operating parameters indicated that there were Npsecticides, which require metabolic activation to
obvious performance deficiencies. _During this periOdproduce toxicity. Diazinon, a metabolically activated
monthly effluent tests showed intermittent acuteyrganophosphate insecticide, has been reported to
toxicity to C. dubig but no toxicity was detected to cayse toxicity in municipal effluents (Norberg-King et

juvenileP. promelas(15- to 60-day-old). al., 1989; Amato et al., 1992); therefore, subsequent
o o _ Phase II studies focused on identifying organo-
Toxicity Identification Evaluation phosphate insecticides. Effluent and diazinon-spiked

USEPA TIE methods were used as guidance ifaboratory water were used to determine if the TIE
conducting the Phase |1 (1988a), Phase Il (1988b) artteatments produced similar effects.
Phase Il TIE studiesl©88c).

Phase Il — Toxicity Identification
Phase | TIE — Toxicity Characterization A total of four effluent samples were processed in
Atotal of five Phase | TIE studies were conducted wittPhase 1l. PBO completely prevented toxicity in all
the CCCSD final effluent to characterize the class ofour effluent samples, suggesting that metabolically
the toxicant(s) responsible for the acute toxicit¢to activated organophosphate insecticides were
dubia Tests were 48-72 hours in duration and TIEesponsible for the acute toxicity. The Phase | TIE
treatments were not renewed during the tests. TIEhowed that the toxicity could be both removed by and
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Table F-1. Matrix of Results of Phase | TIE Conducted on Five Effluent Samples wit@. dubia

Treatment Reduces Toxicity Due To Samples with Substantially Reduced Toxicit
1 2 3 4 5
C18 SPE column (pit Non-polar organics, metals
C18 eluate toxic Confirms non-polar organics
PBO addition Organophosphate insecticidgs
Filtration Filterable toxicants
Aeration Volatile/oxidizable toxicants
Adjustment to pH 3 Acid hydrolyzable toxicants i
Adjustment to pH 11 Base hydrolyzable toxicants
Thiosulfate addition Oxidants, some metals
EDTA addition Cationic metals
Graduated pH test Ammonia, metals

* pHi = initial pH.

recovered from C18 SPE columns; therefore, the Phasexicity also was observed in another fraction (18). All

I TIE procedures focused on the use of the columns tiour effluent samples also produced acute toxicity in

fractionate the sample for further characterizationfraction 19 and occasionally in adjacent fractions (18

Aliquots of the samples were concentrated on C18 SPand 20).

columns and the columns were eluted with a series of

methanol:water mixtures (USEPA, 1993a). AcuteAs shown in Table F-2, in all cases, PBO provided

toxicity tests were then conducted on each fraction girotection against acute toxicity in the HPLC fractions

1.5X the original effluent concentration. in which toxicity occurred (18-20). However, PBO
did not protect against the toxicity of fractions 12 and

The 75% fraction from all the effluent samples wasl3. The results of the PBO treatment of the toxic

acutely toxic. In some samples, adjacent fractionfractions suggested that one or more metabolically

(e.g., 70, 80, and 85%) also exhibited acute toxicityactivated organophosphate insecticides, such as

The toxic fractions were combined, concentrated, andiazinon, had a role in the toxicity of all four effluent

sequentially fractionated using HPLC. For

comparison, an analytical standard of diazinon was rumaple F-2. Summary of TIE Phase Il Results

immediately prior to each effluent sample HPLC run.

A total of 30 fractions were collected during the HPLC Sample Toxic Fractions
linear gradient (30-100% methanol:water for 25| piazinon (Runs 1-4) 18* 19+
minutes with 5 minutes at 100% methanol). Each

fraction was assayed at 1.5X the original effluent Effluent 1 18*, 19*
concentration witlC. dubig and toxic fractions were Effluent 2 12t, 19%

treated with PBO to ascertain the presence o
organophosphate insecticides. This procedure wa
similar to that described by USEPA (1993a). The
results are summarized in Table F-2.

Effluent 3 18*, 19*, 20%
Effluent 4 131, 19*

v

* PBO provided full protection against toxicity.
The diazinon standard consistently produced acutet PBO provided no substantial protection against toxicity.
toxicity in one fraction (19), and in one HPLC run, # PBO provided partial protection against toxicity.
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samples. Diazinon consistently eluted in the same
fractions that were identified in the effluent samples; 25
therefore, further studies focused on confirming the | Effluent Regression Line //
presence of diazinon in the HPLC fractions and ¢ ;.2022'571,69 d
refining procedures for theccurate determination of 2 y-intercept =0.74 . #
diazinon in effluent samples. This latter aspect was 1 7
challenging because diazinon is toxicGo dubiaat
low concentrations (LC50=0.26.58 pg/L) (USEPA,
1991; Ankley et al., 1991, Bailey et al., 1997), and the g 1 il

C18 SPE column extracts of the effluent samples'f, 1 ,’ Theoretical Regression Line
contained numerous interferences which made analysi€€ | 7

by gas chromatography (GC) problematic. Diazinon = /
analysis generally followed procedures described by 0.5 y
USEPA (1993a). Diazinon was quantitated by GC/MS | ,’
using selected ion monitoring. The detection limit for 7

this procedure in the CCCSD effluent matrix was O T s 1 1 5 s
0.010 pg/L of diazinon.

1.5 o/8 P

uent TUa

Diazinon TUa

Phase IIl — Toxicity Confirmation Figure F-1. Effluent TUs versus diazinon TUs in the CCCSD
The role of diazinon in the CCCSD’s effluent toxicity effluent samples.
was assessed using the correlation approach (USEPA,
1988c). The purpose of the correlation approach is the variability in the toxicity of the effluent samples.
determine whether there is a consistent relationshiplowever, the regression is above the theoretical
between the concentration of the suspected toxicafggression line, which suggests that either the
and the degree of effluent toxicity. If the correlation isanalytical procedure for diazinon was consistently
not robust, the role of the quexct toxicant in the detecting less than the actual effluent concentration,
effluent toxicity should be re-examined. and/or there were one or more additional toxicants
present in the effluent samples. Further studies were
A total of seven CCCSD effluent samples collectedindertaken to assess both possibilities.
during July and August 1992 were evaluated by
comparing the expected toxicity based on diazinodnalytical procedures were reviewed by the CCCSD
(48-hour LC50=0.38 pg/L) with the measured effluentand were found to have acceptable levels of precision
toxicity. The 48-houtoxicity of the effluent samples and accuracy. In an effort to identify the missing
ranged from 1.25-2.17 TUa. Diazinon concentrationgoxicant(s), more rigorous extraction procedures were
in these samples ranged from 0.120-0.280 ug/L, whic@pplied to additional samples of effluent that were
corresponds to 0.32-0.74 TUa based on theot8- toxic to C. dubia The effluent samples were
LC50 for diazinon (i.e., 0.12 pg/L + 0.38 pg/L andexhaustively extracted with methylene chloride,
0.28 pg/L + 0.38 pg/L). The oxygen analog ofevaporated to dryness, and resolubilized in hexane.
diazinon (diaznon oxon) was not detected Analysis of the extracts by GC/MS revealed the
(<0.010 pg/L) in any of the effluent samples analyzedpresence of chlorpyrifos, a metabolically activated
Treatment of the toxic samples with PBO resulted irorganophosphate insecticide, in all the toxic effluent
full reduction of toxicity in five samples, partial samples at concentrations greater than the NOEC of
reduction in one sample, and no reduction in on®.030 pg/L (AQUA-Science, 1992; Bailey et al.,
sample. The effluent TUa and diazinon TUa values fot997).
the seven toxic samples are plotted in Figure F-1 along
with the theoretical regression line, which depicts thé=ollow-Up TIE Studies
case where all of the toxicity measured in the sample Before further Phase Il studies were initiated, a series
due to diazinon (diazinon TUa = effluent TUa). of studies were conducted to validate the Phase | and
Il TIE findings for diazinon and to determine why the
The linear regression of effluent TUa versus diazinorPhase Il TIE process failed to identify chlorpyrifos as
TUa had an Rvalue of 0.75 (p0.01), which indicates  a toxicant in the CCCSD effluent. The results of these
that diazinon concentrations can account for 75% o$tudies are summarized in Table F-3.
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Table F-3. Summary of Follow-Up TIE Studies

TIE Treatment Effect on Organophosphate Insecticides
pH adjustment Diazinon is degraded rapidly at pH 3, but is relatively stable at pH 11
PBO addition PBO at 100-700 pg/L effectively protects against three times LC50 concentration|of

diazinon and chlorpyrifos (1.6 and 0.24 pg/L, respectively). Effectiveness of PBO |s
affected by the matrix; therefore, use a range of PBO additions (USEPA, 1991a, 1993a).

C18 SPE Diazinon is well recovered (80—100%) from C18 SPE columns

Diazinon elutes sharply in specific methanol/water fractions: 75-80% methanol frgctions
for C18 SPE columns

Chlorpyrifos is poorly recovered from C18 SPE columns (40-50% recovery)

Chlorpyrifos tends to elute in broad bands: 80-95% methanol fractions for C18 SRE
columns

HPLC fractionation | Diazinon is well recovered in specific fractions from C18 HPLC columns
Recovery of chlorpyrifos from C18 HPLC columns is highly variable (20—60% recoyery)

Sample stability Significant amounts (20—40%) of diazonin and chlorpyrifos are lost from influent arld
studies effluent samples stored in either glass or plastic containers for 48 hours

Effluent samples should be analyzed or extracted within hours of collection

The follow-up studies provided additional insight into A critical issue facing the investigator is how to
the initial Phase | and Il TIE results. The instability ofidentify toxicants that are not well recoverecbtigh
diazinon at pH 3 is consistent with the reduction inthe TIE process. Recently, procedures have been
effluent toxicity after pH 3 treatment. Diazinon is well developed to selectively remove diazinon and
recovered through the Phase Il concentration andhlorpyrifos from effluent samples using antibody-
fractionation steps (Bailey et al., 1996); therefore, toxianediated processes (Miller et al., 1996ti&1 et al.,
fractions corresponding to those produced by diazino©997). This process involves treating the effluent
standards should be present in all toxic effluensample with the chemical-specific antibody preparation
samples, as was demonstrated in the TIE. that selectively removes up to 95% of the target
chemical (either diazinon or chlorpyrifos). By
On the other hand, the low overall recovery ofconducting effluent toxicity tests before and after the
chlorpyrifos from C18 SPE columns would explain theantibody treatment, the exact contribution of the target
failure to detect chlorpyrifos toxicity in the effluent chemical to the overall toxicity can be determined. In
C18 SPE and HPLC fractions. For example, using thaddition, use of sequential dmtidy treatments to
values in Table F-3, the recovery of chlorpyrifos inremove both diazinon and chlorpyrifos from the
HPLC fractions could be as low as 8% (i.e., 40%effluent matrix can indicate the extent to which
recovery from 3 mL SPE column x 40% recovery fromtoxicity is not due to either compound. The residual
1 mL SPE column x 50% recovery from HPLC toxicity can be further characterized through the TIE.
column). This level of recovery would require an add-
back of more than 12X to ensure that concentrations &lternative Analytical Procedures
chlorpyrifos in the HPLC fractions and the effluent A major limitation of the TIE study was obtaining
samples were comparable. This study indicated thafccurate and timely analytical information on levels of
add-backs of fractions at levels substantially greatehsecticides in effluent samples and TIE treatments.
than 1.5X should be avoided because of the potentisihe GC/MS methods that were available involved
to amplify the toxicity due to toxicants that are belowtedious extractions, clean-up, and the use of expensive
the toxic threshold in the effluent, but are wellanalytical equipment that was fully scheduled for
conserved through the TIE process. This could lead teompliance-related purposes. ELISA procedures were
erroneous identification of chemicals that do not havevaluated as an alternative analytical method for the
a causal role in the effluent toxicity. analysis of diazinon and chlorpyrifos in subsequent
Phase Il TIE and source identification studies.
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Commercially available ELISA kits (Beacon composite samples collected from a residential
Analytical, Scaresborough, Connecticut) have someommunity, and from selected businesses within the
distinct advantages over GC or GC/MS hwets, CCCSD collection system, including self-service pet
including cost ($40-70 versus $250-500 per sampleyrooming facilities, operations centers for pest control
sample volumes (100 pL versus liters), sample turneperators, and kennels.

