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FOREWORD

The U. S. Environmental Protection Agency was created because of increas-
ing public and government concern about the dangers of pollution to the
health and welfare of the American people. Noxious air, foul water, and
spoiled land are tragic testimonies to the deterioration of our natural
environment. The complexity of that environment and the interplay of its
components require a concentrated and integrated attack on the problem.

Research and development is that necessary first step in problem solution;
it involves defining the problem, measuring its impact, and searching for
solutions. The Municipal Environmental Research Laboratory develops new and
improved technology and systems to prevent, treat, and manage wastewater and
solid and hazardous waste pollutant discharges from municipal and community
sources, to preserve and treat public drinking water supplies, and to mini-
mize the adverse economic, social, health, and aesthetic effects of pollution.
This publication is one of the products of that research and provides a most
vital communications link between the researcher and the user community.

This study was concerned with comparing the disinfection efficiencies of
various wastewater chlorination systems against an optimized system, and
evaluating the toxicities of the resulting effluents. Knowledge of criteria
which will successfully optimize chlorination systems will benefit both the
discharger by reduced chemical costs (chlorine and sulfur dioxide) and
improved efficiency, and man and his environment by adequate disinfection
for the proper control of disease transmission and continued preservation
and propagation of fish and wildlife. This investigation has greatly
contributed in the quest for these goals.

Francis T. Mayo, Director
Municipal Environmental Research
Laboratory
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ABSTRACT

The California Department of Health Services in cooperation with the
California Department of Fish and Game developed and implemented a chlorine
optimization study which investigated several design criteria that may
improve the efficiency of wastewater chlorination systems and hence, provide
adequate disinfection without excessive chlorination and toxicity. The
study was conducted on-site at eight wastewater treatment plants in northern
California. Two mobile units were constructed for the project: a pilot
chlorination plant and a mobile toxicity testing and water quality laboratory.
They were operated by the Department of Health Services and the Department of
Fish and Game, respectively. The pilot chlorination plant tested several
optimized chlorination design criteria against existing wastewater treatment
plant chlorination systems. The mobile laboratory evaluated the toxicity of
the optimized and existing chlorinated effluents.

The toxicity associated with the existing unchlorinated and dechlori-
nated effluents increased with un-ionized ammonia concentrations. Most of
the toxicity associated with the unchlorinated and dechlorinated effluents,
however, was the result of an artificial increase in pH created by a toxicity
test design problem. The optimized chlorinated effluents, with one exception,
had lower and more stable chlorine residuals than did the existing chlori-
nated effluents and hence, were generally less toxic. The toxicity of all
effluents investigated increased proportionately with increased chlorine
residual.

This report was submitted in fulfillment of Grant Number S803459 by the
California Department of Fish and Game under the sponsorship of the Environ-
mental Protection Agency. Work was completed in September 1979.
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SECTION 1

INTRODUCTION

The practice of treating wastewater effluents with chlorine continues
to be used for the control of pathenogenic organisms. A dilemma is created
when chlorinated effluents are discharged into the environment since they
represent a hazard to aquatic organisms. Numerous studies have defined the
toxicity of chlorinated wastewaters to fish and other aquatic organisms
(Zillich 1972; Brungs 1973; 1976; Arthur et al. 1975; Mattice and Zittel
1976; Ward et al. 1976; Finlayson and Hinkelman 1977). However, no studies
have attempted to improve the situation by optimizing the amount of chlorine
needed for disinfection, thus making the effluents less toxic.

The California Department of Fish and Game (DFG) has many times wit-
nessed the inefficient and excessive application of chlorine to wastewater
effluents at wastewater treatment plants (WIP) in California. Effluents
with chlorine residuals in excess of 10 mg/L (total residual chlorine) have
been observed entering the State's receiving waters (Finlayson 1977). These
excessive residuals are over 1,000 times the recommended ™safe™ level (3 to 5
ug/L TRC) for chlorine (DeGraeve et al. 1978). Usually, excessive chlorine
residuals are the result of either improper chlorine application or an
ineffective residual chlorine control system or both. Because of this need
to optimize wastewater chlorination systems, DFG welcomed the opportunity to
participate in a chlorination optimization study. The results of such a
study will help to minimize chlorine usage, chlorine residuals, and use of
other chemicals such as sulfur dioxide in dechlorination.

The purpose of this study was to evaluate the influence and importance
of three chlorine application optimization design criteria on wastewater
chlorination systems. These design criteria which were developed by the
California Department of Health Services (DOH) are:

1) a rapid and complete initial mixing between chlorine and waste;

2) a 30-min minimum contact time in a well designed tank between the
chlorine and waste; and

3) a sound and workable chlorine residual control system.

Two mobile units were developed for the project. The DOH unit was a
pilot chlorination plant designed to test chlorine application optimization
criteria against existing WIP chlorination systems at selected sites (Sepp
and Bao 1980). The DFG unit was developed to test and document the compara-
tive toxicities between optimized and existing chlorinated effluents of WTP
which employ different disinfection system designs. The purpose was to
evaluate the influence and importance of various design factors which are

1



capable of minimizing toxicity. The DFG field laboratory was designed

specifically to simultaneously monitor toxicity and quality of three effluent
types:

1) existing WIP unchlorinated (UnCl) effluents;
2) existing WIP chlorinated (ECl) effluents; and
3) DOH optimized pilot plant chlorinated (DOHCLl) effluents.

The analyses of the data in this paper are intended to demonstrate:

1) the differences between chlorine residuals in optimized and
existing chlorinated effluents;

2) the differences between toxicities of optimized and existing
chlorinated effluents;

3) the differences between toxicities of chlorine in ammoniated
and ammonia-stripped (nitrified) effluents;

4) the toxicity of unchlorinated and dechlorinated effluents;
and

5) the toxicity of chlorine to the two test fish; fathead minnow,
Pimephales promelas, and golden shiner, Notemigonus crysoleucas.
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SECTION 2

CONCLUSIONS

The optimized pilot plant employed by the California Department of
Health Services produced lower and more stable total chlorine
residuals (TRC) in wastewaters than existing full-scale chlorination
systems.

These; lower and more stable pilot plant wastewater chlorine
residuals represent an average of 49.7% reduction in TRC below
that of existing effluents.

These lower and more stable pilot plant wastewater TRC caused an
average of 42.9% reduction in acute toxicity below that of existing
effluents.

This reduction of TRC and toxicity in the optimized chlorinated
effluents was much less noticeable in nitrified effluents.

Chlorine was the most toxic constituent of the effluents tested.

The toxicity [percent (%) effluent concentration] of chlorinated
effluents was predictable based on mean TRC concentration of the
undiluted wastewater.

Dechlorination of chlorinated effluents with sulfur dioxide removes
all acute toxicity associated with chlorine.

The toxicity associated with the unchlorinated and dechlorinated
effluents increased with increased un-ionized ammonia concentrations.

Most of the un-ionized ammonia toxicity associated with the
unchlorinated and dechlorinated effluents was caused by an artificial
increase in pH (0.5 pH units) in the toxicity testing aquaria.
Un-ionized ammonia concentrations in the 100% effluent aquaria were
144% higher than in the undiluted waste streams. The increase in pH
is a toxicity test design problem caused by aeration and partial
confinement of the effluent during the test.

Nitrification of wastewaters prior to chlorination under some
circumstances can reduce the toxicity of TRC.

Fathead minnows were significantly more sensitive (23.6 percent) to
TRC than were golden shiners.



SECTION 3

RECOMMENDATIONS

The optimized design criteria effect significant savings in the
amount of chlorine applied during the disinfection of wastewaters
and result in less toxic effluents. Hence, they should be consid-
ered in designing chlorination systems.

Nitrification of wastewaters, because it can reduce the toxicity
of TRC and eliminate un-ionized ammonia toxicity, should perhaps
be considered as a beneficial treatment process for wastewaters.

Because of artificial pH increases during effluent toxicity tests,
the following test designs should be used in this order of
preference: (1) continuous-flow (flow-through); (2) continual-flow
(intermittent-flow); and (3) static.

Dechlorination of wastewater effluents should be practiced to remove
all toxicity associated with chlorine.



SECTION 4

MATERIALS AND METHODS

PROJECT SCHEDULE

Both the DFG mobile laboratory and DOH pilot plant were operated at
eight wastewater treatment plants in northern California (Figure 1)
between February 1978 and May 1979 (Table 1). We collected comparative
toxicity and water quality data between optimized and existing chlorinated
effluents for seven of the eight plants; the DOH pilot plant was not func-
tioning correctly at the San Leandro WIP (Sepp and Bao 1980).

MOBILE LABORATORY

The toxicity testing and water quality monitoring were performed in a
mobile field laboratory, an 8 x 4 by 2.7 m trailer (Figure 2). The labora-
tory was transported by a 910 kg (l-ton) stakeside truck. The material cost
of the mobile laboratory was approximately $30,000.

The mobile laboratory is functionally segregated into three separate
areas (Figure 3):

1) water control room;
2) toxicity testing room; and
3) laboratory.

The water control room receives up to three wastes as well as the
dilution water for the toxicity tests. All plumbing in the trailer was
constructed of SCH 40 and 80 polyvinyl-chloride (PVC) pipe. Equipment in
this room includes a chiller, heat exchangers, and an air pump. There are
four heat exchangers, one for each of the wastes and one for the dilution
water. The heat exchangers were available to. lower the temperatures of
wastes and incoming water. They were constructed of 10.2-cm and 15.2-cm
diameter (100-cm and 250-cm long) PVC pipe with stainless steel tubing
(6-mm ©.D. x 3-mm I.D.) coils inside. The heat exchangers work on the
principle of heat transfer from the waste and water streams to chilled
ethylene glycol inside the stainless tubing. Temperatures are lowered as
the waste and water streams flow through the PVC pipes. The chilled
ethylene glycol was supplied from a 2700 kg (3-ton) 58,000 kj (@ 29°C),
air cooled, water chiller.

The toxicity testing room contains three Mount and Brungs (1967) propor-

tional diluters and thirty-six, 10-L, over-flowing aquaria for three
continual~flow toxicity tests. Predilution systems upstream of the diluters
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Table 1. SCHEDULE FOR TOXICITY TESTING OF DEPARTMENT OF HEALTH SERVICES CHLORINATED (DOHCl), AND
EXISTING UNCHLORINATED (UnCl), CHLORINATED (ECl), AND DECHLORINATED (DeCl) EFFLUENTS AT
VARIOUS WASTEWATER TREATMENT PALNTS (WTP) IN CALIFORNIA DURING THE PERIOD OF FEBRUARY 1978

THROUGH MAY 1979.

Plant_outflow

WTP Date begin Effluent type Test species™ Test series (m3/d)
San Leandro 12-11-78 UnCl & EC1 FH 23,694
27-II-78 UnCl & ECL FH 23,126
San Pablo 10-1Iv-78 UnCl, ECl, & DOHC1 FH 26,722
17-1v-78 UnCl, ECl, & DeCl FH 26,911
24-IV-78 UnCl, ECl, & DOHCL FH 27,858
Pinole 12-VI-78 UnCl, ECl, & DOHCL FH 4,163
19-VI-78 UnCl, ECl, & DeCl Gs 4,126
26-VI-78 UnCl, ECl, & DOHC GS 4,050
8-VII-78 ECl FH 4,126
South 14-VIII-78 EC1 FH & GS 30,658
San Francisco 28-VIII-78 UnCl, ECl, & DOHCl FH 29,901
11-IX-78 UnCl, ECL, & DOHCL GS 30,658
Sacramento 2-X-78 UnCl, ECl, & DOHC1 GS 64,534
Northeast 10-X-78 UnCl, ECl, & DeCl GS 64,459
16-X-78 UnCl, ECl, & DOHCL GS 64,875
Roseville 13-XI-78 UnCl, EClL, & DOHCL GS 15,291
27-X1-78 UnGCl, ECl, & DOHCL GS 14,761
Dublin/ 9-IV-79 UnCl, ECLl, & DOHCL GS 12,301
San Ramon 23-1v-79 UnCl, ECl, & DOHCL GS 13,702
Ross Valley 14-V-79 UnCl, ECl, & DOHCL GS 17,449
21-V-79 UnCl, ECl, & DOHCL GS 16,199

a/ FH = Fathead minnow, Pimephales promelas.

B/ GS

Golden shiner, Notemigonus crysoleucas.




Figure 2. The California Department of Fish and Game mobile toxicity and water
quality laboratory.
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have the capacity to dilute the waste to a maximum of 5% of the original
strength. The proportional diluters and aquaria were constructed of 6.3-mm
thick clear plexiglass. An air conditioner, a waste and dilution water
delivery system, and an automatic water quality monitor system are also
present. The monitor cyclically records pH, temperature, dissolved oxygen,
and conductivity of each undiluted waste stream. The cycle can be adjusted
from 30 min to 12 h. The automatic water quality monitor has 4 flow-through
reservoirs; one contained the multiparameter probe (measuring unit) and one
for each of the three wastes.

The laboratory houses the electronic controls for the proportional
diluters and the water quality monitor as well as the various instruments
needed for the chemical and physical monitoring of the toxicity testing
aquaria. The control unit of the water quality monitor, in addition to
recording the four water quality parameters on paper and cassette tapes,
records a code for each waste as well as the time-of-day.

The mobile laboratory operates on 240/120 VAC electrical current which
can be supplied from two sources. Generally, a 3P 480 VAC source was obtain-
ed from the WIP and connected to the trailer. The 1P of the 3P supply was
converted to 1P 240/120 VAC through a 1P 480/240 VAC transformer located
underneath the trailer. A 1P 240 VAC portable, diesel-powered alternator
was also available to provide electricity.

Water and waste flow through the mobile laboratory is schematically
diagramed (Figure 4). Nylon garden hoses connected to submersible pumps
supplied wastes to the trailer. Pressurized, dechlorinated tap water from
the WIP was used as the dilution water source in the toxicity tests.
Complete mineral and metal analyses were conducted for all the dilution
water supplies using standard methods (American Public Health Association
1975). The results of the dilution water analyses are presented in
Appendix B-1l. Dechlorination of tap water was accomplished by passing the
water through activated charcoal inside the large (dilution water) heat
exchanger. The flows of the wastes and dilution water in the mobile labora-
tory were controlled by a series of PVC ball valves (which functioned as
shunts) located downstream of the heat exchangers. In addition to supplying
the proportional diluters, proportions of the waste streams were diverted to
the water quality monitor.

TOXICITY TESTING METHODS

Standard 96-h continual-flow toxicity tests (Peltier 1978) were used

to evaluate toxicities of the various effluents. Fathead minnows, Pimephales
romelas, and golden shiners, Notemigonus crysoleucas, were used as test
organisms. The fish were obtained commercially from Golden State Fisheriesg*
and acclimated for at least.one week at the DFG Water Pollution Control
Laboratory before being used as test organisms. The test fish were further
acclimated to the dilution water at each WIP for 24 h prior to testing.
All fish were between 30 and 51 mm fork length (length from tip of snout

to notch in tail fin).

% Address: 12001 S. Carrolton Road, Escalon, CA 95320.
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The proportional diluters supplied five continual waste concentrations
in a geometric series of dilutions (100, 56, 32, 18, 10%) and a control
(100% dilution water) to the testing aquaria. The volume of each aquarium
was exchanged every 2.5 h. All waste concentrations and the control were
tested in replicate. Fifteen fish were exposed in each replicate (30 fish
in total per concentration). Adequate dissolved oxygen was supplied to the
test aquaria by aeration, and the temperature of the aquaria was controlled
by overhead air conditioning. The heat exchangers did not have to be used

for temperature control.

Several chemical and physical parameters were manually measured using
standard methods in each aquarium every 6 h during the tests. Dissolved
oxygen and temperature were measured with a dissolved oxygen meter and
probe, and pH was determined using an expanded-scale meter and combination
electrode. Total residual chlorine was determined with an amperometric
titrator using Method C (APHA 1975). Total ammonia (NH4+ + NH 3) was
determined with a specific-ion meter and ammonia gas-sensing electrode;
un-ionized ammonia was determined from the equation:

(1) M, = f(NHZ+ NH,)

where £ = 1/(10P%2PH 4 1), pka = 0.0901821 + 2729.92/T, and T = test
temperature (C) + 273.16.

During the tests, total residual chlorine and total ammonia were
manually determined at 2-h intervals in each undiluted waste stream along
with the automatically monitored levels of dissolved oxygen, pH, temperature,
and conductivity.

DATA ANALYSIS

Manually collected toxicity and effluent quality data were transcribed
onto computer cards from data sheets, edited, and analyzed in ALGOL® by a
Burroughs® 6700 computer. The electronically collected effluent quality
data of the undiluted waste streams were transcribed onto a 7-track tape
from the cassette tape and analyzed in a similar manner. Standard statistics
of mean and standard deviation were calculated for all effluent quality data.

Fish mortality was determined every 24 h during the 96-h test. If
less than 85% survival occurred in the controls during a test, the entire
test was considered invalid and no mortalities were calculated. To evaluate
the toxicities of all effluents, we calculated a 96-h LC50 using log-logit
(effluent and TRC concentrations vs. mortality) analysis (Finley 1971) or
noted the percent mortality at the highest concentration tested. The
mortality estimates used in the log-logit analysis were first adjusted for
control mortality using the equation:

(2)m = (1 -8 /s) 100
X C

where m is percent mortality, S_ is the survival in waste concentration <
and Sc is the survival in the controls. ’
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Statistically significant (p ¢{ 0.05) differences among mean chlorine
residuals, effluent toxicities, and other chemical parameters were determined
by subjecting the data groups to two-tailed t-tests (Sokal and Rohlf 1969).
Significant correlations (p < 0.05) between the toxicity (% effluent) and
the mean chlorine residuals of the chlorinated effluents (mg/L TRC)

were calculated using linear regressions by the method of least squares
(Sokal and Rohlf 1969).
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SECTION 5
RESULTS
Fifty-nine toxicity tests in replicate were done at eight wastewater
treatment plants on unchlorinated, chlorinated, and dechlorinated effluents.
Generally, little or no mortality was associated with the unchlorinated and

dechlorinated effluents, and the toxicity of the chlorinated effluents
increased with increased chlorine residual (Table 2).

EFFLUENT TOXICITY AND QUALITY

San Leandro WTP

The undiluted, UnCl (Series SL-1 and SL-3) effluents were not acutely
toxic to fathead minnows even though un-ionized ammonia concentrations were
as high as 428 ug/L NH, (Table 2). There was no DOHCl effluent available
for toxicity testing. “The ECl effluents produced a 96-h LC50 to fathead
minnows of 1.8 and 3.8% effluent concentration during the first (Series SL-2)
and second (Series SL-4) weeks of testing, respectively. The mean test
chlorine residuals in the ECL effluents during the two weeks were 9.47 and
6.24 mg/L TRC, respectively (Table 3). Effluent toxicity and quality data
for the toxicity tests are presented in Appendix B-2.

San Pablo WTP

The undiluted, UnCl (Series SP-1, SP-4, and SP-7) and DeCl (Series SP-6)
effluents were not acutely toxic to fathead minnows (Table 2). The undiluted
effluents had un-ionized ammonia concentrations <1.0 ug/L NH,. The 96-h
LC50 of the ECl (Series SP-2) effluent during the first week of comparative
testing was not determined while that of the DOHCl (Series SP-3) effluent
was 46.5% effluent concentration. During the second week of comparative
testing, the toxicity of the ECl (Series SP-8) effluent (96-h LC50 = 31.5%
effluent) was higher than the DOHCl (Series SP-9) effluent (96-h LC50 = 46.5%
effluent). The mean test chlorine residuals of the EClL effluents were 2.29
and 2.44 mg/L TRC while those of the DOHCl effluents were 2.16 and 2.14 mg/L
IRC for the first and second weeks of comparative testing, respectively
(Table 3). The mean TRC of the ECl effluent was not significantly higher
than that of the DOHCl effluent during the first week of comparative testing
but was significantly higher during the second week of comparative testing
(Table 4). The DOHCL effluent was less variable in TRC than the ECL during
both the first (Figure 5) and second weeks (Figure 6) of comparative testing.
The effluent toxicity and quality toxicity tests are presented in Appendix

B-3.
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Table 2. CONTINUAL-FLOW TOXICITY TESTING LEVELS FOR DEPARTMENT OF HEALTH SERVICES CHLORINATED (DOHCL),
AND EXISTING UNCHLORINATED (UnCl), CHLORINATED (ECl), AND DECHLORINATED (DeCl) EFFLUENTS AT
WASTEWATER TREATMENT PLANTS (WTP) IN CALIFORNIA FROM FEBRUARY 1978 THROUGH MAY 1979.

Undiluted 96-h LC50
unchlorinated effluents chlorinated effluents
Test Test af Effluent Mortality NH3 Effluent conc. IRC NH3
WTP series  species type (%) (ug/L) (%) (mg/L)  (ug/L)

San Leandro SL-1 FH UnCl 00.0 325 - - -
SL-4 FH EC1 - 3.8 0.18 14

San Pablo SP-1 FH UncCl 00.0 <1 —
SpP-2 FH EC1 - - - - - - - - - ND ND ND
SP-3 FH DOHC1 - - - 46.5 0.45 <1
SP-4 FH UnCl 00.0 <1 - - -
SP-5 FH ECl - - 38.1 0.43 <1
SP-6 FH DeCl 00.0 <1 - - -
SP-7 FH UnCl 00.0 <1l - -
SP-8 FH EC1 31.5 0.48 <1
SP-9 FH DOHC1 - o e e 46.5 0.60 <]

N PinO].e P-]. FH UnCl 10.5 133 - - - - - - - . - -

P-2 FH EC1 ome - - ND ND ND
P-3 FH DOHC1 - - - 4.2 0.07 13
P-4 GS UnCl 00.0 193 mmenee——— ;
P-5 GS EC1 - —— 5.0 0.10 13
P-6 GS DeCl 12.5 60 0 e e Py
P-7 GS UnCl 00.0 115 S —
P-8 GS EC1 = o o o e w2 o o 2 4.8 0.15 11
P-9 GS DOHC1 - 12.2 0.16 19
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Table 2. (Continued)

Undiluted ‘ 96-h LC50
unchlorinated effluents chlorinated effluents
Test Testﬁl Effluent Mortality NH3 Effluent conc, TRC NH3
WTP series species type (%) (ug/L) (%) (mg/L) (ng/L)
Pinole P-10 GS ECl 5.8 0.21 17
(Cont.) P-11 FH EC1 - 5.2 0.15 21
South SSF-1 FH EC1 7.6 0.11 45
San Francisco SSF-2 GS ECl . 8.1 0.16 42
BSF-4 FH UnCl 40.0 615
SSF-5 FH ECl1 ; 11.8 0.07 52
SSF-6 FH DOHC1 4.7 0.10 32
SSF-7 GS UnCl 80.0 846
SSF-8 GS EC1 5.0 0.19 53
SSF-9 GS DOHC1 ‘- 7.4 0.17 60
Sacramento SN-1 GS UnCl 33.3 411
Northeast SN-2 GS ECL 3.5 0.10 18
SN-4 GS UnCl 6.7 600
SN-5 GS EC1 4.7 0.15 20
SN-6 GS DeCl 3.3 148
SN-7 GS UnCl 16.6 721
SN-8 GS EC1 4,2 0.13 33
SN-9 GS DOHCL 10.7 0.09 69
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Table 2. (Continued)

Undiluted 96-h LC50
unchlorinated effluents chlorinated effluents
Test Test Effluent Mortality NH Effluent conc. TRC NH3
WTP series  species type (%) (ug?L) (%) (mg/L) (ug/L)

Roseville R-1 Gs UnCl 00.0 197 -

R-2 GS EC1 6.4 0.18 15

R-3 GS DOHC1 ’ 12.9 0.17 19

R-4 GS UnCl 00.0 147 -

R-5 GS EC1 - 4.6 0.17 4

R-6 GS DOHCL 10.6 0.12 7
Dublin/ DSR-1 GS UnCl. 00.0 - s 0 0 (2 e s e
San Ramon DSR-2 GS ECl : 1.6 0.17 -

DSR-3 GS DOHC1 1.4 0.09 -

DSR-4 GS UnCl 00.0 - , -

DSR-6 GS DOHC1 2.2 0.11 -
Ross Valley RV-1 GS UnCl 3.3 440

RV-2 GS EC1 2.9 0.16 9

RV-3 GS DOHC1 5.1 0.11 15

RV-4 GS UnCl 6.7 540 ———

RV-5 GS EC1 3.1 0.15 14

a/ FH = Fathead minnow, Pimephales promelas
GS = Golden shiner, Notemigonus crysoleucas
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Table 3. SUMMARY OF MEAN TOTAL RESIDUAL CHLORINE (TRC), AMMONIA, pH, AND TEMPERATURE IN THE UNDILUTED

DEPARTMENT OF HEALTH SERVICES CHLORINATED (DOHCl), AND EXISTING UNCHLORINATED (UnCl),

CHLORINATED (ECl), AND DECHLORINATED (DeCl) EFFLUENTS AT WASTEWATER TREATMENT PLANTS (WTP)
IN CALIFORNIA FROM FEBRUARY 1978 THROUGH MAY 1979.