around (hours versus days or weeks), and equipment

costs ($3,000 versus >$50,000). The detection limiThe measured levels of diazinon and chlorpyrifos were
for ELISA kits for diazinon and chlorpyrifos coupled with estimated flows from the various sources
(0.030 pg/L) is also comparable to that for GC/MSto provide estimates of overall contribution of the two
An interlaboratory study involving 6 laboratories andinsecticides to the CCCSD’s influent. The results are
a total of 19 influent samples was conducted tashown in Table F-4.

compare the performance of ELISA, GC, and GC/MS

procedures for diazinon and chlorpyrifos. The studyPiazinon and chlorpyrifos concentrations in the
showed that ELISA values for both insecticides weravastewater from the residential sources were highly
highly correlated (R>0.95) with GC and GC/MS Variable (0.050-0.720 pg/L and <0.050-0.520 pg/L,
results for those laboratories (Singhasemanon et arespectively). Peak concentrations of both insecticides
1997). The results were comparable over a wide randé the residential samples were measured in the

of concentrations (i.e., 0.030 to 31.5 pg/L for diazinorfamples collected on Saturday afternoon. The cause of
and 0.030 to 9.8 ug/L for chlorpyrifos). the spikes of the insecticides in the residential

wastewater is under further study and may be related to

Based on the excellent performance of the ELISA0me use and/or improper disposal of these chemicals
procedures in the interlaboratory study, ELISAduring weekend activities (e.g., lawn care operations
procedures were used to monitor diazinon andor diazinon and pet flea control for chlorpyrifos).
chlorpyrifos concentrations inthe CCCSD influentand_ . ) )

effluent samples during follow-up studies, includingPi@zinon and chlorpyrifos levels in  wastewater
source identification, POTW influent removal studies,S2mples collected from commercial sources also were

and monitoring the effectiveness of public outreacH!ighly variable (<0.030-16.0 pg/L and 0.040-5.4
programs. Ka/L, respectively). The highest concentrations of both

insecticides were measured in wastewater samples

Source Identification Studies from a commercial kennel.

Source Study 1 Overall, the reconnaissance study showed thadadth
Areconnaissance study was conducted in August 199%igh levels of diazinon and chlorpyrifos were detected
to identify potential sources of diazinon andin some of the wastewater samples from commercial
chlorpyrifos in wastewater from selected residentiakources, the vast majority of the loading of the
and commercial sources within the CCCSD collectiorninsecticides into CCCSD influent during the sampling
system. A total of 36 24-howomposite samples of period was from residential sources. This finding
influent were analyzed for the two insecticides byagrees with an earlier study of sources of diazinon in
ELISA. The samples included daily and/or hourlyFayetteville, NC (Fillmore et al., 1990).

Table F-4. Diazinon and Chlorpyrifos Concentrations in Wastewater Samples from Selected Residential and Commercial
Sources in the CCCSD

Diazinon Chlorpyrifos
% of Total % of Total
Source pg/L Influent Loading pg/L Influent Loading
Residential 0.050-0.72p 101 <0.05-0)52 94
Commercial: Pest control operatdrs <0.03-1{10 3 0.060-1.80 4
Pet groomers <0.03-0.1p <1 0.04-7.00 2
Kennels 0.070-16.0p 2 3.10-5.40 1
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Source Study 2 Carolina), which calculated the Uniformly Minimum
Results of the reconnaissance study were used by tNé@riance Unbiased Estimator (UMVUE) for the mean
CCCSD and the California Department of Pesticiddénfluent loading concentrations for the insecticide
Registration (CADPR) to develop a plan for a more(Singhasemanon et al., 1997). The mean UMVUE
definitive study that was conducted from June tdnfluent concentrations and associated loading for
September 1996 (Singhasemanon et al., 1997). In thiazinon was 0.230 pg/L and 34.7 g/day, respectively.
study, over 200 flow-proportional 24-hour compositeCorresponding values for chlorpyrifos were 0.145 pg/L
samples were collected from each of 5 residential are@&hd 15.0 g/day. The percentage of the total loading
and 12 businesses (pet groomers, pest contrépntributed by residential, commercial ameknown
operators, and kennels) within the CCCSD collectiorsources is shown in Figure F-2.

system. Flow measurements were made at selected

sampling points in order to calculate mass loadings ofhe CADPR study concluded that:

diazinon and chlorpyrifos. The measured flows in

residential areas were compared with modeled flow * Levels of diazinon and chlorpyrifos were highly
data obtained from a computer program [Sewer Vvariable in wastewater samples from both
Network Analysis Program (SNAP) 1989, developed  residential and commercial sources.

by the CCCSD]. The SNAP program applies modeled * Residential neighborhoods contributed the
land use, groundwater itifation, and CCCSD plant majority of diazinon and chlorpyrifos to the
influent data to determine flow rates from the sampled CCCSD’s influent.

areas. Concentrations of the insecticides were*® Although relatively high concentrations of both
measured using ELISA, GC, and/or GC/MS insecticides were found at commercial sources,
procedures. The loading of diazinon and chlorpyrifos  low flows from these sources resulted in relatively
in the CCCSD influent from residential sources was  small mass loadings.

estimated by multiplying the mean insecticide * A mass balance showed that a significant mass of
concentrations measured from the residential sites by ~chlorpyrifos and, particularly, diazinon was
the SNAP flow rates from the sampled sources. The unaccounted for. Uninvestigated sources such as
commercial loading was estimated by multiplying the ~ restaurants, nurseries, and industrial facilities
mean insecticide concentrations measured at each should be sampled in future studies.

business by the measured flows and the number of* Future source reduction strategies should focus on
similar businesses in the sewer service area. The data residential customers to identify and correct
were analyzed using a computer program (383S behaviors that contribute to disposal of
Institute, Inc, 1994, Version 6.1, Cary, North organophosphate insecticides to the sewer system.

Diazinon Chlorpyrifos

Residential
(60%)

Residential
(52%)

Unknown
(25%)

Unknown
(42%)

Commercial
(15%)

Commercial
(6%) 1010P-15

Figure F-2. Percent mass contribution of sources to the CCCSD influent.
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As a result of the source identification studies, thenfluent and effluent concentrations of both
CCCSD: insecticides, followed by the USD and the RWQCP.
- ) ) The CCCSD and the USD, which have similar
* Initiated a multi-faceted public outreach programyeatment processes, had similar removal efficiencies
targeting residential costumers to increase publigy, diazinon (32 and 24%, respectively), and
awareness of the proper use of disposal Ofnjorpyrifos (53 and 49%, respectively). The
|nsect|_C|des. T_he initial program included pomt of RWQCP, which has longer chlorine contact time, two-
sale information sheets, newspaper articlesgiage aeration, and dual media filtration had the highest
television ads, and billboards. A program t0removal efficiencies for diazinon (82%) and
enhance public awareness of proper insecticide ugy|orpyrifos (71%). The effect of these parameters on
by promoting integrated pest managemenihe removal and/or degradation of diazinon and

practices is on-going. o chlorpyrifos in municipal influent was further
* Shared study information with interested POTWsgy51uated in a subsequent study.

and State and Federal regulatory agencies.
* Initiated frequent effluent monitoring of diazinon Study 2

and chlorpyrifos coupled with an effluent toxicity A larger scale study was conducted to confirm the

program to monitor the success of the pUbIIcfindings of the CADPR study, which suggested that
outreach program. . . . there may be demographic and/or microclimatic
’ Planned further stu@es to identify homeowner ifferences in influent loadings of diamn and
practlggs that contnbuted to the discharge o hlorpyrifos to POTWSs within the same region and
|nsept|C|des FO the collecthn systgm. Imoreover, there may be differences in removal
* Reviewed disposal prgcnces with pest Cont,roefficiencies of the two insecticides in POTWSs using
opergtor;, pet care businesses, and kennels W'thmﬁerent treatment systems. Seven daily 24-hour
the District. N - composite samples of influent and effluent were
’ Conduc'ted a study taléntify the toxicity of collected from 9 Bay Area POTWSs during August
alternative products for pet flea control. 1997. The POTWs included the CCCSD and the cities
of Fairfield-Suisun, Hayward, Palo Alto, Petaluma,
San Francisco, San Jose, Union City, and Vallejo.
Samples were analyzed for diazinon and chlorpyrifos
. within 24 hours of collection using ELISA (AQUA-
AS an gncnlary pa_rt .Of the CADPR_ SOUICE oeiance, 1997). The results for diazinon and
identification study, diazinon and chlorpyrifos were . lorpyrifos are shown in Figure F-4. Information on

measured in seven consecutive daily samples Q g -
. e characteristics of each POTW treatment system is
influent and effluent from CCCSD and two nearbyshown in Attachment 1 y

POTWs [Union Sanitary District (USD), Fremont,
California, and the Regional Water Quality Control
Plant (RWQCP), Palo Alto, California]. The purpose

Loading and Removal of Diazinon and
Chlorpyrifos
Study 1

The results of this study confirmed and extended the
findings of the previous study. A summary is provided

of the study was to assess differences in loading a
removal efficiencies for the POTWs. The three
POTWs had similar influent flows (25-38 mgd),
aeration detention times (3.8-5.6 hours), and clarifier
detention times (2.0—4turs). However, the CCCSD
and the USD had shorter MCRTs (1.6—1.8 days versus
11.6 days) and shorter chlorine contact time (30-50
minutes versus 90 minutes) when compared to the
RWQCP. In addition, the RWQCP treatment process
incorporates two-stage aeration and dual media
filtration to optimize particulate removal. The results
of the study are shown in Figure F-3.

Daily concentrations of both diazinon and chlorpyrifos
in the three POTWs varied widely during the sampling
period. The CCCSD consistently had thghust
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low.

* Mean influent concentrations for both diazinon

and chlorpyrifos were highly variable and ranged
from 0.278-1.211 pg/L and 0.030-0.176 pg/L,
respectively. These results suggest that there are
regional demographic, and possibly, climatic
differences in use and disposal practices for the
insecticides.

All the POTWs achieved substantial removal of
the two insecticides from influent (up to 98% for
diazinon and up to 86% for chlorpyrifos). These
removal rates are generally higher for both
insecticides than were observed in the previous
study. The highest levels of removal were
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Figure F-3. Mean diazinon and chlorpyrifos concentrations (std) in influent and effluent from three Bay Area POTWs.

associated with POTWs that had filtration, longerrecommend alternative products, it was necessary to
MCRTs and chlorine contact times, and longconduct studies to determine the toxicity of several
retention in ponds. commonly used pet flea dips and shampoos. The acute
* Mean effluent concentrations for diazinon andtoxicity of six flea shampoos and four dips was
chlorpyrifos ranged from <0.030-0.241 pg/L andevaluated withC. dubia (AQUA-Science, 1995a;
<0.030-0.085 ug/L, respectively. The combinedMiller et al., 994). Although the products tested
mean effluent concentrations for both insecticidesaried widely in toxicity, shampoos were generally less
exceeded 1.0 TUa in only three of the ninetoxic than the dips. The most toxic products tested
POTWs sampled (including the CCCSD). contained chlorpyrifos (IC25s of 0.800 to 2.30 pg/L as
» OQverall, the results showed that all the POTWsroduct), which were 2,500-7,000 times more toxic
sampled during this period had potentially toxicthan the least toxic product tested, which contained
levels of diazinon and chlorpyrifos in their D-limonene (IC25 of 5.687 pg/L). The products
influents. However, all the POTWSs achievedcontaining pyrethrins and permethrin had intermediate
substantial removal of both insecticides. levels of toxicity (IC25s of 0.149-4.683 pug/L
Calculations (with the associated assumptions on use
Another round of sampling was scheduled for Februaryate, system losses, and dilution) indicated that only
1998 to assess seasonal effects on influent levels afida dip products containing chlorpyrifos were
removal rates from the POTWs. sufficiently toxic to produce measurable effluent
toxicity to C. dubia
Alternative Pet Flea Control Products
Toxicity source investigations by the CCCSD Effects of Household Bleach on Aqueous
suggested that pet flea control products were a majé¢oncentrations of Diazinon and Chlorpyrifos
source of chlorpyrifos in the influent (AQUA-Science A study was conducted to determine if household
1995a and 1995b). Before the CCCSD couldleach could be recommended to residential customers
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Figure F-4. Mean chlorpyrifos and diazinon concentrations (+std) in influent and effluent from nine Bay Area POTWSs during
August 1997.
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as a measure to degrade diazinon in spray containes Revise chlorpyrifos labels to limit retreatment
rinsate and chlorpyrifos from pet flea washes prior to  intervals.

disposal into the sewer. Samples of tap water were

spiked with high concentrations of diazinon If the chlorpyrifos in POTW influent loading is due to
(60.0 pg/L) and chlorpyrifos (10.0 pg/L) and treatedindoor and pet-care uses and/or misapplications by pest
with either 0.005 or 5% solutions of household bleacltontrol operators, these actions should substantially
for 24 hours. After neutralization, concentrations ofreduce influent loadings of this chemical.

the insecticides were measured by ELISA (AQUA-

Science, 1995a). Both bleach concentrations reducdfiazinon-Related

concentrations of the insecticides by 86-92%. Théen 1996, Novartis Crop Protection, Inc., the major U.S.
study suggested that household bleach may be ragistrant of diazinon, submitted voluntary label
effective pretreatment for waste solutions of diazinorthanges to USEPA to warn users not to dispose of this
and chlorpyrifos prior to disposal. Additional studiesproduct into sanitary or storm drains. Novartis also
are planned to further define bleach exposure times aréveloped educational materials with this message and
concentrations under actual use conditions, and tprovided the materials to selected cities in Texas and
characterize the chemical oxidation products producegalifornia. In 1997, Novartis completed a 4-year study

by the chlorine treatment. with several POTWs in USEPA Region VI on diazinon
o _ _ _ occurrence and treatability (Novartis, 1997). A follow-
Diazinon and Chlorpyrifos Concentrations in up study is on-going with a California POTW to

Water Samples from Restaurant Grease Traps identify treatment processes that consistently optimize
The CADPR source identification study recommendedemoval of diazinon (D. Tierney, personal
follow-up studies to determine concentrations ofcommunication, Novartis Crop Protection, 1997).
diazinon and chlorpyrifos in wastewater from

restaurants. Water samples were collected from thBiscussion

grease traps of eight restaurants in the CCCSD servigg this case study, USEPA TIE procedures were used
area (AQUA-Science, 1997). ELISA was used toyg jdentify organophosphate insecticide toxicity in a
measure concentrations of the two insecticidespoT\W effluent. Phase | and Il TIE procedures
Diazinon and chlorpyrifos concentrations ranged fromgentified diazinon as a candidate toxicant. Phase |l
0.192-4197 pg/L an@.265-4.313 pg/L, respectively. TIE studies determined that effluent diazinon
The highest concentrations of both insecticides wergoncentrations were significantly correlated with the
found in wastewater from the same restaurant. Thgxtent of the effluent toxicity, but diazinon only
uses that contributed to these insecticide residues in thgcounted for approximately half of the effluent's
wastewater are currently being investigated by thgoxicity.  The follow-up TIE studies identified

CCCSD. chlorpyrifos at potentially toxic concentrations in the
toxic effluent samples. ELISA procedures were shown

Regulatory Activities to provide sensitive and accurate measurements of the

Chlorpyrifos-Related two insecticides in samples of POTW influent and

In January 1997, Dow-Elanco, as part of an agreemefffluent, and these procedures were used extensively in
with  USEPA, announced the following actionsfollow-up TIEs and source identification studies.
associated with the registered uses of chlorpyrifos (LAdditional TIE experimentsound chlorpyrifos to be
Goldman, USEPA Assistant Administrator for poorly recovered through the Phase | and Il TIE

Prevention, Pesticides and Toxic Substances. PreBgocesses, which may explain why it has not been
Release on January 16, 1997): identified as a toxicant in other effluent TIEs.

« Withdrawal of chlorpyrifos from indoor broadcast The source identification studies at the CCCSD and
and fogger flea control markets. other Bay Area POTWSs showed that the influents

« Withdrawal of chlorpyrifos from direct application contained highly variable, and often potentially toxic,
pet-care uses (shampoos, dips, and sprays).  levels of diazinon and chlorpyrifos, which appear to be
« Increase marketing of ready-to-use products t®riginating primarily from residential rather than

replace concentrated formulas. commercial sources. However, only a relatively small
« Increase training and supervision of pest contronumber of commercial sources have been sampled to
operators. date. Thus, it is possible that certain business types
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(e.g., restaurants and nurseries) may be significatQUA-Science 1992. Phase Il Effuent Toxicity
contributors of the two insecticides into wastewater. ldentification Evaluation Studies with
All of the POTWs that were sampled to date have Ceriodaphnia dubia Report for Central Contra
demonstrated substantial removal of both insecticides Costa Sanitary District, Martinez, California.

from their influents. This was surprising because it

was generally believed that these insecticides werBQUA-Science. 1995&iazinon and Chlorpyrifosin
poorly treated by POTWSs (J.L. Miller, personal = Wastewater from Residential and Commercial
communication, Aqua-Science, Inc., Davis, California, =~ Sources Report for Central Contra Costa Sanitary
April 1998). The available data suggest thatthere were  District, Martinez, California.

substantial differences in influent loadings of diazinon

and chlorpyrifos between POTWs within the SanAQUA-Science. 1995b. Flea Control Products
Francisco Bay region. Further studies are planned to  ToXicity Assessment Study with Ceriodaphnia
explore the demographic basis for these differences to dubia Report for Central Contra Costa Sanitary
evaluate patterns of insecticide use. Seasonal trendsin District, Martinez, California.

insecticide removal efficiencies are currently being ) o ]
monitored in nine Bay Area POTWs. Public outreact*\QUA-Science. 1997. Diazinon and Chlorpyrifos
programs, supported, in part, by the manufacturers of Concentrations in Wastewater Samples from
diazinon and chlorpyrifos, have been implemented by ~Restaurant Grease TrapsReport for Central
the CCCSD and other POTWs across the country to  €ontra  Costa  Sanitary  District, Martinez,
increase awareness of the proper use and disposal of California.

insecticides. Recenggulatory actions have resulted
in the withdrawal of chlorpyrifos from the pet flea
control market, and this action, coupled with the
enhanced training of applicators and the increased use
of prediluted insecticide products, may eventually
reduce the influent loadings. Monitoring studies are in
place at the CCCSD and elsewhere to determine if
these programs will result in reduced influent loading
and decreased incidences of insecticide-related efflue
toxicity.
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Attachment |
Summary of POTW Treatment System Characteristics

CCCsD 32% to trickling filter
39 mgd 27% bypasses to ponds where retention time is about
Primary sedimentation 100 days
Air-activated sludge (MART 1.6 days)
Secondary clarification San Francisco
UV disinfection 17 mgd
Primary sedimentation
Fairfield Air-activated sludge (MART ~ 0.86 days)
13 mgd Secondary clarification
Primary sedimentation Sodium hypochlorite disinfection
Oxidation towers with clarification
Air-activated sludge (MART 12-14 days) San Jose
Secondary clarification 137 mgd
Tertiary filtration with dual media Primary sedimentation
Chlorine disinfection (90—120 minutes) Air-activated sludge (MART ~ 4 days)
Secondary clarification
Hayward Nitrification and clarification (MART ~ 11 days)
12 mgd Tertiary filtration with backwash to clarification (for
Valuators flow equilibrium)
Primary sedimentation Chlorine disinfection (40—-60 minutes)
Fixed film reactors (sludge age n/a)
Anaerobic digester Union
Final clarifiers 31 mgd
Chlorine disinfection (~100 minutes) Primary sedimentation
Air-activated sludge (MART ~ 1.75 days)
Palo Alto Secondary clarifiers
26 mgd Chlorine disinfection (30 minutes)

Primary sedimentation _
Fixed film reactor to mixed aeration basins with Vallejo

activated sludge (MART 11.6 days) 12 mgd
Secondary clarifiers Primary sedimentation
Mixed media filtration Biological filters
Chlorine disinfection (90 minutes) Aeration basins (MART ~ 3 days)
Clarification
Petaluma UV disinfection and sodium hypochlorite contact
6 mgd (8 minutes)

Primary clarification
41% to activated sludge
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Appendix G

TRE Case Study:
Linden Roselle Sewerage Authority, New Jersey

Abstract sources and pretreatment limits can be developed
TRE Goal: 96-hour LC50-50% for controllable toxicants.
Interim goal of LC5@-30% 3. [Ifthe TIE is inconclusive or the causes of toxicity
Test Organism: M. bahia are variable and complex, the RTA approach can
TRE Elements: Facility performance be used to track the industrial sources of toxicity in
evaluation, TIE, toxicity the collection system. Once identified, the toxic
source evaluation dischargers can be required to meet pretreatment
Toxicants Identified: Ammonia, non-polar limits for toxicity. '
organic compounds, 4 If effluent toxicity is contributed by controllable
surfactants industrial sources, pretreatment controls are more
Toxicity Controls: Pretreatment limits practical than in-plant controls.
Summary Introduction

Ammonia was confirmed as the primary cause of’€rmit Requirements
toxicity, and pretreatment limits were developed toThe LRSA New Jersey Pollutant Discharge
reduce effluent ammonia concentrations. Secondafglimination System (NJPDES) permit contains an
causes of toxicity were complex and highly variableacute whole effluent toxicity limit of LC50 >50%
Toxicity-based procedures were used to identifyeffluent. A 96-hour static renewkl. bahia (mysid)
industrial sources of toxicity and develop pretreatmentest is used to monitor compliance with the limit.
limits to control secondary causes of toxicity. Based on observed toxicity to mysids, the NJPDES
permit was amended to include a requirement to
In 1997, a major source of ammonia was eliminatedperform a TRE. In July 1992, the LRSA entered into
An acute toxicity test performed since then showed an administrative consent order (ACO) with the New
reduction in effluent toxicity (LC50 = 72%) to Jersey Department of Environmental Protection
compliance levels (i.e., LC50 >50%). Additional tests(NJDEP) to establish a compliance schedule for

are planned to confirm this initial result. reducing acute effluent toxicity. The ACO established
a compliance date of October 31, 1996, if pretreatment
Key Elements controls are implemented and a compliance date of

1. TIE procedures may need to be modified tobecember 31, 1997, if in-plant controls are
evaluate multiple causes of effluent toxicity. Inimplemented. The ACO also includes TRE milestones

this study, it was necessary to remove toxicdnd an interim whole effluent toxicity limitation of an
effluent concentrations of ammonia in the TIELC50 of 30%. The acute effluent toxicity limit of an
before other causes of toxicity could be identifiedLC50 of 50% becomes effective on May 1, 2000.
and confirmed.