Te§t Effluent TRC residual Total ammonia Temperature Un-ionized
WIP series type (mg/L) (mg/L) pH (°c) ammonia (ug/L)
San Leandro  SL-1  UnCl 0.0040.002  14.344.3 7.240.1  19.740.5 78.3451.8
SL-2 EC1 9.47+2.41 12.8+4.5 7.340.4 13.7+1.8 74.3+423.5
) SL-3  UnGCl 0.00+0.00 18.0+3.6 6.840.0  21.3+1.0 18.9+13.8
SL-4 EC1 6.24+2.00 17.6+43.2 6.5+0.1 23.5+0.8 34.9+412.2
San Pablo Sp-1 UnCl 0.00+0.00 <0.140.0 6.8+0.1 20.0+40.3 <140
SP-2 EC1 2.2940.66 <0.1+0.0 6.8+0.1 20.0+40.8 <140
SP-3 DOHC1 2.16+0.29 <0.1+0.0 6.7+0.1 19.740.9 <l+0
SP-4 UnCl 0.00+0.00 <1.0+0.0 6.9+0.1 17.4+1.4 <140
SP-5 EC1 2.7140.47 <1.0+0.0 6.9+0.1 17.1+1.4 <140
SP-6 DeCl 0.00+0.00 <1.040.0 6.9+0.1 17.4+1.5 <140
Sp-7 UnCl 0.00+0.00 <1.040.0 6.840.1 20.140.5 <140
SP-8 ECL 2.44+40.31 <1.040.0 6.7+0.1 19.8+1.1 <140
SP-9 DOHC1 2.14+40.31 <1.0+0.0 6.6+0.1 19.0+1.1 <1+0
Pinole P-1 UnCl 0.00+0.00 15.7+4.1 6.740.1 23.3+1.1 41.3+14.8
pP-2 EC1 5.03+2.32 14.8+4.0 6.3+0.1 23.2+40.9 15.2+5.9
P-3 DOHCL 3.01+0.44 15.3+4.4 6.5+0.2 22.2+1.5 23.6+12.2
P-4 UnCl 0.00+0.00 23.5+7.8 6.9+0.1 23.541.0 96.8+29.9
P-5 ECL 4.42+42.16 22.946.5 6.5+0.1 23.540.8 40.2+13.9
P-6 DeCl 0.14+0.52 23.9+7.3 6.340.1 23.4+40.7 30.148.7
P-7 UnCl 0.00+0.00 19.2+8.1 6.940.1 23.040.4 97.9+50.4
P-8 EC1 8.00+4.16 19.2+8.4 6.3+0.1 22.040.4 27.2+414.2
P-9 DOHC1 2.62+0.36 19.4+47.7 6.7+0.2 21.840.7 56.9+30.1
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Table 3. (Continued)
Test Effluent TRC residual Total ammonia Temperature Un-ionized
WTP series type (mg/L) (mg/L) pH (°c) ammonia (ug/L)
P%nole P-10 & 11 ECl 4.39+2.19 24.2411.7 6.3+0.2 23.8+1.2 35.1+35.4
Cont.) i
South SSF-1 & 2 ECL 4.07+2.72 64.5+28.0 6.7440.28 24.6+1.8 246.5+224.3
San Francisco -
SSF-4  UnCl 0.00+0.00 42.1423.5 7.1540.13  24.540.6 340.64+222.6
SSF-5 EC1 1.50+1.42 45.4424.0 7.0240.14  24.2+1.0 283.0+192.5
SSF-6  DOHCL 4.27+1.67 39.9+20.9 6.91+0.15 22.6+1.2 178.4+130.7
SSF-7 UnCl 0.00+0.00 34.2411.0 7.16+0.15 24.9+0.7 291.4+139.6
SSF-8 ECL 4.51+3.78 34.4+10.3 6.93+0.16  24.3+1.2 259.3+140.1
SSF-9  DOHC1 3.50+1.55 34.7+14.3 6.97+0.12  23.4+1.2 188.6+140.6
Sacramento SN-1 UnCl 0.00+0.00 23.6+10.6 7.09+0.08  25.5+1.9 175.6+108.2
Northeast SN-2 EC1 7.63+1.25 25.6+10.2 6.9040.11  25.6+1.6 111.2+65.5
SN-3 DOHC1 3.7440.64 25.149.5 6.8940.11  24.7+1.3 116.5+70.2
SN-4 UnCl 0.00+0.00 22.6+2.2 7.1340.08  25.1+1.6 177.2443.8
SN-5 ECL 7.63+1.05 21.6+1.9 6.96+40.09  25.4+1.3 119.8+31.0
SN-6 DeCl 0.00+0.00 23.1+1.7 6.48+0.16  24.2+2.0 40.3+16.0
SN-7 UnCl 0.00+0.00 23.7+1.8 7.1540.03  24.2+1.4 182.6+39.1
SN-8 EC1 6.3740.79 22.442.0 7.0040.05 24.5+1.2 125.4+24.9
SN-9 DOHC1 2.16+0.46 23.3+1.9 7.0240.04  23.7+0.09 126.0+22.5
Roseville R-1 UnCl 0.00+0.00 17.8+1.9 6.9140.08 18.640.4 55.8+10.0
R-2 EC1 5.09+0.28 17.5+1.6 6.75+0.01  18.2+0.4 36.846.7
R-3 DOHCL 2.42+0.32 16.7+1.3 6.8140.08 17.3+0.6 37.74+6.4
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Table 3. (Continued)
Te§t Effluent TRC residual Total ammonia Temperature Un-ionized
WIP series type (mg/L) (mg/L) pH (°c) ammonia (ug/L)
Roseville R-4 UnCl 0.00+0.00 11.7+2.3 6.90+0.09 18.540.4 28.0+48.0
(Cont.) R-5 EC1 4.66+0.89 11.0+2.8 6.75+0.18 18.440.5 17.446.7
R-6 DOHCL 2.1940.40 11.1+42.7 6.73¢0.12 17.6+40.7 19.1+7.7
San Ramon DSR-2 ECl 13.08+4.61 - 6.89+0.13 19.2+1.0
DSR-3  DOHCL 6.12+1.48 - 6.82+0.13 19.8+0.4 -
DSR-5 ECL 11.18+2.88 - 6.87+0.12  20.3+0.8 -
DSR-6  DOHCl1 6.94+0.99 - 6.83+0.10 20.840.6 -
Ross Valley RV-1 UnCl 0.00+0.00 19.948.5 7.3140.15 19.8+l1.2 196.8+151.0
RV-2 EC1 5.58+2.24 21.4+10.9 7.2240.17  19.9+2.2 163.1+127.7
RV-3 DOHC1 3.18+0.59 19.347.0 7.1240.14  19.3+1.2 108.1+68.4
RV-4 UnCl 0.00+0.00 19.346.3 7.30+0.14  20.441.5 173.6+99.8
RV-5 EC1 8.40+4.42 19.0+5.8 7.1440.15  20.2+1.9 117.2462.5
RV-6 DOHCL 3.40+0.53 21.2+5.2 7.1240.12 19.9+1.1 116.5+50.1

o

af Mean + SD.



Table 4. DIFFERENCES IN TRC BETWEEN DEPARTMENT OF HEALTH
SERVICES (DOHCl), AND EXISTING (ECL) CHLORINATED

EFFLUENTS.

Source of

variation

ECL x DOHC1 n df t2
SP.2 x SP-3 37 36 1.35
SP-8 x SP-9 49 48 6.96%
P-2 x P-3 48 47 5.57%
P-8 x P-9 48 47 8.75%
SSF-5 x SSF-6 48 47 -10.86%*
SSF.8 x SSF-9 44 43 1.66
SN-2 x SN-3 48 47 19.19%
SN-2 x SN-9 48 47 26.74
R-2 x R-3 48 47 42.20%
R-5 x E-6 48 47 24.,55%
DSR-2 x DSR-3 47 46 14.02%
DSR-5 x DSR-6 46 45 10.37*
RV-2 x RV-3 47 46 6.59%
RV-5 x RV-6 41 40 7.24%

Asterisks denote significance at p < 0.05 and negative values

denote a higher TRC in DOHCL than EGl.
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during the second week of comparative testing.



Pinole WIP .
The undiluted , UnCl (Series P-1, and P-4, and P-7) and the DeCl (Series

P-6) effluents were acutely toxic (00.0 to 12.5% mortality) to fathead
minnows and golden shiners (Table 2). This toxicity could be attriubuted

to un-ionized ammonia since the test ( Series P-4) with the highest un-ionized
ammonia concentration (193 ug/L NH,) did not produce any acute toxtcity.

No toxicity comparison could be maae between the two chlorinated effluents
(Series P-2 and P-3) during the first week of testing because of excessive
mortality due to infection (Columnaris sp.) of the fathead minnow test fish.
During the second week (Series P-8 and P-9) of comparative testing, the
DOHC1 effluent (96-h LC50 - 12.2% effluent) was less toxic to golden shiners
than the ECl effluent (96<h LC50 = 4.8% effluent). The mean test chlorine
residuals of the ECl effluent were 5.03 and 8.00 mg/L TRC while those of the
DOHCL effluents were 3.01 and 2.62 mg/L TRC for the first and second weeks
of comparative testing, respectively (Table 3). The mean chlorine residuals
of the ECl effluents were significantly higher than those of the DOHCl
effluents during both weeks of comparative testing (Table 4). The DOHC1
effluent was less variable in TRC than the ECl during both the first

(Figure 7) and second weeks (Figure 8) of comparative testing. The effluent
toxicity and quality data for the toxicity tests are presented in Appendix
B-4.

South San Francisco WIP

The undiluted, UnCl (Series SSF-4 and SSF-7) effluents produced acute
toxicity to fathead minnows (40.0%) and to golden shiners (80.0%). In both
cases, the toxicity was probably due to un-ionized ammonia which was quite
high (up to 846 ug/L NH,) in the undiluted, UnCl effluents (Table 2). During
the first week of comparative testing the ECl (Series SSF-5) effluent (96-h
LC50 = 11.87% effluent) was less toxic to fathead minnows than the DOHCL
(Series SSF-6) effluent (96-h LC50 = 4.7% effluent). The DOHCl (Series
SSF-9) effluent (96-h LC50 = 7.4% effluent) was less toxic to golden shiners
than the ECl (Series SSF-8) effluent (96-h LC50 = 5.0% effluent) during the
second week of comparative testing. However, the South San Francisco WTP
effluents did not have to meet disinfection criteria as did the DOHCL
effluents, and thus, there are no valid criteria for comparing the toxicities
of the two effluents. The mean test chlorine residuals of the ECl effluent
were 1.50 and 4.51 mg/L TRC while those of the DOHCl effluent were 4.27 and
3.50 mg/L TRC for the first and second weeks of comparative testing,
respectively (Table 3). The mean TRC of the DOHCL effluent was significantly
higher than that of the ECl effluent during the first week of comparative
testing, whereas there are no significant differences in the mean TRC between
the two chlorinated effluents during the second week of comparative testing
(Table 4). The DOHCl effluent was slightly less variable in TRC than the

ECl effluent during the first (Figure 9) and second (Figure 10) weeks of
testing. The large variability in TRC of both effluents could have been
caused by the noticeably large variability of the effluent quality. The
effluent toxicity and quality data for the toxicity tests are presented in
Appendix B-5.
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Sacramento Northeast WTP

The undiluted, UnCl (SN-1, SN-4, and SN-7) effluents produced variable
acute toxicity (6.7 to 33.4% mortality) to golden shiners (Table 2). Some
acute toxicity (3.3% mortality) was produced with the undiluted, DeCl (SN-6)
effluent. There was no direct relationship between mortality and un-ionized
ammonia concentrations in the UnCl and DeCl effluents. The DOHCl (Series
SN-3 and SN-9) effluents (96-h LC50's = 5.6 and 10.7% effluent, respectively)
during both weeks of comparative testing were less toxic than the ECL (Series
SN-2 and SN-8) effluents (96-h LC50's = 3.5 and 4.2% effluent, respectively).
The mean test chlorine residuals of the ECl effluents were 7.63 and 6.37
mg/L TRC while those of the DOHCl effluent were 3.74 and 2.16 mg/L TRC for
the first and second weeks of comparative testing, respectively (Table 3).
The mean TRC of the DOHCl effluents were significantly lower than those of
the EClL effluents during both weeks of comparative testing (Table 4). The
TRC of the DOHCl effluent was less variable than those of the ECl effluent
during both the first (Fugure 11) and second (Figure 12) weeks of comparative
testing. The effluent toxicity and quality data. for the toxicity tests are
presented in Appendix B-6.