2. If TIE analyses are successful in confirmingDescription of the Treatment Plant
causes of effluent toxicity (e.g., ammonia), The LRSA POTW serves a 13-square-mile area in
chemical-specific analyses can be used to identifportheastern New Jersey. The POTW has a design
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flow of 17 mgd and is presently treating a wastewatereducing toxicity. Initial TIE Phase | and Phase I
flow of about 13 mgd. Approximately 20% of the testing was performed in 1989 usi@g dubiaas a
influent flow is contributed by 40 industrial users. surrogate test specieC. dubiawere used because
Primary treatment consists of screening and degrittintittle information was available at the time for using
followed by primary sedimentation. The primary mysids as a TIE test organism. Subsequent TIE testing
effluent is then treated by roughing (trickling) filters in 1991 was performed using mysidscnfirm that

and conventional activated sludge treatmentthe causes of toxicity identified usi®y dubiawere
Following secondary clarification, the effluent is also causes of toxicity to mysids.

disinfected with chlorine and then discharged to the

Arthur Kill estuary. The NJPDES permit specifies thatTIE Phase |

samples for toxicity testing be collected prior toDuring the USEPA study, three effluent samples were
chlorination. tested using the TIE Phase | procedures (USEPA,
) 1988). The Phase I results and ammonia data indicated
Plant Performance Evaluation that ammonia was a primary cause of effluent toxicity.
A limited POTW performance evaluation was Toxicity reduction by C18 SPE suggested that non-

conducted during a USEPA TRE research study t@olar organic compounds were also contributing to
determine if POTW operations or performance wasffluent toxicity (Morris et al., 1990).

contributing to the observed acute toxicity. The
POTW performance evaluation findings showed thatr|g phases 1l and IlI

industrial wastewater contributions have a significantr|g phase I (USEPA, 1989b) and PhH5EJSEPA,
effect on the variability and concentration of influent 1989c) analyses were performed usBigdubiaand
constituents. For example, in 1987, influent BOD yysids to identify and confirm ammonia and non-polar
varied from 292 to 636 mg/L, oil and grease ranged,rganic toxicants as causes of effluent toxicity (LRSA
from 11 to 132 mg/L, and ammonia-nitrogen varied;ggop, 1991: Morris et al., 1992). It was necessary to
from 17 to 119 mg/L (Morris et al,, 1990). The remoye ammonia toxicity in the TIE before other
influent variability equires the LRSA to make gyicants could be evaluated. A serial treatment
significant modifications to plant operations, such a%pproach was used to evaluate the contribution of

operating one or two aeration basins, to maintaif,qn_noar organic toxicants to acute effluent toxicity.
optimum treatment. Despite this variability, the LRSAE¢,ent samples were first treated with zeolite to

has consistently met NJPDES permit effluentlimits foremoye ammonia and then non-polar organic toxicity
conventional pollutants. was evaluated using C18 SPE column treatment and
Overall, the POTW performance evaluation indicateaGC/ MS ]:analyzes. ) A sehpalrateffTHS SPEd cqurr_m tngt
that the operation and performance of the LRsAVas performed using whole effiuent to determine |

POTW was satisfactory and the treatment process%fo_“f[te treatment had removed non-polar organic
did not appear to be contributing to effluent toxicity ‘OX!¢!Y-

(Morris et al.,, 1990). The POTW performance . . . .
evaluation also indicated that the ammomaResuIts of the nop—polar organic toxicant (_:onfl_rmatlon
concentrations observed in the effluent warranted€StS: presented in Table G-1, shc_)w that filtration, C18
further evaluation as a cause of effluent toxicity. PE column treatment, and zeolite treatment reduced
toxicity to both mysids an@€. dubia The combined
Pretreatment Program Review treatment steps removed all of the acute toxicity to both

Monthly average influent ammonia concentrations apPecies-  Following filtration, zeolite treatment
the LRSA have been as high as 150 mg/L. A review gfemoved 1.3 1o 2.0 TUa, while the C18 SPE column
the influent ammonia data indicated consistently loweféMmoved 1.5t0 4.3 TUa. Acute toxicity to both species
ammonia levels in July of each year (LRSA, 1990a)yvas.recovered in the 80 to 100% methanol/water
The decreased ammonia concentrations were relatedgctions from the C18 SPE column. Although only

the temporary shutdown of a manufacturing process &3 TUa were recovered from the column, previous
a major industrial contributor. tests had shown greater recovery (>2 TUa). The lower

recovery of non-polar organic toxicity in this sample
Toxicity Identification Evaluation may be due to the presence of toxicants that are

An objective of the LRSA TRE was to identify the difficult to elute from the C18 SPE column (e.g.,
causes of effluent toxicity in order to select controls fofUrfactants were indicated as a possible toxicant based
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Table G-1. TIE Phase Il Results: Non-Polar Organic Compound Confirmation (LRSA POTW)
TUa (100/LC50)

Sample Description* C. dubiat M. bahig
Baseline toxic units 4.3 8.5
Post-filtration treatment 2.8 6.3
Aliquot No. 1
Post-filtration and C18 SPE column treatment (original pH) 100 § 100 §
Combined toxic methanol/water 0.3 0.3
C18 SPE column fractions#
Aliquot No. 2
Post-zeolite treatment 15 4.3
Post-zeolite and C18 SPE column treatment <1.0 <1.0
Combined toxic methanol/water fractions from zeolite/ 0.3 0.3

C18 SPE column treatment#

* Effluents of serial treatment steps.

1 48-hourC. dubiaacute toxicity test.

1 96-hourM. bahiaacute toxicity test.

§ Percent mortality in 100% sample after 48 and 96 houiG.fdubiaandM. bahig respectively.

# Methanol/water fractions were evaluated at 5 times and 2.5 times whole effluent concentr&iatufnaandM. bahia
respectively.

on the toxicity removed by filtration). Overall, the ¢ The non-polar organic toxicants varied from
results showed that mysids were sensitive to the same sample to sample, which made it difficult to

non-polar organic toxicity a€. dubia These tests determine consistent causes of non-polar organic
confirmed non-polar organic toxicants as a cause of toxicity.
effluent toxicity to mysids. « Many of the compounds detected were unknowns.

Difficulties were encountered in trying to identify and The TIE results indicated that, in addition to ammonia,
confirm the specific non-polar organic toxicants. TIEnon-polar organic toxicity may need to be controlled to
Phase Il procedures (USEPA, 1989b), which include@dchieve compliance with the acute toxicity limit. Due
HPLC separation and GC/MS analyses, tentativelyo the difficulty in determining the non-polar organic
identified more than 20 non-polar organic compoundsoxicants, the LRSA decided to use a toxicity-based
as potential causes of toxicity. In addition, manyapproach to identify the sources of non-polar organic
potentially toxic unknown compounds were detectedtoxicity and other non-ammonia effluent toxicity.

The results suggested that the majority of the

compounds were related to industrial sources becaua'eoxicity Source Evaluation

the compounds are not typically found in domesticThe gvailable information indicated that both ammonia
wastewater. Further work was not performed toynd non-ammonia (e.g., non-polar organic) toxicity
identify the toxic non-polar organic compoundsgas being contributed by controllable industrial
because: sources. Therefore, pretreatment controls were
deemed to be feasible and source evaluation studies
« Little or no toxicity data were available for most of \yere performed to identify the sources of ammonia and
the non-polar organic compounds identified in thenon-ammonia toxicity. Sources of ammonia were
effluent (e.g., no LC50 values for the specific non4gentified by a chemical-specific approach and sources
polar organic compounds); therefore, it was N0 non-ammonia toxicity were identified by a
possible to determine if the concentrations presenrpyicity-based approach. The resulting information

in the effluent were acutely toxic. was used to develop appropriate pretreatment limits.
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Chemical-Specific Source Evaluation (i.e., ammonia was not captured by or eluted from the
The LRSA conducted studies to locate the majof£18 SPE column).

sources of ammonia in the collection system. Key

manholes and industrial discharges were sampled aride toxicity source evaluation identified two industrial
tested for total ammonia from 1990 through 1992. Thélischargers of non-polar organic toxicity (LRSA,
results indicated one major industrial source o0fl992b). Nonpolar organic toxicity tests performed on
ammonia in the collection system. Based on the surveie effluent during this period suggested that non-polar
results, the LRSA developed and implementedrganic toxicity was variable and that there may be
pretreatment limits to reduce effluent ammoniaother causes of non-ammonia toxicity. Therefore,

concentrations (LRSA, 1993a). further RTA testing was conducted in 1993 to identify
sources of non-ammonia toxicity that may be caused by
Toxicity-Based Source Evaluations non-polar organic compounds and other unidentified

The toxicity-based approach used RTA procedures th&@mpounds.

involved treating industrial wastewater samples in

bench-scale, batch simulations of the POTW activated & ammonia pretreatment limits were not to become
sludge process and measuring the resulting toxicit§ffective until after July 1995; therefore, the LRSA
(USEPA, 1989a). The toxicity remaining after batchinfluent and effluentammonia concentrations remained
treatment, referred to as ‘“refractory” toxicity, Nigh during 1993. It was necessary to remove
represented the toxicity that passes through the POT@Mmonia toxicity in RTA testing in order to identify
and causes effluent toxicity. As shown in Figure 5-280urces of non-ammonia toxicity (LRSA, 1993b).
(Section 5), two types of batch reactors are tested. £Leolite treatment of the batch effluent samples to
control reactor simulated the treatment plant andémove ammonia was considered, but previous studies
treated only the POTW influent. The secoedator indicated that zeolite also may remove non-ammonia
evaluated the addition of the industrial discharge to thioXicity. Therefore, two alternative approaches were
POTW by treating industrial wastewater spiked intouSed to remove ammonia toxicity in the RTA. First,
the POTW influent. An industrial discharge would bet€sting was conducted during periods of low influent
considered a source of toxicity if effluent from the @mmonia concentrations, which occurred during the

spiked reactor was more toxic than the control reactgdnnual summer shutdown of the ammonia-contributing
effluent. industrial process. During this period, ammonia

concentrations were not acutely toxic; therefore, RTA
Initial RTA tests conducted during the USEPA studytesting would provide a direct measure of the
indicated that refractory toxicity was limited to anNOn-ammonia toxicity contributed to the POTW. The
industrialized area of the collection system. FollowingSecond approach was used when the ammonia
the USEPA study, ammonia was confirmed as th&ontributing process was fully operational and involved
primary cause of effluent toxicity and the major sourcé!Sing & simulated plant influent (SPI). The SPI
of ammonia was identified. Accordingly, subsequenfonsisted of sewer wastewater collected from all major
RTA tests focused on identifying sources oftrunklines exceptthe sewer line serving the ammonia
non-ammonia toxicity. In 1992, RTA testing was discharger. It was also necessary to wash the RAS
performed to evaluate sources of non-polar organitSed inthe RTA to reduce the ammonia concentrations
toxicity because non-polar organic compounds hadssociated with the RAS (LRSA, 1993c).

been identified as a major cause rafn-ammonia . ] ) )
toxicity. The 1993 RTA testing was intended to identify those

industries that would be required to meet pretreatment
The procedure for measuring non-polar organid€duirements to control non-ammonia toxicity.
toxicity involved passing the RTA batch effluent Thirty-two of the 40 industrial users were evaluated
samples through a C18 SPE column, eluting th&itherdirectly orindirectly by testing sewer wastewater
column with methanol, and performing a toxicity testSamples collected from key manholes. Previous RTA
on the methanol elution (LRSA, 1992a). Thistesults and information obtained in an industrial user
procedure provided a direct means of measuring nof¢aste survey were used to select the industries to be
polar organic toxicity and it eliminated interferencestested.
associated with toxic ammonia concentrations
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The results of RTA tests performed in July andresults supportthe findings of the USEPA study, which
October 1993 are presented in Table G-2. If theidentified industries A, B, and E as sources of toxicity,
effluent toxicity of the sewer wastewater spiked reactoand the 1992 study, which identified industries B and
was greater than that of the control reactor on twd& as sources of non-polar organic toxicity. Six other
occasions, the discharge was considered a source influstries were identified as suspected sources based
toxicity. Industries A, B, E, and F were indicated ason the results obtained for key manholes 9 and 12.
sources of non-ammonia toxicity based on the resulisRSA plans to test these suspected sources directly to
of direct testing of their industrial discharges. Thesealetermine which industries are contributing toxicity.

Table G-2. Results of Refractory Toxicity Assessment, July and October 1993*

RTA Reactor 96-Hour Mysid TUa (100/L.C50) Source of Refractory
Effluent Jul 15 Jul 16 Jul 22 Jul23 | Oct19]| Oct20 Toxicity?®

Control Reactor <1.0 <1.0 1.63 1.05 2.0 1.75 n/a
Spiked Reactors

Industry A <1.0 NT 1.92 NT 3.39 1.22 YES
Industry B 1.45 NT 1.89 NT NT NT YES
Industry C <1.0 NT NT NT NT NT NO
Industry D NT <1.0 NT NT NT NT NO
Industry E NT <1.0 NT 1.19 NT 1.75 YES
Industry E 5x T NT NT NT 4.0 NT NT YES
Industry F NT <1.0 NT 2.18 1.55 1.86 YES
Industry G NT NT <1.0 NT NT NT NO
Industry H NT NT NT NT 2.28 NT NO
Industry | NT NT NT NT NT 1.29 NO
Industry J NT NT NT NT NT 1.81 NO
Key manhole 1 <1.0 NT NT NT NT NT NO
Key manhole 3 NT NT NT 1.12 T NT NO
Key manhole 4 NT <1.0 NT NT NT NT NO
Key manhole 7A <1.0 NT NT <1.0 NT NT NO
Key manhole 9 § 1.1 NT NT <1.0 6.1 NT YES
Key manhole 10 NT NT 1.33 NT NT NT NO
Key manhole 12 # 1.33 NT 1.81 NT 1.71 1.63 YES
Key manhole 14 NT NT 1.33 NT NT NT NO
Key manhole 15 NT <1.0 NT NT NT NT NO
Roselle flume NT <1.0 NT NT NT NT NO

*

Spiked reactor results shownlwld indicate greater TUa than the control. Increased toxicity in the spiked reactor

effluent compared to the control indicates a source of refractory toxicity.

Tested at five times the normal flow contribution to evaluate anticipated increase in flow.

Toxicity test was invalid based on unacceptable control survival.

Key manhole 9aceives wastewater from thremlustries.

Key manhole 12aceives wastewater from threwlustries.

If a spiked reactor result was greater than that of the control on two occasions then the discharge was considered a source
refractory toxicity.

NT Not tested.

O £ Hw+H+ —+

=
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Toxicity Control Evaluation the necessary information was not available to develop

The LRSA evaluated control options for ammonia andhemical-specific pretreatment limits.

non-ammonia toxicants. The objective was to identify

and assess the available options and to determine thé an alternative to pretreatment limits, activated

reducing effluent toxicity to acceptable levels. its effectiveness in reducing effluent toxicity caused by
a variety of compounds including non-polar organic

A modified acute toxicity test procedure was considered and found to be cost prohibitive (T.L.

developed by the LRSA and approved by the NJDElMorriS' Technical Memorandum to LRSByaluation
to control pH drift in the toxicity test. The pH in ©f Granular Activated Carbon at LRSAanuary 19,

previous LRSA compliance tests typically drifted up to1993)- It also was determined that the use of PAC
8.0 to 8.5, which resulted in an overestimation ofreatment would result in unacceptable sludge quality.

ammonia toxicity (i.e., unionized ammonia concen- )
trations increase as pH increases). The modified te3'¢ LRSA elected to implement pretreatment controls

procedure maintains pH in the toxicity test at the?€cause controllable industrial sources of non-
receiving system pH of 7.4. This modification @Mmonia toxicity had been identified and practical

provides a more accurate measurement of instrealfi-Plant treatment options were not available. It was
ammonia toxicity.

determined that the pretreatment limits must be
toxicity-based because of the lack of specific

Using ammonia toxicity values for mysids published'nformat'on on the causes of nhon-ammonia toxicity.

by USEPA (1989d), a linear regression model wad Ne proposed pretreatment approach involved RTA
prepared to predict the concentration of ammonia ifesting to determine which industries should be issued

the effluent which, in the absence of other toxicants!Mits and which industries should be monitored to

should result in compliance with the acute toxicity@SSess the need for future limits (LRSA, 1993c).
limit. The ammonia value generated by the model ) o
accounts for toxicity test conditions that affect thelMplementation Of Toxicity Controls
concentration of unionized ammonia (e.g., pH,Ammonia Pretreatment Limits
temperature, and salinity). The model determined thathe approach used to develop pretreatment limits for
the acute toxicity limit could be met with an effluent ammonia was relatively straightforward. As required
ammonia concentration of 35 mg/L (LRSA, 1991). by the ACO, the LRSA submitted a work plan for

developing ammonia pretreatment limits to the NJDEP
Several options for in-plant treatment of ammonia werén April 1992 and the plan was approved in May 1992
evaluated to achieve the ammonia target level. AQ.RSA, 1992c). Using the target ammonia level of 35
shown in Table 6-1 (Section 6), none of the six optionsng/L and the ammonia survey data, an allowable
evaluated was practical based on technical and coseadworks loading approach (USEPA, 1987) was
considerations. In addition, significant inhibition of followed to develop draft pretreatment limits. The
nitrification was observed during treatability tests,LRSA published the draft limits for public notice and
indicating that inhibitory compounds would need to becomments were received and reviewed. In January
controlled if nitrification was selected as a control1993, the proposed ammonia pretreatment limits and
option (LRSA, 1991). Based on these results and thine LRSA’s response to public comments were
results of the ammonia source evaluation, chemicakubmitted to the NJDEP. The limits were approved in
specific pretreatment limits were selected as the bedarch 1993 and industrial users were to comply with
approach for controlling toxicity caused by ammoniathe limits by July 1995 (LRSA, 1993a).
(LRSA, 1993a).

Toxicity-Based Pretreatment Limits for
Non-Ammonia Toxicity Control Evaluation Non-Ammonia Toxicity
The TIE indicated that the causes of non-ammonid@he LRSA is one of the first municipalities to develop
toxicity were complex and highly variable and thetoxicity-based pretreatment limits to control non-
specific compounds causing non-ammonia toxicityammonia toxicity. At the time of this study, toxicity-
could not be identified and confirmed. Consequentlybased pretreatment limits had not been applied

138



elsewhere and there was no specific guidance onhe RTA procedures had notbeen used for compliance
developing such limits. The selected approach washonitoring purposes in New Jersey. Therefore, a
based on the available TRE information and involvedsite-specific RTA protocol (LRSA, 1994) was
several aspects of various pretreatment approachsabmitted to the NJDEP for review and approval prior
recommended by USEPA (1987). to development of the draft pretreatment limits. The
RTA protocol was approved by the NJDEP in June
The LRSA submitted a work plan for development 0f1996. Pretreatment program permits for several
the limits to the NJDEP in June 1993 (LRSA, 1993b)industries were modified to include the TMP
The proposed approach was designed to address batiovisions. These industries are currently required to
major and minor sources of non-ammonia toxicityconduct quarterly monitoring using the RTA protocol.
(LRSA, 1993c) and to ensure compliance without
unnecessary controls. The proposed limits will consisDiscussion
of the following components referred to collectively aschemical-specific pretreatment limits are being
a toxicity management program (TMP): implemented to control toxicity caused by ammonia
and toxicity-based pretreatment limits are in place to
+ Narrative local pretreatment limit of “no discharge control non-ammonia toxicity. The major source of
of refractory toxicity.” ammonia ceased its discharge of the ammonia-laden
* Pass/fail toxicity-based limit using the RTA \yaste stream in 1997. As a result, effluent ammonia
procedure as a compliance test (i.e., the effluerdoncentrations at the LRSA treatment plant decreased
LCS50 of the industrial user spiked reactor may notg ahout 30 mg/L. A compliance test performed after
be less than the LC50 of the control reactolhe ammonia source was eliminated showed improved
effluent). effluent quality (ie., LC50 = 72%). Addonal tests
* Industrial user (if toxicity is found) may be gre planned to confirm this initial result.
required to implement a toxicity reduction
program comprising requirements to identify |t js possible that the ammonia pretreatment limits
causes and sources of toxicity, implementyjone will achieve compliance with the acute effluent
industrial user management practices, and evaluaggyicity limit. However, due to the complex and
and establish other controls to ensure complianc@ariable nature of the non-ammonia toxicity, it is not
with the toxicity-based limits. possible to accurately predict if the ammonia reduction
* RTA monitoring requirements and decision yjj| achieve consistent compliance with the permit
criteria for determining if an industrial user needsjmit LC50 >50%). The LRSA has established
to continue with the TMP. pretreatment requirements for non-ammonia toxicity to
* Provisions to allow industries to be relieved fromensyre full and timely compliance with the toxicity
the TMP requirements if toxicity requirements arejmit.  The need for industrial users to control

met. . _ _ non-ammonia toxicity is ultimately tied to compliance
* Compliance schedule including milestones andyith the acute effluent toxicity limit. If necessary,
progress reports. industrial users may request relief from these

* Reopener clause stating that the pretreatmengquirements if the effluent consistently complies with
permit will be modified to include chemical- the gcute effluent toxicity limit.

specific limits if the causes of toxicity are
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Appendix H

Toxicity Control Options for Organophosphate Insecticides

Organophosphate insecticides, including diazinonteadily controlled by pretreatment program regulations.
chlorpyrifos, malathion, and chlorfenvinphos, haveAlternative efforts to minimize the use or disposal of
been dund to cause effluent toxicity at POTWs organophosphate insecticides must have broad appeal
throughout the United States (Norberg-King et al.fo the public at large.

1989; Amato et al., 1992; USEPA, 1987; Botts et al.,

1992; Fillmore et al.,, 1990). A case study of theOrganophosphate insecticide control measures that
occurrence of organophosphate insecticide toxicity abave been considered by POTW staff include public
POTWs in the San Francisco Bay area is presented outreach and education programs and approaches to
Appendix F. Although procedures are available forestrict the use of organophosphate compound
identifying organophosphate toxicants, less is knowrmapplications. Efforts to ban or restrict the use of
about how to control organophosphate insecticides inrganophosphate insecticides have not besressful,
POTW effluents. This section describes approachdargely because of concerbaut legal issues and the
for organophosphate toxicity control that have beedifficulty in controlling the sale of organophosphate
successfully implemented at POTWs. Information iscompounds outside of the community.

also presented on ongoing research into POTW

operational improvements that may reduce effluenRestrictions on Organophosphate Insecticide
concentrations of organophosphate toxicants. Use

i . In 1990, the City of Largo, Florida, evaluated the
A review of the literature suggests that two approachq%asibi”ty of banning the use of diazinon and other

may be successful in reducing organophosphatg,. anophosphate insecticides (malathion and

compounds at POTWs: chlorfenvinphos) to control effluent toxicity (C.
. . L . Kubula, personal communication, City of Largo,
* Public education to limit the discharge of Florida, 1992). It was determined that a diazinon ban
organophosphate compounds to the POTW. 5,4 jikely increase the use of other, equally toxic,
« POTW modifications, parthularly involving insecticides. For example, DursBana likely
enhancements to the biological treatment andernative insecticide, contains chlorpyrifos, which
chlorine disinfection processes. has been found to be more toxic than diazinon. Also,

, restrictions on diazinon use would apply only to new
The latter approach has been the subject of a researghy, jjies not to insecticides already in stock at stores.

study being funded by the two principal manufacturersl-he City of Largo estimated that the stockpiled

of organophosphate compounds in North AMericay;,,inon would last for more than a year. An effective
Novartis Crop Protection, Inc., and Makhteshim-Agan, o o) program would also require the cooperation of
of North America, Inc. neighboring communities in limiting the purchase of