Roseville WTP

The undiluted, UnCl (Series R-1l and R-4) effluents were not acutely
toxic to golden shiners (Table 2). The un-ionized ammonia concentrations
were quite low (197 ug/L NH3 maximum) in the undiluted, UnCl effluents.

The DOHCl (Series R-3) effluent (96-h LC50 = 12.9% effluent) was less toxic
than the EClL (Series R-2) effluent (96-h LC50 = 6.4% effluent) during the
first week of comparative testing. The DOHCL (Series R-6) effluent (96-h
LC50 = 10.6% effluent) was also less toxic than the ECl (Series R-5) effluent
(96-h LC50 = 4.6% effluent) during the second week of comparative testing.
The mean test chlorine residuals of the ECl effluents were 5.09 and 4.66

mg/L TRC while those of the DOHCl effluent were 2.42 and 2.19 mg/L TRC during
the first and second weeks of comparative testing, respectively (Table 3).
The mean TRC of the DOHCl effluents were significantly lower than those of
the ECl effluents for both weeks of comparative testing (Table 4). The TRC
of the DOHCl effluent was less variable than those of the ECl effluent

during both the first (figure 13) and second (Figure 14) weeks of comparative
testing. The effluent toxicity and quality data for the toxicity tests are
presented in Appendix B-7.

Dublin/San Ramon WTP

The undiluted, UnCl (Series DSR-1 and DSR-4) effluents were not acutely
toxic to golden shiners (Table 2). No ammonia measurements were made at
this location. However, the WIP employed nitrification and thus, un-ionized
ammonia concentrations should have been <1 ug/L NH3 in the undiluted
effluents. The DOHCl (Series DSR-3) effluent (96-h LC50 = 1l.4% effluent)
was more toxic than the EClL (Series DSR-2) effluent (96-h LC50 = 1.6%
effluent) during the first week of comparative testing. The DOHCL (Series
DSR-6) effluent (96-h LC50 = 2.2% effluent) was less toxic than the ECl
(Series DSR-5) effluent (96-h LC50 = 1.9% effluent) during the second week
of comparative testing. The small differences between the toxicities of the

29



o€

TRC, mg/I
N
o
|

OPTIMIZED
SERIES SN-3

gL__

24 48 72
TIME, hours

EXISTING

SERIES SN=2

| l \ i

0
10.0
8.0
& 6.0
£
%)
o 4.0
[
2.0—
0
Figure 11.

24 48 72 96
TIME, hours

Chlorine residuals in optimized and existing effluents at Sacramento Northeast
WIP during the first week of comparative testing.



1€

OPTIMIZED
4.0—
SERIES SN-9

N
o

| | M |

24 48 72 96
TIME, hours

S
o
E
'U' EXISTING
e SERIES SN-8
. | | | |
24 48 72 96
TIME, hours
Figure 12. Chlorine residuals in optimized and existing effluents at Sacramento Northeast

WIP during the second week of comparative testing.



43

\a 2.0_
E
g‘ 1.0— OPTIMIZED
o SERIES R-3
o | | | |
24 48 72 96
TIME, hours
6.0
o 40—
E
. EXISTING
2 SERIES R-2
e 20— ‘
-
o | | | |
24 48 72 96
TIME, hours
Figure 13. Chlorine residuals in optimized and existing effluents at Roseville WIP

during the first week of comparative testing.



€e

3.0—
® 2.0
E
') 10— OPTIMIZED
- SERIES R-6
. L | | |

TIME, hours

EXISTING
SERIES R-=5

. | | | |

24 48 72 96
TIME, hours

Figure l4. Chlorine residuals in optimized and existing effluents at Roseville WIP
during the second week of comparative testing.



DOHC1 and ECl are surprising since the ECl effluents had mean chlorine
residuals approximately twice those of the DOHCl effluents. There were Y
substantial differences in the amounts of TRC at the 96-h LC50 level between
the two effluents which suggests there was some other toxic substance that
was affecting the toxicity of TRC at this location. The mean test chlorine
residuals of the ECl were 13.08 and 11.18 mg/L TRC while those of the DOHCL
were 6.12 and 6.94 mg/L TRC during the first and second weeks of comparative
testing, respectively (Table 3). The mean TRC of the DOHCl effluents were
significantly lower than those of the ECl effluents for both weeks of
comparative testing (Table 4). The TRC of the DOHCl effluent was less
variable than those of the ECl effluent during both the first (Figure 15)
and second (Figure 16) weeks of comparative testing. The effluent toxicity
and quality data for the toxicity tests are presented in Appendix B-8.

Ross Valley WTP

The undiluted, UnCl (RV-1 and RV-4) effluents were toxic (3.3 to 6.7%
mortality) to golden shiners (Table 2). This slight toxicity may have been
due to un-ionized ammonia concentrations (440-540 ug/L NH ). The DOHCL
(Series RV-3) effluent (96-h LC50 = 5.1% effluent) was less toxic than the
ECl (Series RV-2) effluent (96-h LC50 = 2.9% effluent) during the first week
of comparative testing. The DOHCl (Series RV-6) effluent (96-h LC50 = 6.4%
effluent) was also less toxic than the ECL (Series RV-5) effluent (96-h LC50

= 3.1% effluent) during the second week of comparative testing. The mean
test chlorine residuals of the ECl were 5.58 and 8.40 mg/L while those of the
DOHCl were 3.18 and 3.40 mg/L during the first and second weeks of compara-
tive testing, respectively (Table 3). The mean TRC of the DOHCl effluents
were significantly lower than those of the ECl effluents during both weeks
of comparative testing (Table 4). The TRC of the DOHCl effluent was less
variable than those of the ECl effluent during both the first (Figure 17)
and second (Figure 18) weeks of comparative testing. The effluent toxicity
and quality data for the toxicity tests are presented in Appendix B-9.

TOXICITY OF UNCHLORINATED AND DECHLORINATED EFFLUENTS

Fish mortality in the undiluted UnCl and DeCl effluents varied from
0.0 to 80.0%. In general, the toxicity in the 100% effluent concentrations
increased with increased un-ionized ammonia concentrations. The 96-h LC50
for un-ionized ammonia to golden shiners derived from mortality in the 100%
effluent concentrations was 1245 ug/L NH3 using log-logit analysis.

The un-ionized ammonia concentrations used to calculate the 96-h LC50
were measured in the 100% waste aquaria and not in the undiluted, UnCl and
DeCl effluent streams. By comparison, the effluent streams generally had
a significantly less (64%) un-ionized ammonia concentration, a significantly
higher temperature, a significantly lower total ammonia concentration, and a
significantly lower pH value than the 100% waste aquaria (Table 5). The
lower temperature in the aquaria was caused by the chilling of our toxicity
testing room, and the slightly lower total ammonia concentration was probably
the result of ammonia loss by aeration during the course of a test. The
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Table 5. DIFFERENCE BETWEEN TOTAL AMMONIA, TEMPERATURE, pH, AND UN-TIONIZED
AMMONTIA IN THE UNCHLORINATED (UnCl) AND DECHLORINATED (DeCl)

AFFLUENTS.
Undiluted Undiluted
Effluent Effluent
Streams Aquaria Variatio?
Parameter tmean SD mean SD df t=
. b c *
Total ammonia 22.01 + 7.50 18.36 + 4.65 15 2.70
(mg/L)
Temperature 22.4 + 2.4 18.9 + 1.0 15 7.98"
°c)
pH 7.0 + 0.3 7.5 + 0.3 15 -15.98"
Un-ionized ammonia 128 + 96 370 + 243 15 -5.60"
(ug/1)

a/ Asterisks denote significant differences at p<0.05 and negative
T wvalues indicate aquaria as higher

b/ Data averaged from Table 3.

Data averaged from Appendices B-2 through B-9.

(2]
ol
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increase in pH (.5 pH) in the aquaria, which caused the large increase in
un-ionized ammonia concentration, was probably the result of chemical changes
taking place in the effluent during its tempoérary confinement aeration.
COMPARATIVE CHLORINE TOXICITY

Existing and Optimized Effluents

Overall, the DOHCl effluents had a significantly lower (49.7%) mean
TRC than did the ECl effluents (Table 6). The results from South San
Francisco are not used in this comparative analysis because the ECl effluents
were not meeting disinfection criteria during the tests. Coupled with the
lower TRC, the DOHCl effluents (96-h LC50 X = 7.45% effluent concentration)
were significantly less toxic (42.9%) than the ECl effluents (96-h LC50 X =
3.6% effluent concentration). The DOHCl effluents at the 96-h LC50 level,
therefore, contained approximately twice the other effluent constituents as
the ECl effluents. This increase in waste constituents may explain why the
DOHC1 effluents (96-h LC50 X = 0.15 mg/L TRC) had a significantly more toxic
(20%) chlorine residual to golden shiners than the EClL effluents (96-h LC50
X = 0.12 mg/L TRC). Un-ionized ammonia was slightly higher in the DOHCl
effluents than in the ECl effluents at this level, but the difference was
not significant. Therefore, differences in un-ionized ammonia concentrations
were probably not the entire cause of the differences in chlorine residual
toxicities between the DOHCl and ECl effluents. Other possible toxic waste
constituents, such as organics and metals, were not measured.

Fathead Minnows and Golden Shiners

Both fathead minnows and golden shiners were used as test organisms
in the toxicity tests. The golden shiners had to be substituted for fathead
minnows when disease epidemic (Columnaris sp.) occurred in our fathead minnow
stock. We then continued to use golden shiners as our test fish even though
their stocks also suffered lesser outbreaks of the disease. However, fish
which noticeably had the disease were not used in the tests.

We found fathead minnows (96-h LC50 X = 0.1l mg/L TRC) to be signifi-
cantly more sensitive (23.6%) to chlorine than golden shiners (96-h LC50 X =
0.14 mg/L TRC) (Table 6). Because of the obvious increased resistance of
chlorine at the San Pablo WIP in fathead minnows, the results from this WTP
are not used in this comparative analysis. The difference in chlorine
sensitivity between the two species could not be attributed to a difference
in un-ionized ammonia at the 96-h LC50 level and therefore must be a true
difference in species sensitivity to chlorine.

San Pablo WTP and All Other WTP

Chlorine was found to be significantly less toxic (331%) to fathead
minnows at San Pablo WIP (96-h LC50 X = 0.47 mg/L TRC) than the other WTP
investigated (Table 6). There were no obvious differences between the
effluent quality of the WIP groups. San Pablo WIP (because of nitrification)
did have total ammonia levels consistently below 1.0 mg/L while the other
WIP (with the exception of Dublin/San Ramon) had ammonia levels in excess of
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Table 6. DIFFERENCES BETWEEN THE TRC RESIDUAL IN UNDILUTED EXISTING (ECl) AND DEPARTMENT OF HEALTH
SERVICES (DOHCl) EFFLUENTS, THE TOXICITIES OF ECL AND DOHC1 EFFLUENTS, AND THE SENSITIVITIES
OF CHLORINE AND AMMONIA TO GOLDEN SHINERS (GS) AND FATHEAD MINNOWS (FH).