. . diazinon outside of the community. In addition, the
Public Education Approach local banning of federally approved insecticides would
Organophosphate insecticides are used widely for pee controversial. It was anticipated that insecticide
control by homeowners, restaurants, veterinarians, anglanufacturers and distributors would challenge the
other commercial businesses. These sources are Mity's authority to implement such controls. Based on
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this analysis, the City of Largo determined that banningonsecutive months. The public awareness effort is
diazinon would not be a practical control option. continuing and the City will monitor its effect on
toxicity reduction.
Public Education Campaigns
Based on the impracticality of insecticide bans, thdhe City of Largo initiated a public education
City of Largo elected to pursue a public awarenes§&mpaign in 1992.  An information brochure was
approach to control diazinon toxicity. The City of Prepared and distributed in 1993. Effluent toxicity
Greenville, Texas, also implemented a pub”cdecreased; however, it was not known if the reduction
education program in 1990 (City of Greenville, 1991).is related to the public education program. A strong
The first year of the program focused on determining™Mphasis has not been placed on the program because
significant users of the insecticide and developinghe City has opted for a land irrigation treatment
educational materials. The following years haveSystem in lieu of continued effluent discharge.

involved distributing the materials and conducting _ _ _ o
other informational activities. As noted in Appendix A of this manual, diazinon and

its toxic metabolite diazoxon were tentatively

The City of Greenville initially identified nine groups identified as effluent toxicants at the City of Lawton
of diazinon users: pest control businesses, lawn caROTW. The City decided to implement a public
businesses, veterinarians, animal shelters, janitori@wareness program in 1993 to control the discharge of
services, apartment complexes, restaurants, hotels, algecticides to the POTW (Engineering Science, 1993).
retail stores (City of Greenville, 1991). The residentialnformation on the proper use and disposal of
population also was added as a target user group. THsecticides was printed in newspaper articles and on
City service area was divided into sections, and &onthly water bills. An electronic message sign with
telephone survey waoeducted. Information was insecticide information also was located at major
gathered on diazinon use, including existing supplie§tersections. Since August 1993, the POTW effluent
and application and waste disposal practices, andgs met the toxicity permit limit (NOEC >96%
business owners and homeowners were notified of trffluent) with the exception of 2 months in 1994 and

importance of controlling diazinon wastes. TheSéveral months in 1995 (as of September 1997).

activities: toxicant, the City's ongoing insecticide control effort
appears to have been successful in achieving
« Brochures and handouts compliance with the chronic toxicity limit.

» Pest control fact sheets describing integrated pest ]
management methods, which focused orfPOTW Operational Improvements

minimizing insecticide usage Diazinon Treatment
* Mass mailings In 1992, Novartis Crop Protection, Inc., in cooperation
* Newspaper articles with Makhteshim-Agan of North America, Inc.,
* Public service announcements initiated a study on diazinon and its relationship to

* Occasional talk shows on local radio stations  effluent toxicity at POTWs (Novartis, 1997). A
* Biweekly presentations to schools and businesprincipal objective of the study was to determine the
groups treatability of diazinon and assess its fate in POTWSs.
* A telephone information line. Research on this subject included a survey of POTWs
in which organophosphate insecticide toxicity was
The City of Greenville also enacted an ordinance t@bserved and bench-scale treatability tests were
encourage environmentally sound use of insecticidegonducted to evaluate diazinon removal by various
The ordinance requires retail vendors, pest contrateatment methods and operating conditions.
services, and apartment managers to distribute
educational material to customers and to periodicallywo types of POTW biological treatment processes
report insecticide applications to the City. were investigated in the Novartis study: fixed film
(trickling filter and RBC) and activated sludge.
The results of the Greenville education campaign argfluent and effluent concentrations at several POTWs
encouraging. Beginning in December 1993, thén the southwestern United States were compared to
treatment plant effluent was not toxicGodubiafor 3 determine removals of diazinon and chlorpyrifos.
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Overall, the data indicated that diazinon reductiordominant removal mechanism. Therefore, the tests
could be achieved in conventional POTW treatmenfocused on partitioning of diazinon and chlorpyrifos
processes. A statistical analysis of the data showeshto primary and mixed liquor solids. These tests
that the fixed film process had a significantly lowershowed that about 30% of the diazinon and 85 to 90%
percent removal (p=0.95) for diazinon than theof the chlorpyrifos presentin POTW primary influent
activated sludge process or a combined fixed filméamples is adsorbed onto primary influent solids.
activated sludge process. Asimilartrend was observadixed liquor adsorption results revealed that
for chlorpyrifos, although no significant differences approximately 65 to 75% of the diazinon added to the
were found between the process types. mixed liquor adsorbed onto the biomass. Diazinon
adsorption was greater for a 30-day SRT biomass than
Bench-scale treatability testing was conducted tdor a 15-day biomass. Chlorpyrifos strongly adsorbed
further evaluate the fate of diazinon in typical POTWto the biomass; 100% was removed.
processes. These tests considered the effect of design
and operating conditions for biological treatmentSummary

processes on diazinon removal and effluent toxicityst,dies have shown that organophosphate compounds
Additional tests were performed to investigate thesan pe effectively controlled through public education
effect of physical/chemical processes, includingcity of Greenville, 1991; Engineering Science, Inc.,
chemical precipitation, chlorination/dechlorination, and1993) . This effort may vary from the distribution of
post aeration on diazinon concentrations and toxicityequcational materials to the enactment of ordinances
that require strict accounting of insecticide use. The
As shown in Figure H-1, a correlation was found tosydies conducted to date indicate that characterization
exist between diazinon removal and sludge retentiogs the sources of organophosphate compounds is key

time (SRT), HRT, and MLSS concentration intg the development of a successful toxicity control
activated sludge treatment tests. The primary removajogram.

mechanism in the activated sludge tests was adsorption

onto the biological solids. These results suggest th@fecent information shows that relatively simple
diazinon removal may be improved by increasing th@&nhancements to POTWs may help to reduce
SRT, HRT, and/or MLSS concentration of thegrganophosphate compounds.  Factors affecting
treatment process. diazinon and chlorpyrifos removal include the SRT,
HRT, and MLSS concentrations in activated sludge
Auxiliary ~process studies provided ailthal processes, chlorination/dechlorination, and post
information on treatment of diazinon (Novartis, 1997).5eration. Further studies are in progress to better
Chemical precipitation using ferric chloride and define the operating conditions that will promote
polymer only slightly reduced diazinon levels. No grganophosphate compound removal (D. Tierney,

major change in diazinon concentrations was observqglersonm communication, Novartis Crop Protection,
whether the coagulants were added to primarync  1997).

wastewater or secondary treated wastewater prior to
clarification. Chlorination treatment was effective in
reducing diazinon from secondary clarifier effluent;
however, chronic toxicity was unchanged. Qualitative
results suggest that the chlorine oxidized diazinon to
diazoxon, a by-prduct that exhibits similar toxic
effects as diazinon. Post aeration of secondary clarifier
effluent also reduced diazinon levels; however, once
again, chronic toxicity was not significantly changed.
Again, it was assumed that diazinon was oxidized to
diazoxon.

Additional tests evaluated the fate of diazinon in
POTWs (Novartis, 1997). Anecdotal evidence from
other studies (Fillmore et al., 1990) and the treatability
studies suggested that adsorption onto solids was the
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Figure H-1. Diazinon removal as a function of SRT, HRT, and MLSS concentration (reprinted with the permission
of Novartis Crop Protection, Inc.) (Source: Novartis, 1997).
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Appendix |

Pretreatment Program Chemical Review

Introduction Table 2-3. The data collection effort should include a

It may be possible in limited cases to identify the toxicSurvey of eachndustrial user, using the example
influent sources by comparing pretreatment prograrfnecklist shown in Table I-1.

data on suspected sources to chemical-specific and

toxicity data on the POTW effluent. The objective of/nformation on chemicals that may be used in
the PPCR is to determine the sources of toxicity bynanufacturing processes can be obtained from the
comparing chemical data ondustrial dischargers to Encyclopedia of Chemical Technoldgirk-Othmer,
toxicity data reported in the literature.  The 1982). Although OSHA regulations require that
pretreatment program information should include flowinformation on hazardous chemicals is to be made
and chemical monitoring data on the industrial usersavailable to the public on MSDSs, information on
descriptions and schedules of industrial productiory@rious “specialty” chemicals can be difficult to obtain.
campaigns, and inventories of chemicals used iiyVhen data on a “specialty” chemical are not disclosed,
production. The final outcome of this review should@ literature review can be performed to determine the
be an improved understanding of the industrieschemical’s acute toxicity and biodegradability. This
processes and chemical usage, and the possimgormation allows assumptions to be made concerning
identification through the PPCR approach has beelhe potential for the chemical to cause effluent toxicity.
successful in reducing effluent toxicity at POTWSs withAn initial indication of the possible toxic pollutants

a limited number and type of industriabuts (Diehl ~causing effluent toxicity can be made by comparing
and Moore, 1987). expected or actual effluent concentrations to toxicity

values provided in the literature.

General Procedure

The main steps in a PPCR are to: Compare PPCR Data to POTW Effluent Toxicity

Results

 Gather the pertinent pretreatment program data Information on the magnitude, variability, and nature
« Compare the data to POTW effluent toxicity of the POTW effluent toxicity can be compared with
results and/or TIE data the PPCR data to determine the sources(s) of possible
« Identify potential influent source(s) of toxicity ~ problem chemicals. This comparison can be made
« Evaluate and recommend a toxicity controlusing statistical analyses to determine if the variability
option(s). in the source characteristics can be related to the
variability in the POTW effluent toxicity. A
A brief description of each of these steps follows.  description of data analysis techniques for comparing
POTW and industry pretreatment data follows.
Collect Data on Industrial Users
Data on all categorical, significant non-categorical andwo types of statistical analyses can be used to
other potential toxic dischargers (e.g., industrial usersompare the pretreatment program chemical data and
with local limits and RCRA and CERCLA inputs) POTW effluent toxicity data: linear regression (Draper
should be collected. A list of pertinent informationand Smith, 1966) and cluster analysis (Pielou, 1984;
that should be considered in a PPCR is presented Romesburg, 1984).
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Table I-1. PPCR Data Sheet

Industry Name
Notes:

Address
Notes:

Industrial Category (SIC Code)
Notes:

TRE Objectives
Notes:

Manufactured Products
Notes:

Chemicals Used
Notes:

Amounts (write on MSDS)
Notes:

MSDS

Process in which chemical is used
(write on each MSDS)
Notes:

Aquatic toxicity/biodegradability information
on all chemicals used. Review MSDS,
supplier information, and literature

Notes:

Engineering drawings of facility
Notes:

Production flowchart and line schematic
Notes:

All floor and process drains with schematic
Notes:

Wastewater pretreatment system schematic
Notes:

Facility records
Notes:

Water usage, water bills
Notes:

DMRs for 24 months
Notes:

Pretreatment system operations data
Notes:

Pretreatment system operator interview
Notes:

Spill prevention control plan
Notes:

RCRA reports, hazardous waste manifests
Notes:

All Attached

None

Available

Available

Available

Available

Available

Available

Available

Available

Available

Partial Available

Some

No

No

No

No

No

No

No

No

No
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Linear regression analysis is used to find correlationPOTW effluent variables:

among the variables in the data basel to relate

changes in POTW effluent toxicity to the variables. A « OFLOW is the recorded effluent flow (mgd).
cluster analysis using pattern recognition software cane COD is the chemical oxygen demand concentra-
weigh and evaluate the significance of toxics/toxicity  tion (mg/L).

correlations. The determination of concentration « BOD; is the biochemical oxygen demand concen-
/response relationships through statistical analysis tration (mg/L).

should not be considered as a definitive answer tos Cu is the copper concentration (mg/L).

toxicity tracking because of the complexity of the < Cris the chromium concentration (mg/L).

factors contributing to toxicity in POTW effluents. ¢ Zn s the zinc concentration (mg/L).