Source of

Variation Source Identification n mean SD Variation df? tb
Effluents TRC ECl (mg/L TRC)® A 12 6.64 3.10 *
DOHCL (mg/L TRC)® B 12 3.34 1.,2 AxB 11 5.62
Effluent toxicity 96-h LC50, GS, ECl (% effluent)®  C-1 9 3.67 -l.51
(ug/L TRC);  C-2 11 150 35
(ug/L NH,, c-3 9 23 18
96-h LC50, GS, DOHCL (% effluent)® D-1 9 7.45 4.23 cClxDl 8 -3.95
(ug/L TRC)d D-2 11 125 30 ©2xD2 10 2.51
(ug/L NHy)® D-3 9 29 22 C3xD3 8 -1.13
Species toxicity 96-h LG50, GS, (ug/L TRC)d E-1 24 144 33
(ug/L NH3) E-2 20 24 18
96-h 1C50, FH, (ug/L TRC)® F-1 7 110 43  ElxF1 29  2.25
(ug/L NH3)e F-2 7 26 17 E2xF2 25 -0.21
Chlorine toxicity 96-h LC50, FH, all WTP® F-1 7 110 43
(ug/L TRC)
96-h LC50, FH, San Pablo WIP c-1 4 491 75 FlxGl 9 -10.93
(ug/L TRC)

a/ Equal sample numbers denote paired observations.

b/ Asterisks denote significant differences at p < 0.05.

¢/ Results from SSF-1 through SSF-9 not included in comparisons.
d/ Ammonia not measured at DSR-1 through DSR-6.

e/ Results from SP-1 through SP-9 not included in comparisons.



10.0 mg/L (Table 3). The Dublin/San Ramon WTP also employed nitrification
but its chlorine residuals were just as toxic as the other WIP. Therefore,
there must be some other factor which accounts for the difference in chlorine
toxicity.

We found significant correlations between the 96-h LC50 and the corre-
sponding mean TRC of the undiluted ECl and DOHCl effluents for both fathead
minnow (r = .89) and golden shiner (r = .86) (Figure 19). Since there was
such a good correlation between fish toxicity and TRC, chlorine can be viewed
as the most toxic component of chlorinated, wastewater treatment plant
effluents. A nonsignificant correlation (r = .71) was found between the
same two variables for the chlorinated, San Pablo WIP effluents,
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SECTION 6

DISCUSSION

Toxicity tests were conducted on UnCl, ECl, DOHCl, and DeCl effluents
from 8 WIP in northern California. UnCl effluents were investigated to
determine if the wastewater effluents were toxic prior to chlorination.
Additionally, DeCl effluents were investigated to determine if dechlorination
eliminated all toxicity caused by chlorination.

Nineteen series of toxicity tests in replicate demonstrated that there
was little acute toxicity (X = 10.4% mortality) associated with the undiluted,
UnCl effluents. There was even less acute toxicity (x = 5.3% mortality)
associated with DeCl effluents. Most of the mortality associated with the
UnCl and DeCl effluents was probably caused by un-ionized ammonia since there
was increasing mortality with increasing un-ionized ammonia concentrations.
Mortality of golden shiners in the 100% effluent concentrations of the UnCl
and DeCl effluents produced a 96-h LC50 of 1245 ug/L NH3. Although we were
unable to locate a LC50 for un-ionized ammonia to golden shiner in the
literature, Willinghem et al. (1978) reported that the 96-h LC50 values for
warmwater fish varied from 500 to 2000 ug/L NH3. Our 96-h LC50 for golden
shiner was within this reported range.

The mortality associated with the UnCl and DeCl effluents, if caused by
un~-ionized ammonia, was an artifact created by the experimental design of the
toxicity tests. Confinement and aeration of the effluents in the aquaria
during the tests caused the pH of the effluents to increase an average of
0.5 pH units above that of the continuous, undiluted effluent streams. This
increase in pH caused the un-ionized ammonia concentrations to be 144% higher
than those present in the undiluted waste streams. An average increase of
0.5 pH units (7.0 to 7.5) and decrease of temperature 3.6 C (22.0 to 18.4 C),
as happened in our tests, theoretically should cause un-ionized ammonia
concentrations to increase 143% (Morgan and Turnmer 1977). With the possible
exception of the South San Francisco WIP tests, all mortality associated with
the UnCl and DeCl effluents should have disappeared if continuous-flow,
rather than continual-flow (intermittent-flow), toxicity tests had been used.
This is because a continuous-flow system would have had a shorter hydraulic
retention time than the continual-flow system we used (one aquarium volume
change per 2.5 h). The concentrations of un-ionized ammonia in the effluent
streams at South San Francisco WIP were = 300 ug/L NH3 which would have
caused some mortality while all other WIP had un-ionized ammonia concentra-
tions < 200 ug/L NH3 which should have not caused mortality.
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?hls phenomenon of a pH increase (and subsequent increases of un-ionized
ammonia concentrations) during continual-flow toxicity testing conditions
suggests that this methodology may not be valid for testing the toxicity of
was?ewater effluents. If partial confinement and aeration of the effluent
during the test are the underlying causes for these increases, the static
test conditions should lead to an even greater pH increase. Therefore, we
recommend that continuous-flow tests be preferred for monitoring effluents
with high total ammonia concentrations (=10 mg/L) followed by continual-flow
and static tests in that order of preference.

Three separate studies at the San Pablo (Series SP-4 through SP-6),
Pinole (Series P-4 through P-6), and Sacramento Northeast (Series SN-&
through SN-6) WIP demonstrated that dechlorination with sulfur dioxide (s0
reduced the toxicity to a level equivalent to or less than that of the
unchlorinated effluents.

2)

The SO, in water forms sulfurous acid (H2803) which reacts with TRC
(free chlorine, Equation 3; mono-chloramine, Equation 4) to produce small
amounts of sulfuric and hydrochloric acids:

(3) H,50

3 + HOCL »HZSOA + HCL

(4) NH,CL + H,50, + H)0 WJPNH,HSO, + HCL

Dechlorination with S0y decreased the pH of the ECl effluents to a maximum
of 0.5 pH units at the Sacramento WIP. There was no pH change at the San
Pablo WTP following dechlorination.

Chlorine has been reported to be the single most toxic constituent of
most wastewater effluents (Martens and Servizi 1975; Beeton, Kovacic, and
Brooks 1976). The toxicities of the chlorinated effluents to golden shiner
and fathead minnow were predictable with a great degree of accuracy (r = 0.88
and 0.86, respectively) based on the TRC content of the ECl and DOHCL
effluents.

With the exception of the first week of comparative studies at South
San Francisco WTP (Series SSF-4 through SSF-6), the DOHCl effluents were
characteristically lower in TRC than the ECL effluents. Overall, the DOHCl
effluents contained 49.7% less TRC than the ECl effluents. The results from
South San Francisco WIP are not used in this comparative analysis since the
WTP did not have to meet any disinfection criteria. The reductions in
chlorine varied between a low of 5.7% less TRC during the first week at San
Pablo WTP (Series SP-1 through SP-3) and a high of 67.2% less TRC during the
second week at Pinole WIP (Series P-7 through P-9).

In conjunction with containing an average of 49.7% less TRC, the DOHC1L
effluents had less variable TRC than did the ECL effluents. Standard devia-
tions of the mean TRC in the ECL effluents varied from + 0.31 mg/L to + 4.16
mg/L TRC with a grand mean of + 2.14 mg/L TRC, while those of the DOHCL
effluents varied from + 0.28 mg/L to + 4.61 mg/L TRC with a grand mean of
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+ 0.72 mg/L TRC. Both the ECl and DOHCl effluents appeared to be less
variable .at San Pablo and Roseville WIP and more variable at South San
Francisco, Pinole, and Ross Valley WTP.

The DOHCl effluents on the average were significantly less toxic (42.9%)
than the ECl effluents in 10 of the 12 comparative studies at 6 of the 7 WIP.
Again, the results from South San Francisco WIP are not used in this analysis
and no comparative studies were done at San Leandro WIP. In 9 of these 10
comparative studies, the DOHCl effluents were less toxic than the ECl
effluents. The exception to this-was the first comparative study at Dublin/
San Ramon WIP (DSR-1 through DSR-3). The results obtained during the first
week of comparative studies at San Pablo and Pinole WIP also are not included
in this analysis because of problems (either too little or too much mortality)
which arose during the test and therefore precluded the estimation of an LC50.
However, since the DOHCl effluents at San Pablo and Pinole WIP had slightly
lower mean TRC than the ECl effluents, the toxicities of the DOHCl effluents
should have been less. The 42.9% reduction in toxicity corresponds to the
49.7% reduction in TRC associated with the DOHCl effluents.

Although the DOHCl effluents were, in general, significantly less toxic
than comparable ECL effluents (on a % effluent basis), the ECl effluents
generally had a significantly less toxic (20%) TRC to golden shiner than the
DOHC1 effluents at the 96-h LC50 level. However, the DOHCl effluents had
approximately twice the effluent constituents at the 96-h LC50 level than
did the ECl effluents. These other constituents presumably added to the
toxicity of the effluent or interacted with chlorine to make it more toxic.
This phenomenon cannot be entirely explained by the slightly higher un-
ionized ammonia concentrations at the 96-h LC50 level in the DOHCl effluents.

We found fathead minnow to be significantly more sensitive (23.6%) to
chlorine than golden shiner. Our mean 96-h LC50 values for fathead minnow
(0.11 mg/L TRC) and golden shiner (0.14 mg/L TRC) agree remarkably well with
those values in the published literature (Arthur et al. 1975; Esvelt,
Kaufman, and Selleck 1971) for wastewater treatment plant effluents. The
toxicity of chlorine in wastewater effluents to both species was fairly
consistent, producing excellent regressions between the 96-h LC50 (% effluent
concentration) and the mean TRC content of the undiluted waste.

We found the fathead minnow to be significantly more sensitive (331%)
to TRC at the other WIP than at the San Pablo WIP. Obviously, the nitrified
effluents at San Pablo WIP (which had total ammonia concentrations < 1.0 mg/L)
had less toxic chlorine residuals (96-h LC50 x = 0.47 mg/L TRC). All other
WIP had total ammonia concentrations > 10.0 mg/L with the exception of
Dublin/San Ramon WIP, which also produced a nitrified effluent and had total
ammonia levels < 1.0 mg/L (Sepp and Bao 1980). Even though the Dublin/
San Ramon WIP effluent was nitrified, the effluent (96-h LC50 X = 0.12 mg/L
TRC) TRC was slightly more toxic to golden shiner than the other WTP (96-h
LC50x =0.14 mg/L TRC) where nitrification was not practiced. Hence, the
practice of nitrification of wastewaters prior to chlorination by itself does
not explain the drastic reduction of toxicity to fathead minnow. However,
the influence of wastewater ammonia on TRC toxicity has been documented
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e%sevh?re- Finlayson (1977) found chlorine in ammoniated wastewaters to be
slgn%fl?a?tly more toxic (307%) to rainbow trout, Salmo gairdnmeri, fry than
in nitrified effluents containing < 0.5 mg/L total ammonia.

Complete nitrification (<1.0 mg/L total ammonia) of wastewaters prior
to chlorination should allow for break-point chlorination if the chlorine
dose is >10 times the total ammonia concentration (wt. to wt. basis). At
break-point ammonia is lacking; consequently, free chlorine (Equation 5),
tri-chloramine (Equation 8), and complex organic chloramines (Equation 9)
are produced between the chlorine and the effluent. Conversely, when ammonia
is present and abundant (>10.0 mg/L total ammonia), mono- (Equation 6) and
di-chloramines (Equation 7) are the primary reaction products.