The following example illustrates how a stepwiseThe following variable is the “Y” variable:

linear regression technique can be used in a PPCR

assessment. The technique is used to identify how. | c50 is the acute LC50 as percent effluent.

changes in several variables can impact the presence

and variability of effluent toxicity. Table I-2 presents By applying standard stepwise linear regmssthe

an example data sheet for a POTW serving ongariables OFLOW, BOR Cr, and Cu were eliminated

manufacturing plant. In this example, only a fewpecause they were insignificant to toxicity. Stepwise

POTW effluent industry variables were used in thgjnear regression showed that the remaining (X)

linear regression analysis; however, additionalariables were significant as regressed versus (Y)

variables also could be added in the regressioncso. This analysis indicated that Zn, COD, LBS, and

analysis. INFLOW were correlated with POTW effluent

The following variables are the “X” variables: toxicity.

Identify Source(s) of Toxicity

Based on the data analysis, a list of the possible

e LBS is the manufactured product per monthcontributors to effluent tOXiCity at the POTW can be
(millions of pounds). developed. Sources of suspected toxicants should be

« INFLOW is the discharge flow based on waterselected based on toxicant loading calculations.
usage (mgd). Industrial users who contribute potentially toxic

Industry variables:

Table I-2. Data Sheet for Regression Analysis

Parameter

Month LBS | INFLOW |OFLOW | COD BOD Cu Cr Zn LC50

Jan 0.80 1.2 1.0 30 10 0.73 0.02 1.6 20
Feb 1.01 15 1.2 33 11 0.61 0.02 1.9 20
Mar 1.20 1.7 14 41 15 0.78 0.02 2.0 18
Apr 1.25 1.7 15 39 14 0.65 0.02 1.6 18
May 1.16 1.6 14 30 12 0.66 0.02 15 22
Jun 0.90 1.2 1.0 28 11 0.68 0.02 1.4 30
Jul 0.90 1.2 0.9 25 10 0.71 0.02 1.8 40
Aug 1.20 1.6 1.4 23 9 0.72 0.02 1.9 38
Sep 1.30 1.8 1.6 25 15 0.69 0.02 2.0 40
Oct 1.27 1.7 14 26 18 0.72 0.02 21 33
Nov 1.10 1.6 14 30 17 0.71 0.02 1.9 28
Dec 0.90 1.2 1.0 40 21 0.75 0.02 2.0 22

149



loadings of suspected toxicants would be candidatasse of problem chemicals. A list of useful interview

for a toxicity control evaluation. questions is shown in Table I-3. These questions may
enable the industry to identify problem areas and
Recommend Toxicity Control Option(s) possible corrective actions in the use of toxic

Of the potential toxicity control options, toxic chemical chemicals in manufacturing.  Source control may
substitution or elimination is usually the mostinclude substitution or elimination of problem

pragmatic approach. Thus, a follow-up interview withchemicals, flow reduction, equalization, spill control,
the toxic discharger(s) should be conducted to develognd manufacturing process changes.

information concerning techniques for the preferred

Table I-3. Summary of the PPCR Chemical Optimization Procedure
1. Obijectives

a. Optimize chemical usage amounts in production and water treatment processes.
b. Optimize chemical structures in process chemicals ensuring biodegradability or detoxification is possible.

c. Establish process controls over incoming raw materials, measuring possible toxic components. Example:
corrosion-resistant finish put on steel by manufacturer that must be removed prior to part fabrication.

2. Strategy

a. Determine the role of each chemical in the process. This is done by supplier interviews and review of data
gathered during the initial survey. Ask the questions:

Can less of this chemical be used?
Has the optimum amount been determined for each process?
Do other suppliers offer compounds that will perform as well at lesser concentrations?

Is the compound in reality a part of the manufacturer’s water treatment system and independent of product
production?

OBJECTIVE: Use less chemicals per pound of product produced.

b. Discoverthe biodegradability and toxicity of the process chemical. This is done by supplier interview, review
of MSDS information, and literature search. Suppliers may not want to supply exact chemical formulations.
In this case, ask industry to request supplier to perform tests to develop needed data. Questions to ask:

What are the components in the product?
What is its aquatic toxicity?

Is the product biodegradable?

What is the rate of biodegradation or half-life?

Are there other component chemicals on the market that meet manufacturing requirements, but are low in
toxicity and highly biodegradable?

OBJECTIVE: Use chemicals that will not create or contribute to toxicity problems.

c. Establish process controls over incoming raw materials. Many raw materials have chemicals used in their
manufacturing that are removed in the production of the final product. Many raw materials may have trace
contaminants that may cause toxic problems. Questions to ask:

What chemicals are used in the manufacturing of the raw material?
What are the residual amounts of these raw material contaminants or by-products?

Are there quality-control procedures that measure the amounts of these chemicals?

What are the statistical process measures used in the monitoring of these chemicals in the raw materials?
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Table I-3. Summary of the PPCR Chemical Optimization Procedure (continued)

3. Outcome of Investigations

a.

4. Use of opportunities available due to past experience

a.

a.
b.

C.

If these chemicals are required to be removed before the raw materials can be used in manufacturing the

final product, what purpose do the chemicals serve in raw material manufacturing?
Can they be eliminated?

Can they be made less toxic or more biodegradable?

OBJECTIVE: Understand all raw materials being used and encourage development of QA procedures
to monitor toxic chemicals removed during processing.

There will be a list of all chemicals used in processing and manufacturing of products. Included will be the
amounts used, why the chemicals are used, and if optimization is being practiced.

MSDS sheets for all chemicals used will be on file.

A list of chemicals applied or used in the manufacturing of all raw materials will be on file under that raw
material with the residual amounts noted if possible.

There will be a list of all chemicals and raw materials purchased on a monthly basis and the amount of
product produced.

OBJECTIVE: Hard information to be used in data analysis.

With experience in various industries, certain chemicals will become “known” as typically used in some
process of manufacturing.

These known compounds can be categorized and toxicity determinations made. Once found toxic, the first
information the industry must supply to the POTW staff conducting the TRE is whether these chemicals
are used in its manufacturing process, in raw materials, or in water treatment processes.

Letters also are sent to rawatarial suppliers asking if these compounds are used in raw material
producton. If they are, the supplier is asked to submit prototype alternative raw materials that do not
contain these compounds.

This can be done at the beginning of the TRE for known problem chemicals. Indeed, control regulations
also usually involve establishing limits for selected known toxics in industrial operations.

What is accomplished by this process can be remarkable. First, the supplier is alerted that these compounds
can cause his or her customers problems, resulting in a search for an alternative raw material source that
is free of these objectionable chemicals. A successful market search reduces the market demand for

contaminated or objectionable raw material.

5. Tests to help assess toxicity/biodegradability on speciality formulated chemicals and mixtures and to help
evaluate competitive products

BOD,, BOD,,.
BOD,, BOD,, performed at LC50 concentration with toxicity test performed on settled effluent from test.
COD before and after BQDPBOD,, at LC50, EC50 concentrations.

Estimate biodegradability by using BOQ&nd COD tests and the calculation (BGDCOD)/COD x 100
of 10 or 20 mg/L solutions of chemical; this can be repeated at a 20-day BOD.

Biomass inhibition tests (see detailed procedures given in Section 5).
LC50 on products; screening dilutions 1-10,000 ppm.

OBJECTIVE: Help industry determinelative biodegradability and toxicity of various raw materials,
products, and by-products.
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Appendix J

Refractory Toxicity Assessment Protocol:
Step-by-Step Procedures

The following protocol provides step-by-step estuarine/marine species (Morris et al., 1990; Botts et
procedures for designing and executing RTA studies tal., 1992, 1993, 1994). Examples of RTA studies are
track sources of acute and/or chronic toxicity in POTWpresented in Appendices C, D, and G. The RTA
collection systems. This protocol describes theprotocol has been designed to simulate conventional

following steps:

activated sludge processeshaligh it has also been

adapted to other POTW treatment processes including
» Using characterization data to evaluate wastsingle and two-stage nitrification systems (Collins, et

streams of concern.

al. 1991), BNR processes (Appendix D), and filtration

» Accounting for toxicity in the activated sludge treatment systems (Appendices C and D).

biomass to be used in testing.
* Adapting and calibrating the protocol to site-

specific conditions.

» Collecting and analyzing samples to be used i\, POTW Wastewater Profile

testing.

» Preparing RTA test mixtures.

» Performing RTA tests.

» Evaluating the inhibitory potential of waste
streams.

» Performing TIE Phase | tests on RTA effluents
(optional).

The RTA protocol was first developed in the USEPA
TRE research study at the City of Baltimore’s Patapsco
POTW (Botts et al., 1987) to evaluate the potential for
indirect dischargers to contribute refractory toxicity.
Additional USEPA TRE research studies in Linden,
New Jersey; High Point, North Carolina; Fayetteville,
North Carolina; and Bergen County, New Jersey were
conducted to improve the RTA approach (Morris et al.,
1990; DiGiano, 1988; Fillmore et al., 1990; Collins et
al., 1991). The RTA protocol described below is a
refined version of the method given in the first edition
of the Municipal TRE Protocol (USEPA, 1989).

The RTA procedure has been used to track sources of g

acute and chronic toxicity using both freshwater and
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Characterization data are generated for each waste
stream to be tested in the RTA.

1. Collect grab samples of RAS and 24-hour

composite samples of POTW primary effluent
and selected sewer wastewaters (i.e., sewer
line wastewater or indirect discharges).

Analyze RAS samples (filtrate) for TSS, VSS,
NH;-N, and pH.

Analyze primary effluent and sewer
wastewater samples for BQDCOD, TSS,
TKN, TP, NH;-N, and pH.

Determine the type of unit processes, type of
discharge (e.g., comtuous versus
intermittent), operations schedule, and flow
rate for the discharge points selected for
evaluation (see Section 5).

Repeat above steps on several samples to
characterize variability over time.



B. Biomass Toxicity Measurement

Biomass toxicity is measured to evaluate the potential
for toxicity interferences in the RTA.

1.

Collect 5 liters of fresh RAS and aerate
vigorously for 15 minutes.

Prepare glass fiber filter [same type used for
TSS analysis (APHA, 1995) by rinsing two 50
ml volumes of high purity water through the
filter.

Filter sufficient volume of RAS for two acute
or chronic toxicity tests.

Centrifuge a portion of the RAS filtrate at
10,000 xg for 10 to 15 minutes. Alternatively,
filter RAS filtrate through a 0.2 pm pore-size
filter if blank tests show that the filter does not
remove soluble toxicity or add artificial
toxicity (see Section 5).

Test RAS filtrate and RAS centrate/fine
filtrate for acute toxicity using procedures
described by USEPA (1991a, 1991b) or for
chronic toxicity using limited-scale methods
provided by USEPA (1992a, 1992b, 1992c,
1995, 1996).

Repeat above steps on several RAS samples
to characterize variability over time.

If RAS filtrate is more toxic than the RAS
centrate/fine filtrate, obtaimon-toxic biomass
(e.g., another POTW biomass or a
freeze-dried preparation) (see Section 5).

C. RTA Reactor Calibration Testing?

Calibration tests are performed to select the RTA test
operating conditions that most closely simulate the
POTW operation and performance.

Positive pressure filtering is recommended. Chronic

toxicity measurement will require larger filtrate
volumes than acute tests.

RTA calibration is recommended. If resources are

limited, POTW staff may select test conditions that
reflect POTW operating conditions. However, RTA
reactor performance should be compared to POTW
performance to ensure that the RTA procedure
effectively simulates the POTW processes.
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VborVvnb(L)=

1. As described in Section 5, estimate MLVSS

concentration for RTA batch tests using
mathematical models (Grady and Lim, 1980;
Kornegay, 1970). Alternatively, use the
average MLVSS concentration for the POTW.