Rosenberger (1971) suspected mono- and di-chloramines to be more toxic
than the reaction products formed at break-point chlorination. Rosenberger
(1971) also showed that although free chlorine was the most toxic residual
chlorine (IRC) species, the toxicity of mono- and di-chloramines was reduced
when a small amount of free chlorine was present. However, we suspect that,
because of the way Rosenberger's (1971) experiments were conducted, these
less toxic mono- and di-chloramines may have been in fact tri-chloramines
and organic chloramines. There is no published literature regarding the
toxicities of these two latter chloramines. However, we suspect these
species are less toxic than free chlorine, mono-, and di-chloramines since
they are further reduced and thus less reactive in water:

4 -
(5) CL, + H,0 @pHOCL + H' + Cl

2

(6) HOCL + NH, WP NH,CL + H,0

(7) HOCL + NH,C1 W NHCL, + H,0

2

(8) HOCL + NHCL, *NClS + H,0

(9) CH,C.H,SO,H + HOCL + NH, W CH,CH,50,NCL + 2H,0

All of the abovementioned TRC species will completely or partially
titrate as TRC in the amperometric titration (APHA 1975). If these less
toxic break-point chloramines made up the bulk of the TRC in the nitrified
effluents at San Pablo WIP, the result would be that the test fish would
have been able to withstand a higher TRC than fish at the other WIP. The
same should be true at the Dublin/San Ramon WIP. However, 80% of the TRC
at Dublin/San Ramon WIP was free chlorine (Sepp and Bao 1980) and the balance
of 20% was probably tri-chloramine and organic chloramine. The abundance of
free chlorine at the Dublin/San Ramon WIP probably explains why its efflu?nt
was slightly more toxic than that of the ammoniated (mono- and di-chloramines)
effluents. We have no comparable data for the San Pablo WIP, although we
suspect that free chlorine was probably not nearly so hig?. Evidently, there
was a greater time-lag between chlorination of the nitrified eff%uent and
toxicity testing at the San Pablo WTP than there was at the Dublin/San Ramon
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WIP. Hence, the greater the lag time, the more time the free chlorine it‘l
nitrified effluents has to form the less toxic, more stable, tri-chloramines
and organic chloramines.
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APPENDIX B-1

CHEMICAL ANALYSES OF DILUTION WATER SUPPLIES

APPENDIX B-1. Water quality analyses for dilution water supplies at the wastewater treatment plants.
Chloride, nitrate, phosphate, sulfate, calcium, sodium, potassium, magnesium, and total
dissolved solids concentrations in mg/L and other metal concentrations in ug/L.

Parameter SL SP P SSF SN -~ R DSR RV
Alkalinity 21.0 37.0 78.0 91.0 80.0 25.0 241.0 " 67.0
(CaCO; mg/L)

Hardness 26.0 54.0 118.0 140.0 65.0 37.0 304.0 86.0
(CaCO3 mg/L)

pH 7.4 7.4 7.9 7.7 7.7 8.4 8.1 7.6
Specific conductance 81 170 367 436 184 90 730 208
(umhos/cm)

Total dissolved solids 44 93 193 267 132 42 440 133
Al <100 <100 400 <100 <100 <100 <100 400
Ag <1 <1 <1 <5 <5 <5 <5 <5
As <5 <5 <5 <5 <5 <5 <5 <5
Ca 9.0 16.0 29.0 28.0 18.0 12.0 61.0 18.0
cd 8.0 <5.0 8.0 <5.0 <5.0 <5.0 <5.0 <5.0
cl 3.2 13.0 32.0 49.0 4.7 4.5 54.0 11.0
Cu 10.0 70.0 10.0 <10.0 <10.0 50.0 680.0 10.0
Fe <20 200 <20 <20 <20 <20 <20 <20
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APPENDIX B-1. (continued).

Parameter SL SP P SSF SN R DSR RV
Hg 0.4 0.4 0.2 0.1 <0.1 <0.1 <0.1 <0.1
K 0.8 1.1 0.9 1.3 1.6 0.6 1.7 0.9
Mg 0.8 3.4 1.1 17.0 4.9 1.7 37.0 10.0
Mn | <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
Na ' 1.9 8.7 23.0 35.0 14.0 2.7 38.0 8.0
Ni <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
N03(as N) 0.19 0.37 0.30 13.0 3.5 0.1 10.0 0.30
Se - - | - - -— - -- --
304 0.8 15.0 39.0 36.0 4.9 8.1 57.0 17.0
Zn 40.0 260.0 50.0 220.0 10.0 130.0 10.0 20.0
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APPENDIX B-2 EFFLUENT TOXICITY AND QUALITY DATA FOR SAN LEANDRO WTP
APPENDIX - B-2,

Test series _ SL-1 Effluent type __ UnCl Test organism FH
Diluted +
Concentration Temp. D.O. TRC NH& + NH3 NHS No. Mortality
(%) (c) pH (mg/L) (ug/L) (mg/L) (ug/L) Obs. (%)
a
100.0-1 17.9+0.9 7.840.1 744+0.8 00+0 14,76+2,87 327492 17 0.0
100.0-2 17.9:9.8 7e74061 74240.6 00+0 15.09+4.44 323+142 17 0.0
56.0-1 17.640.6  7.7+0.1 8.2+0.7 00+0 8e47+1.36 196+40 17 0.0
56.0-2 17.540.7  7.7+0.1 8.1+0.6 00+0 9.44+2.85 204447 17 0.0
32.0-1 17.040.7 7.7+0.1 8.7+047 00+0 5.05+1.20 107+29 17 0.0
32.0-2 17.240.7 74740.1 8.5+0.6 00+0 6.05+2.15 117+28 17 0.0
18.0-1 16.940.7 7.740.1 8.9+0.6 00+0 3064+0.40 68+16 17 0.0
18.0~2 16.8+0.8 7e740.1 8.8+0.8 0040 4.0440.77 82+16 17 0.0
10,0-1 16.8+0.8 7.7+0.1 8.9+0.7 00+0 1.5940.17 28+8 17 0.0
10,0-2 16.740.7 7.740.1 9.1+0.7 00+0 1.64+0.23 28+3 17 0.0
0,0-1& -2 16.8+0.8 7.6+0.1 9.2+0.8 00+0 0.2340.06 3+0 34 0.0

aM.ean: sD.
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APPENDIX - B-2,

Test series SL-2 Effluent type ECL Test organism FH

Diluted +

Concentration Temp. D.O. TRC NH4 + NH3 NHS Noe. Mortality
(%) (c) pH (mg/L) _ (ug/L) (mg/L) _(ug/L)  Obs. (%)

15.0-1 16.740.6  7.640.0  9.840.7 7004120  2.97+1.48  40+18 5 100.0
15.0-2 16.3+0.7 7464047 9.6+0.9 640+370 3.08+1.31 40+6 5 100.0
8.4-1 16.440.6  7.640.1  9.5+0.7 3404130  1.63+0.74 1943 5 100.0
8eb=2 16.3+0.7 7.6+0.1 9.61+0.8 350+120 221+0.13 33+12 5 100.0
4.8-1 16.440.7  7.640.2  9.540.8 230490  1.45+¢0.08 2048 5 100.0
4,82 16.2+0.7 7.6+0.1 9.1+0.7 150450 0.94+0.06 18+8 13 100.0
2.7-1 16.2+0.7 746+40.1 9.340.7 130+30 0.55+0.22 7+3 13 100.0
2.7-2 16.140.6  7.640.1  9.3+0.6 120438  0.40+0.22  7+3 17 60.0
1.5-1 16.040.7 7.640.1  9.340.6 70421 0.4440.17 643 17 50.0
1.5-2 16.040.7  7.640.1  9.3+0.7 80425  0.35+0.14  5+2 17 0.0
' 0.0-1&-2 16.140.7  7.630.1  9.440.9 0041 <0.1040.00 000 34 15.0

aMean i.SDo
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APPENDIX - B"2O

Test series SL-3 Effluent type UnCl Test organism FH
Diluted NH + NH NE
Concentration Temp. D.0. TRC 4 T3 3 No. Mortality
(%) _ (c) pH (mg/L) (ug/L) ST&!L) o (ug/L) _ Obs, (%)
‘ a
100.0-1 19.0+0.8 7e7+0.1 7.540.6 0040 19.29+3.89 4844133 17 0.0
100.0-2 19.1+0.7 7.6+0.1 7.0+0.7 00+0 18.31+3.54 3724109 17 0.0
56,0-1 18.4+0.8 7.840.1 8.3+0.5 00+0 10473+1,37 288+92 17 0.0
56,0-2 18.5+0.7 746+0.,1 8.1+0.4 00+0 9.92+1.33 160+46 17 0.0
32.0-2 18.1+0.7 746+0.1 8.3+0.4 0040 6.27+0.98 95+25 17 0.0
18.0-1 17.940.7 7.640.1 8.4+0.4 0040 3.57+40.38 62+27 17 0.0
18.0-2 17.940.6 74540.1 8e440,.5 00+0 3.77:9.57 52+15 17 0.0
10,0-1 17.7+0.7 7.5+0.1 8.61+0.4 00+0 1.9740.37 2749 17 0.0
10.0-2 17.740.7 7.540.1 8.440.4 00+0 1.88+0.26 23+6 17 0.0
0.0-1&-2 17.140.5 7e4+0.1 8.8+0.2 00+0 0.42+0.13 5+3 34 0.0

aMean: sSD,
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APPENDIX - B-2

Test series SL-4 Effluent type ECL Test organism FH
Diluted +
Concentration Temp. D.O. TRC - NHA + NH3 Nﬁa No. Mortality
‘ (%) (c) pH (mg/L) (ug/L) (mg /L) (ug/L) Obs. (%)
- &L g :
10,0-1 16.640.4  7.540.1 9.740.3 5104232 2.5040.70 2940 5 100.0
10.,0-2 16.640.4  7.540.1 9.7+0.3 530+191 2.53+0.60 30+1 5 100.0
5.6-1 17.140.6  7.5+0.1 9.3+0.4 2504104  1.3440.22 18+5 17 93.3
5.6-2 17.040.6  7.5+0.1  9.440.5 2504104  1,19+40.21 1634 17 93.3
3.2-1 17.240.6 7.419.1 9.1+0.4 120448 0.97+0.28 1145 17 33.3
3.2-2 17.140.7  7.5+0.1  9.240.4 160457  0.93+0.20 1244 17 40.0 -
1.8-1 17.240.7  7.440.1  9.1+0.5 100424  0.6040.07 742 17 0.0
1.8-2 17.440.7  7.440.1 9.2404 100+37 04534005 6+2 17 0.0
1.0-1 17.040.6  7.440.1  9.240.5 60430  0.36+0.03 4l 17 0.0
1.0-2 17.4+0.5 7e4+0.1 9,240.5 60+29 0.51+0.12 6+1 17 0‘0:
0.0-1&-2 16.8+0.6  7.4+40.2  9.249.5 0041  0.2340.12 341 34 0.0

aMean hd SDh.



APPENDIX B=3 EFFLUENT TOXICITY AND QUALITY DATA FOR SAN PABLO WTP
APPENDIX - B-3,

LS

. Test series _SP-1 Effluent type UnCl Test organism __ _ FH
Diluted +
Concentration Temp. D.0. TRC NH4 * NH3 NH3 No. Mortality

(%) . (c) pH (mg/L)_ (ug/L) _(mg/L)  (ug/L) Obs. (ZJ_

a ' o
100,0-1 18.140.8  7.440.0  7.140.8 0040  <0.1040.00 <140 16 0.0
100.0-2 17.940.8  7.340.1  7.340.9  00+0  <0.1040.00 <1:0 16 0.0
5640-1 17.740.7  7.440.1  7.540.9  00#0  <0.1040.00 <1+ 16 0.0
56.0-2 17.440.8  7.440.1  7.340.9 0040  <0.10+0.00 <140 16 . 0.0
32.0-1 17.640.8  7.440.1  7.640.9 0040  <0,1040.00 <140 16 0.0
32.0-2 17.540.8  7.440.1  7.640.8 0040  <0.1040.00 <140 16 0.0
18.0-1 17.440.8  7.44.01  7.640.8 0040  <0.1040.00 <110 16 . 0.0
18.0-2 17.440.7  74440.1  7.840.9 0040  <0,1040,00 <140 16 0.0
10.0-1 17.240.8  7.440.1  7.8+0.8 0040  <0.1040.00 <110 16 0.0
10.0-2 17.240.9  7.4#0.1  7.940.9 0040  <0,1040.00 <130 16 0.0
17.140.8  7.5#0.2  7.9+40.8 0040  <0.1040.00 <10 32 0.0

0.0-1&=-2
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APPENDIX - B-3.