Select a series of MLVSS concentrations
(e.g., four) that includes the model MLVSS
concentration. Calculate the volumes of RAS
(Vr) needed to vyield the MVLSS
concentrations in the batch reactors. If the
RAS was found to be toxic (i.e., RAS filtrate
is more toxic than RAS centrate in step B-5
above), also select appropriate volumes of
non-toxic biomass (Vnb). An equation for
calculating Vb and Vnb is:

TargetMLVSS (mg/L),

vr(L),
RAS VSS(mg/L)

where: Vr is the reactor test volume.

Add each RAS volume (Vb and Vnb, if
needed) to pre-cleaned glass or clear plastic
containers. Add diffused air using air stones
and gently aerate. Note that it may be
necessary to filter the air supply to prevent
contamination (e.g., compressor oil) of the
reactor mixed liquors.

Add primary effluent (Vpe) to each reactor
containing Vb and Vnb. Vpe can be
calculated using the following equation:

Vpe=(Vr-Vb).

Adjust aeration rate to maintain DO at

concentrations typically observed in POTW

activated sludge process. Mechanical mixing
using a magnetic stirrer and teflon-coated stir
bars may be required to ensure complete
mixing. Periodically check and adjust DO

level.

Periodically check the batch reactor pH.
Adjust pH to 69 range, if necessary.

Periodically collect 50100 ml samples of
batch reactor mixed liquor from each reactor
(e.g., 1- to 2-hour intervals).

Allow mixed liquor samples to settle for 15
minutes. Rinse glass fiber filters as stated in



10.

11.

12.

13.

14.

D. Sample Collection

step B-2 above. Filter each mixed liquor 2. Obtain 24-hour, flow-proportioned composite

supernatant using separate filters. samples of sewer wastewater (i.e., sewer line
wastewater or indirect discharger effluent)

Stop aeration after the required reaction and POTW primary effluent. If possible, lag

period, allow the Vb (and Vnb) to settle for 15 collection of the primary effluent sample by

minutes, and filter the clarified batch effluents the estimated travel time of the sewer

as described in step C-8. wastewater to the POTW.

Analyze filtered batch mixed liquor and 3. Collect 10 liters of RAS (and non-toxic

effluent samples to determine COD removal biomass, if needed) on day of test.

over time.

E. Sample Characterization (performed on
Decant additional clarified batch effluent for  day of sample collection)
toxicity analysis. Filter each batch effluent sample characterization data are collected to set the
using rinsed filters. Wash filter apparatus operating conditions for the RTA.
between each sample filtration using high-
purity water. 1. Analyze sewer wastewater for BQITOD,
. ) ) TSS, TKN, TP, NN, and pH.
Batch filtrates that were treated with toxic
biomass (Vb) must be centrifuged at 10,000 3 prepare glass fiber filter as stated in step B-2.

xg for 10 to 15 minutes to remove colloidal Filter RAS and test filtrate for acute or
size particles. Viscous mixtures may require chronic toxicity using the procedures
faster or longer centrifugation (ASM, 1981). referenced in step B%.

Alternatively, the batch filtrates may be

filtler does not remove soluble toxicity (see wastewater in POTW influent based on flow
Section 5. Filter blank analysestwuld be data gathered in the wastewater profile (step
performed for each filter type using high- A above).

purity water.

F. Preparation of RTA Test Mixtures

Two types of batch reactors are prepared: one
consisting of the POTW influent (primary effluent) and

RAS, which serves as a control, and another consisting
I Qf the sewer wastewater spiked into the POTW influent
Calibration test results can be used to selectéalnd RAS
batch MLVSS concentration that achieves a '
level of COD and toxicity removal similar to

that provided by the POTW activated sludge

process (see Section 5).

Analyze the batch effluent filtrates, centrates
and filter blanks for acute or chronic toxicity
using the procedures referenced in step B-5.

1. Calculate the volume of sewer wastewater
(Vw) based on the sewer wastewater flow and
the desired flow concentration factor (Fw).
Information on selecting an appropriate Fw is
presented in Section 5. Vw can be calculated

Representative samples are collected from each waste using the following equation:
stream to be tested in the RTA.

1.

W
Upon completion of the RTA calibration, tests Vw(L) = % x(Vr-Vb)xFw,
can be conducted to evaluate the refractory
toxicity of sewer wastewaters.

Positive pressure filtering is recommended. Also,' Positive pressure filtering is recommended. Also,

chronic toxicity measurement will require larger chronic toxicity measurement will require larger
filtrate volumes than acute toxicity tests. filtrate volumes than toxicity tests.
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3.

4.

BOD,, TKN,or TP (C, mg/L

5.

6.

7.

where: Qw is the sewer wastewater flow rate
(mgd).
Qi is the average POTW influent
flow rate (mgd).
Fw is the sewer wastewater flow
concentration factor (e.g., 1, 2, 10
times the sewer wastewater flow).

Add each RAS volume (Vb and Vnb, if
needed) to pre-cleaned glass or clear plastic
containers.

Add spiked batch influent and control batch
influent to reactors containing Vb (and
reactors containing Vnb, if needed).

_ G. Performance of RTA Tests
2. Calculate the volume of primary effluent The spiked batch reactor influent and control batch

(Vpe) using the following equation:

reactor influent are treated and the resulting effluents

are tested for toxicity.

Vpe=(Vr-Vb -Vw).

Prepare spiked batch reactor influent by
mixing Vw with Vpe and measure Vpe for
control batch reactor influent.

If necessary, add nutrients to adjust the
BOD,/TKN/TP ratio of the spiked batch
influent to equal the average BQIDKN/TP
ratio of the POTW influent (or 100:5:1). An
equation for calculating BODTKN, and TP
concentrations in the spiked batch influent is:

F (VpexCpe) (Vwx Cw)
(Vpe+Vw) '

where: Cpe is the BODor nutrient concen-
tration in primary effluent (mg/L).
Cw is the BODR or nutrient concen-
tration in sewer wastewater (mg/L).

If necessary, adjust pH of batch influents to
pH range for POTW influent.

Test sample toxicity (using methods
referenced in step B-5) after nutrient addition
and pH adjustment to determine if the batch
influent toxicity is changed by these steps.

Select volume of RAS (Vb) to yield the
MVLSS concentration determined in
calibration testing (step C above). If RAS is
toxic (i.e., RAS filtrate is more toxic than
RAS centrate), also select appropriate volume
of non-toxic biomass (Vnb). The equation for
calculating Vb and Vnb is provided in step
C-2.
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1.

Test Period (days)

Add diffused air to reactors using air stones
and gently aerate. Note that it may be
necessary to filter the aiugply to prevent
contamination (e.g., compressor oil) of the
reactor mixed liquors.

Adjust aeration rate to maintain DO at
concentrations typically observed in the
POTW activated sludge process. Mechanical
mixing may be required to ensure complete
mixing. Periodically check and adjust the DO
level.

Periodically check the batch reactor pH and
adjust to pH 6-9 range, if necessary.

The treatment period for the control reactor
should be equal to the average HRT of the
POTW aeration system. For the spiked
reactor, calculate the required reaction period
necessary to achieve a batch F/M ratio (F/Mb)
equal to the nominal F/M ratio determined in

calibration testing (step C above). F/Mb can
be calculated using the following equation:

Batch Influent COD (mg/L)
(MLVSS (mg/L)xF/Mb

where: F/Mb is equal to the calculated F/M
of the control (primary effluent)
reactor.

F/IMb = CODpe/(MLVSS x test
period, days).



5. Stop aeration after the required reaction|,

Inhibition Testing (Optional)

period and allow the Vb (and Vnb) to settle The RTA protocol can be used to evaluate the

for 1 hour.
supernatant for toxicity analysis. Filter each
batch supernatant using rinsed filtérgvash
filter apparatus between each sample filtration
using high-purity water.

Batch filtrates that were treated with toxic
biomass (Vb) must be centrifuged at 10,000
xg for 10 to 15 minutes to remove colloidal
size particles (ASM, 1981). Alternatively, the
batch filtrates may be filtered through a 0.2
pum pore size filter if the filter does not
remove soluble toxicity (see Section 5).
Filter blank analyses should be performed for
each filter type using high-purity water.

Analyze the batch filtrates, centrates, and
filter blanks for acute or chronic toxicity using

the procedures referenced in step B-5 above.

H. Synthetic Wastewater Testing (Optional)

Synthetic wastewater can be used in lieu of POTW

influent (primary effluent) in the RTA to determine the
toxicity of the sewer wastewater.

1.

Select non-toxic synthetic wastewater.
Confirm that the synthetic wastewater is
non-toxic using toxicity test procedures
referenced in step B-5 above.

Prepare synthetic wastewater solution with
SCOD concentration equal to the average
SCOD of the POTW primary effluent.

Prepare volume of synthetic wastewater
(Vsw) equal to the volume of primary effluent
(Vpe) used above for the sewer
wastewater/primary effluent batch test.

Add Vw and Vsw to a reactor containing Vb
(and a reactor containing Vnb, if needed).

After batch treatment, analyze batch effluent
toxicity as described in step G above.

> Positive pressure filtering is recommended. Also,
chronic toxicity measurement will require larger
filtrate volumes than acute toxicity tests.
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Decant the clarified batch jnnipitory potential of the sewer wastewater.

1. Add equal volumes of Vb to four reactors.

Add diffused air and gently aerate.

Prepare a series of four sewer wastewater
concentrations (e.g., 100, 50, 86d12.5%
wastewater) by adding sewer wastewater to
toxicity test dilution water (freshwater).

If necessary, add nutrients to adjust batch
influent BOD,/TKN/TP ratio.

Add sewer wastewater volumes (e.g., Vw100,
Vw50, Vw25 and Vw12.5) to the reactors.

Adjust aeration rate to maintain DO at
concentrations typically observed in the
POTW activated sludge process. Mechanical
mixing may be necessary to ensure complete
mixing. Periodically check and adjust DO
level.

Periodically check the batch reactor pH and
adjust to pH 6-9 range, if necessary.

Subsample 300 ml from each reactor at 30
minutes and every 2 hours following test
initiation.  Immediately measure oxygen

utilization using the BOD bottle method

(APHA, 1995). Return the subsamples to the
reactors immediately following oxygen

utilization measurement. Alternatively,

oxygen utilization can be measured using
respirometric techniques.

Subsample 50 ml from each reactor at 5
minutes and every 2 hours following test

initiation, and at completion of the test. Also,

subsample 50 ml of the original undiluted

RAS. Filter the subsamples through a 0.45
pm pore-size filter and measure the SCOD of
the filtrates.

Calculate oxygen and COD utilization rates,
as described in Section 5 of this manual, and
plot rates versus sewer wastewater
concentration. Lower oxygen and COD

removal rates with increasing wastewater
concentration may indicate inhibition.



J. Phase | Toxicity Characterization (Optional) the Water Environment FederatiorChicago,

lllinois. Paper # AC944404.
1. TIE Phase | tests may be conducted on RTA

test effluents using indirect discharger Collins, M.A., T.L. Morris, J.A. Botts, T. Norberg-
wastewater spiked into primary effluent. King, J. Thompson, and D.l. Mount. 1991.
Additional volumes are required for TIE Chronic Toxicity Reduction Evaluation at the
Phase | testing; therefore, the batch reactor Bergen County Utilities Authority Wastewater
volume will need to be increased accordingly ~ Treatment PlantDraft Report. USEPA, Risk
(USEPA 1991a, 1992a, 1996). Reduction Engineering Laboratory, Cincinnati,

Ohio. USEPA Contract No. 68-03-3431.
2. TIE Phase | tests should be performed on

effluent filtrates from RTA tests that use DiGiano, F. 1988. Case History: Toxicity Reduction
non-toxic POTW biomass. Evaluation at High Point, North Carolina.
Virginia Water Pollution Control Association

Wastewater Toxics Management Semjnar
November 3, 1988, Richmond, Virginia.
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