Test series _SP-2 Effluent type _ ECl Test organism FH
Diluted *
Concentration Temp. D.0. TRC NH, + NHy NH 5 No. Mortality
(%) (c) pH (mﬁll‘_,)m (ug/L) (mg/L) (ug/L) _ Obs. (%)
a
5040-1 17.440.8  7.4+0.1 7.9+0.7 4604121 <0.10+0.00 <140 16 26.7
50.0-2 17.440.9  7.440.1 Te7+la1 520+114 <0.10+0.00 <110 16 26.7
28.0-1 17.240.7  7.440.1 7.740.9 180+72 <0,10+0.00 <140 16 0.0
28.0-2 17.140.6  7.410.1 7.940.8 280463 <O.10_-1-_(5.QO <140 16 0.0
16.0-1 17.140.7  7.510.1 7494047 130+35 <0.10+0.00 <140 16 0.0
16.0-2 17.140.8  7.540.1 8.140.6 170+45 <0.10+0.00 <140 16 0.0
9.0-1 17.140.7 7.540.1 8.1+0.9 100+26 <0,1040.00 <140 16 0.0
9.0-2 17.240.8 7.5+0.1 8.2+0.8 60+13 <0.10+40.00 <1+0 16 0.0
5.0-1 16.1+0.8  7.510.1 7.840.6 50+11 .<0.1010.00 <140 16 0.0
5.0-2 16.040.9  7.440.1  8.610.4 90+7  <0,10+0,00 <110 16 0,0
0.0-1&-2 16.9+0.8  7.440.1 7.840.8 0040 <0.10+0.00 <140 32 0.0

aHean _t sD,



APPENDIX -B-3,

6S

Test series SP-3 Effluent type _ DOHCl Test organism FH
Diluted +
Concentration Temp. D.0. TRC N“a + NH3 Nl'13 No,. Mortality
(%) _ (C) pH (L“Ell')_,, (ug/L) {mﬁlL)_' ’ (g&/L) Obs. (%)
a
62.0-1 17,2405  7.240.1 694044 690+234  <0,10+0.00 <1+0 5 100.0
62.0-2 17.540.4  7.440.2 7464046 9704562 <0.,10+0.00 <140 5 100.0
34,7-1 -7e3+0.9  7.440.1 8.040.7 270+40 <0410+0.00 <1+0 16 0.0
34,7-2 17.140.8 7.440.1 8.1+0.6 310452 <0.10+0.00 <1+0 16 0.0
19.8-1 17.1+0.8 7.440.1 8e24+0.4 170+36 <0.10#0.00 <140 16. 0.0
19.8-2 17.140.9  7.5+0.1 8:3+0.6 190+42 <0.10+0.00 <140 16 0.0
11.2-1 17.14+0.8 7.440.1 7.910\.8 130+24 <0.1040.00 <140 16 0.0
11.2-2 17.240.6  7.540.1  8,040.5  100+66  <0.10+0.00 <140 16 0.0
6.2-1 17.240.8 7.5+0.1 8.5+0.6 240+145 <0.1040.00 <140 16 0.0
6.2-2 17.340.7  7.5+0.1 844045 2004148  <0.1040.00 - <140 16 0.0
0.0-1&-2 16.940.6  7.5+0.1 842+0.3 10+10 <0.10+0.00 <140 32 0.0

®Mean + SD.
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APPENDIX - B-3.

Test series SP-4 Effluent type UnCl Test organism FH

Diluted +

Concentration Temp. D.o. TRC NH& M NH3 NHB No. Mortality
(k) ©)_ pH (mg/L) (ug/L) (mg/L)  (ug/L) Obs. (R
a

100,0-1 174640.7  7o440.1  7.840.5 0040 <0.1040.00 <140 17 0.0
100,0-2 17.940.8  7.3+0.1  7.640.4 0040 <0.1040.00 <140 17 0.0
56.0-1 17.240.6  7.5+0.1 8.240.7 0040 <0,1040.00 <140 17 0.0
5640-2 1744044  7.440.1  8.140.7 0040 <0.1040.00 <140 17 0.0
32.0-1 17.240.4  7.580.1  8.3+0.4  00i0 <0.1040.00. <130 17 0.0
32,0-2 17.04005  745+0.1  8.6+0.5  00+0 <0.1040.00 <140 17 0.0
18.0-1 17.140.5  7.540.1  8.6+0.3 0040 <0.1040.00 <140 17 0.0
18.0-2 17.240.4  7.540.1 8474045 0040 <0,1040.00 <140 17 0.0
10.0-1 16.8+40.5 7.540.1  8.7+0.6 0040 <0.1040.00 <140 L7 0.0
10.0-2 16,740.6  7.5#0.1  8,940.9 0040 <0.1040.00 <140 17 0.0
0.0-16-2 16.540.5 7.5+0.1  9.130.7 142 <0.1040.00 <140 34 0.0

“Mean + SD.
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Test series _SP-5 Effluent type _ EC1 Test organism FH
Diluted +
Concentration Temp. D.O. TRC NHA + NH, NH3 No. Mortality
(%) () pH _(mg/L) (ug/L) (mg/L) (ug/L) _ Obs. (%)
= . s _
62.5-1 17.540,3  7.5+0.1 8+8+0.5 700+256  <0.1040.00 <140 9 100.0
62.5-2 17.340.4  7.540.1 8o 74044 7004277  <0.10+0.00 <140 9 100.0
35.0-1  16.9+40.4  7.640.1  9.0+0.3 4504120 <0.10+0.00 <1+0 17 27.0
35.0-2 16.8+0e%  7.6+0.1 848+0.2 3904120 <0.1040.00 <140 17 0.0
20.0-1 16.840.4  7.6x0.1 8474043 200+52 <0.10+0.00 <140 17 0.0
20,0-2 16.7+0.5 7.640.1 8.8+0.4 260+74 <0.1040.00 <140 17 0.0
11.2-1 16.740.5 7.640.1 8.7+0.3 130+35 <0.1040.00 <140 17 0.0
11.2-2 16.6+0.6  746+0.1 8.7+0.4 130437 <0.1040.00 <140 17 0.0
6.21-1 16.740.5  7.640.1 8.9+0.2 110+32 <0.10+0.00 <140 17 0.0
6.21-2 16.5¢0.4 7.7+0.1 8.840.4 70+27 <0.10+0.00 <140 17 0.0
0.0-1&-2 16.740.5  7.740.2 9.0+0.5 10+10 <0.10+0.00 <140 34 0.0

“Mean + SD.
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Test series _ SP-6 Effluent type _ DeCl Test organism FH
Diluted +
Concentration Temp. D.0. TRC NH, + Ny NiLy No. Mortality

(%) (c) pH (mg/L) ___ (ug/L) (mg/L)  (ug/L) Obs. (%)
100.0-1 17.740.6  7.440.1 8.540.5 00+0 <0.10+40.00 <140 17 0.0
100.0-2 17.640.5 7.440.1 Beb4+0e4 00+0 <0.10+0.00 <140 17 0.0
56.0-1 17.4+0.3  7.5+0.1 8.61+0.4 00+0 <0.10+0.00 <140 17 0.0
56.0-2 1744046  74540.1 8484045 00+0 <0.10+0.00 <140 17 0.0
32.0-1 17.040.8 7.740.1 8e8+0.4 0040 <0.104+0.00 <140 17 0.0
32‘0"2 17.01'0.6 7.610.1 809;"_006 00_-!_'0 <0-1010.00 <li_0 17 0-0
18.0-1 17.140.8 7.640.1 8.840.8 00+0 <0.1040.00 <140 17 0.0
18.0-2 17.040.9  7.5+0.1 8.9+0.5 00+0 éO.lOi0.00 <140 17 0.0
10.0-1 17.040.6  7.5+0.1 8.8+0.4 0040 <0.,1040.00 <140 17 0.0
10.0-2 17.040.6  7.6+0.1 9.0+045 00+0 <0.1040.00 <140 17 0.0
0.0-1&-2 16.840.6  7.8+0.1 8.8+045 00+0 <0.10+0.00 <140 34 0.0

®Mean + SD.
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Test series __SP-7 Effluent type _ UnCl Test organism FH
Diluted + NH
Concentration Temp. D.O. TRC NHa + N, 3 No. Mortality
(%) (c) pH @&/L) (ug/L) (mE/L) (%/L) Obs. (%)
= . - N
100.0-1 17.840.6  7.5+0.1 7.6+0.5 00+0 <0.10+0.00 <140 17 0.0
100.0-2 18.2+0.5  7.4+40.1  7.840.3 0040 <0.1040.00 <1+0 17 0.0
56,0-1 17.540.4  7.6+0.1 8.3+0.4 00+0 <0.10+0.00 <1+0 17 0.0
56.,0-2 17.8+0.4 7.5+0.1 8.440.4 00+0 <0.10+0.00 <140 17 0.0
32.0-1 17.6+0.4 7.6+0.1 8.6+0.3 00+0 <0.10+0.00 <1+0 17 0.0
32.0-2 17.2+0.3 7464041 8.6+0.3 00+0 <0.10+0.00 <1+0 17 0.0
18.0-1 17.540.4  7.640.1  8.7+0.3 0040 <0.10+0.00 <1+0 17 0.0
18.0-~2 17.1+0.3 7.640.1 8.7+0.4 00+0 <0.10+0.00 <140 17 0.0
10.0-1 17.440.5 7.640.1 8.9+0.3 0040 <0.10+0.00 <140 17 0.0
10.0-2 17.1+0.3 706401 8.940.4 0040 <0.1040.00 <140 17 0.0
17.140.4  7.6+0.1  8.840.4 0040 <0.1040.00 <1+0 17 0.0

000-1&"2

aMean * SD.
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Test series SP-8 Effluent type EC1 Test organism FH
Diluted +
Concentration Temp. D.0. +TRC NH{. + NH3 NH3 Noe Mortality
(%) (c) pH (mg/L) (ug/L) (mg/L) _  (ug/L) Obs. (%)
a
100.0-1 18.2+0.3  7.3+0.1 8.6+0.3 1610+205 <0.10+0.00 <140 5 100.0
100.0-2 18.540.6 7.2+0.1 8.540.6 1660+328 <0,10+0.00 <110 5 100.0
56.0-1 17.8+0.6 7.5+0.1 8+8+0.3 8204175  <0.10+0.00 <140 13 100.0
56.0-2 17.640.8 7.4+0.1 8.8+0.4 1000+195  <0,10+0.00 <140 5 100.0
32.0-1 17.740.5 7.5+0.1 8.740.6 460+77 <0.10+0.00 <140 17 27.0
32.0-2 17.74+0.5 7.5+0.1 8.9+0.5 510+82 <0.,10+40.00 <140 17 87.0
18.0-1 17.540.4  7.6+0.1 8.8+0.3 280+41 <0.10+0.00 <140 17 0.0
18.0-2 17.5#0.6 7.6+0.1 8.7+0.2 250+43 <0.10+0.00 <140 17 0.6
10.0-1 17.54#0.5 7.6+0.1 8454043 190+42 <0.10+0.00 <140 17 0.0
10.0-2 17.440.6  7.6+0.1 8.8+0.6 280+103 <0.10+0.00 <140 17 6.6
0.0-1&-2 17.240.8  7.640.1 8.9+0.4 2045 <0.10+0.00 <140 34 0.0

“Mean + SD.
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Test series SP-9 Effluent type DOHClL Test organism FH
Diluted +
Concentration Temp. D.0. TRC NH¢ + NHS NHS No. Mortality
%) (c) pH (mg/L) (ug/L) (mg/L)  (ug/L) Obs. (%)
" .
100.0-1 17.6+0.6  7.340.2  8.5+#0.4  1560+445 <0.01+0.00 <140 5 100,0
100.0-2 17.540.4  7.240.2  8.340.2 16204651 <0.10+0.00 <140 5 100.0
56.0-1 16.940.5 7.5+40.1  8.8+0.2 5404158 <0.10+0.00 <140 17 13.0
56.0-2 1608+40.7  7.5+0.1  9.040.3 6004141  <0.10+40.00 <110 17 60.0
32,0-1 16.740.5 7.640.1  9.1+0.2  370+60  <0.10+0.00 <1+0 17 6.0
32,0-2 16.640.6  7.640.1  9.0+0.3 4004126 <0-1040.00 <1+0 17 0.0
18.0-1 16.540.8 7.640.1  9.040.3 230431 <0.10+0.00 <1+0 17 0.0
18.0-2 16.440.7  7.7+0.1  8.9+0.4  230+39 <0.1040.00 <140 17 0.0
10.0-1 16.540.8  7.740.1  9.2+0.3  150+24  =<0.10+0.00 <140 17 0.0
10.0-2 16.540.9  7.640.1  8.940.3 120423  <0.1040.00 <I1+0 17 0.0
0.0-1&-2 16.640.9  7.540.1  8.8+0.4 20+5 <0,1040.00 <1#0 34 0.0

“Mean + SD.
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Test series p.1 Effluent type UnCl Test organism FH
Diluted *
Concentration Temp. D.O. TRC N, + N NHy No. Mortality
(%) (c) pH (mg/L) (ug/L) (mg/L)  (ug/L) Obs. (%)
a
100.0-1 20.541e2  7.3+0.3 74640.6 00+0 1362446073 137491 17 16.0
100.0-2 20.2+1e3  7.240.3 7e7+046 00+0 13.5146456  128+8 17 7.0
56.0-1 19.340.8  7.6+0.2 848+043 0040 6.,5043.99 106+69 17 16.0
56.0-2 19.5+1.0 7.640.1 846+0.3 00+0 b4e3744.92 59+61 17 7.0
32.0-1 19.541.0 7.6+0.1 8¢6+0.3 00+0 boelt5+2.89 77445 17 | 9.0
32,0-2 18.740.7  7.7+0.1 8.7+0.3 00+0 3.79+1.52 74432 17 14,0
18.0-1 19.3+0.8 7.640.1 8.6+0.3 00+0 263740495 45+16 17 0.0
18.0-2 19.1+0.8 7.740.1 8e6+244 00+0 2.4440475 49+¢12 17 740
10.0-1 19.440.9  7.640.2 8.6+0.4 0045 2.47+1.34 56+35 17 0.0
10.0-2 19.1+1.0 7.6+0.1 8.74+0.4 00+5 1,63+0.86 33+18 17 7.0
0.0-1&-2 ‘19.140.6  7.740.1 9.040.2 2045 <0.10+0.00 <140 34 13.5

“Mean + SD.
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Test series P-~2 Effluent type EC1 Test organism FH
Diluted +
Concentration Temp. D.O. TRC NH4 * N§3 'NH3 No. Mortality
(%) ' (c) pH (mg/L) (ug/L) (mg/L) (ug/L) Obs. (%)
— - L -1 AL A—
15.4-1 18.8+0.8 7.54¢0.1 9.0+0.7 650+272 0.7240432 11+4 5 100.0
15.,4-2 19,0404  7.5+0.1 9.0+0.5 700+309 0.7740.31 1143 5 NA
8.6-1 19.0+0.8 77401 8.9+0.5 260+137 0:52+0.17 1142 5 100.0
8.6-2 19.340.7 726401 9.1+0.5 3004152 0-48+0.16 1040 5 NA
4,9-1 19.1+0.6 7.7+0.1 809+0.3 130+93 0.81+0.31 1747 17 NA
449-2 19.1+0.6 747+0.1 9.0+0.3 160+97 0.73+0.38 18+11 17 85.0
2.8-1 19.34046 7474041 8.9+0.3 70+48 0.44+0420 10+5 17 NA
2.8-2 19.1+0.5 7e740.1 8.9+0.3 70+44 0.42+0.22 10+4 17 100.0
1.5-1 19.3+0.6 7.740.1 95,0403 50+32 0.28+0.12 7+3 17 NA
1.5-2 19.0+0.6 7.7+0.1 9.0+0.3 50+34 0.31+0.14 T+4 17 65.0

*Mean + SD.
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Test series P-3 Effluent type DOHC1 Test organism FH
Diluted ; +
Concentration Temp. D.0. TRC Nua * NH3 NH3\ No. Mortality
) ) pH (mg/L) (ug/L) (mg/L) (ug/L) _ Obs. (%)
= St —
33.3-1 18,040.7  7.440.2  9.040.6 730460 2.6441.50 23422 5 100.0
33.3-2 17.840.5  7.4+0.1 8.940.5 750+118 2.24+41.57  20+18 5 100.0
18,5-1 18.240.7  7.5+0.1 8.9+0.6 350425 1.3940,58  18+l1 5 100.0
18.5-2 17,4406 7.5#0.2  9.140.6 260454 1.3640.63 19413 5 100.0
9.6-1 18.4+0.5 7.640.1 8.9+0.4 190+21 1,1940.50  20+10 9 100.0
9.6-2 17.940.6  7.6+0.1 8.8+0.6 190437 1.23+¢0.51 23411 9 100.0
6.0-1 18.3+0.6  7.6+0.1 9.0+0.4 90+37 1.17+0.34 2147 17 40.0
6.0-2 18.140.5 7.6+0.1 9.1+0.4 110431 1.02+0.42 1848 17 33.0
3.3-1 18.2+0.4  7.640.1 9.0+0.3 50+11 0.56+0.18  10+4 17 14.0
3.3-2 18,340.5 7.6+0.1 9.0+0.3 60+14 0.4740.12 844 17 14.0
0.0-1&=~2 18.5+0.6  746+0.1 9.0+0.4 30+10 <0,1040.00 <140 34 10.0

“Mean + SD.
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Test series P-4 Effluent type UnCl Test organism GS
Diluted *
Concentration Temp. D.O. TRC N“a f NH 5 Ni, No. Mortality
(%) . () pH (mg/L) __ (ug/L) (mg /L) (ug/L) _ Obsa (%)
a
100.0-1 19.840.5 7.440.1 7.940.4 00+0 15.0642.66  190+55 17 0.0
100.0-2 19.3+0.4 7.540.1 8.1+0.3 00+0 14.76+13.00 197+66 17 0.0
56.0-1 18¢2+0.5 7464001 8494043 -00+0 7e45+1.84 120+27 17 0.0
56.0-2 18.7+0.3  7.4+0.1 8;619.2 00+0 743341406 89+15 17 13,0
32.0-1 18.740.4  7.540.1 8.9+0.3 00+0 4.2840.79 69+18 17 0.0
32.0-2 18.240.3 7.6+0.1 9.0+0.3 00+0 3.6540.88 59+12 17 0.0
18.0-1 18.940.7 7.6+0.1 9.240.2 00+0 1.58+1.12 30+19 17 0.0
18.0-2 18.04+0.4  7.6+0.1 9.240.2 00+0 21740477 36+12 17 0.0
10.0-1 18.2+0.5  7.6+0.1 9.240.3 1045 1.2640.52 20+7 17 0.0
10.,0-2 17.740.4  7.610.1 9.2+0.2 10+5 1.10+0.38 18+6 17 0.0
0.0-1&-2 17.9+0.3  7.640.1 9.3+0.3 30+4 <0.1040.00 <140 34 0.0

®Mean + SD.
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Test series P-5 Effluent type EC1 Test organism GS
Diluted +
Concentration Temp. D.O. TRC NHQ + NH3 NH3 No. Mortality
(%) (c) pH (mg/L) (ug/L) (mg/L)  (ug/L) Obs, (%)
a
15.4-1 18.7+0.4  7.440.1 9.1+0,3 3104278  2.2440.75 2547 5 100.0
15.,4-2 18.640.5 7.4+0.1 9¢2+0.1 290+256  2.23+0.69 23+7 5 100.0
8.6-1 18.940.7 7.6%+0.1 9.1+0.1 160+136  1.23+0.44 1845 5 100.0
8.6-2 18.3+0.3 7.6+0.1 9,2+0.2 180+99 1.30+0.37 20+5 17 93.0
4.9-1 184340.4  7.640.1 9.2+0.2 70439 0.72+0.26 L3i§ 17 20.0
4,9-2 18.340.6  7.6+0.1 9.2+0.2 110+58 047540424 12+4 17 13.0
2.8-1 18.440.4 7.740.1 9.2+0.2 50425 0.3440.10 6+2 17 0.0
2.8-2 18.240.3 7.6+0.1 9.2+0.2 60+35 0.38+0.14 6+2 17 0.0
1.5-1 18.440.4  7.640.1 9.1+0.1 30412 0.23+0.05 b+l 17 0.0
1.5-2 18.4+0.4  7.640.1 9.2+0.2 40+16 0,22+0.05 bl 17 13.0
0.0-1&-2 18,540.5" 7.6+0.1 902402 30+3 <0.10+0.00 <140 34 0.0

8Mean + SD.
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Test series _ P-6 Effluent type _DeCl Test organism GS__ -
Diluted +
Concentration Temp. D.0. TRC NH4 + N}13 NHB " Noe Mortality
(%) (c) _pH (mg/L) __ (ug/L) (mg/L) (ug/L) Obs. (%)

_ . a
100.0-~1 17.940.7 7.240.1 8.74+0.3 0040 15.36+3.66 75418 17 0.0
100.0-2 19.240.5 6.840.1  8.0+0.3 10422 15:.8443.99  45+11 17 40.0
56.0-1 18.840.5 7.040.1  8.4+0.3 00+15 6.9742.77 2848 17 0.0
56.0-2 17.940.5 7.240.1  8.3+0.2 00+0 7.64+2.35 47416 17 0.0
32.0-1 17444066  7.440.1 9.0+0.4 00+5 4.25+1.26 46+12 17 0.0
32.0-2 18.140.5 7.2+0.1  9.040.2 10+22 4.46+1.85 30411 17 0.0
18.0-1 18.5+0.4  7.3+0.1  9.040.2 10424 3.2141.30 2649 17 0.0
18.0-2 17.240.5  7.540.1  9.240.2 10431 2.96+41.40  37+16 17 0.0
10.0-1 18.5+0.6  7.440.1 8.9+0.5 10+11 1.64+0,99 18+13 13 0.0
10.0-2

0.0-16-2 18.040e4  7.540.2  9.320.2 30+4 <0.1040.00 <140 34 10.0

*Mean + SD.
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Test series _P-7 Effluent type UnCl Test organism ______ GS
Diluted +
Concentration Temp. D.O. TRC NHA + NH3 NH3 No. Mortality
(%) . (c) pH (mg/L) i (ug/L) ~ (mg/L) ﬁgg/L) Obs, (%)
a ' o ' S '
100,0-1 19.3+0.4  7.3+0.1 70940.2 00+0 13.31+3.36 118+50 17 0.0
100.0-2 19.640.4 7.2+0.1 7.9+0.3 - 0040 13.80+2.84 112+36 17 0.0
56.0-1 18.8+0.3  7.440.1 8.6+0.1 00+0 702641457 83+20 17 0.0
5640-2 18.2+0.3 7+440.1 84540.2 00+0 6+94+1.96 65+18 17 0.0
32.0~-1 18.7+0.3 7.5+¢0.1 8.8+0.2 00+0 4o74+1.88 . 60+23 17 0.0
32.,0-2 18.2+0.2 7.5i9;1 8.9+0.1 00:9 4e3741.58 55+16 17 0.0
18.0-1 18.6+0.5 7.540.1 8.9+0.1 1045 2.81+0.94 36+10 17 0.0
18.0-2 17.7+0.3 7.5+¢0.1 8.9+0.1 10+5 2.75+0.66 3149 17 0.0
10.0-1 18.1+0.4  7.6+0.1 9.0+0.1 20+6 1.37+0.29 21+4 17 0.0
10.0-2 18.040.3 7.619.1 9.1+0.1 10+5 1.20+0.30 19+1 17 0.0

0.0-1&-2 17.940.3  7.5+0.1 9,2+0.1 40+5 <0.10+0.00 <140 34 0.0

“Mean + SD.
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Test series _P-8 Effluent type _ECl Test organism GS
Diluted +
Concentration Temp. D.O. . TRC NH4 M NH3, NH3 Noe. Mortality
(%) _ (c) pH (mE/L) (ug/L) (mg/L)__ 5E§IL) Obs. (%)
a ‘ = —
15.4-1 18.440.4  7.5¢0.1  9.140.5 7704517  2.1140.52 32416 5 100.0
15.4-2 18.340.4  7.540.1  9.3+#0.3 8404571  2.03+1.42 30416 5 100.0
8.6-1 18.640.2  7.540.1  9.440.2 3004202 0.54+0.00 1140 5 100.0
86.-2 18424045 745+0.1 9.2+0.2 3504248  0.4040.07 8+2 9 100.0
4,9-1 18.2+0e4  7.61+0.1 9.140.1 150+88 0.64+0.17 12+4 17 66.7
449-2 18.040.4  7.640.1  9.1+0.1  180+105 0.49+0.14 942 17 73.3
2.8-1 18.140.2  7.5+0.1  9.240.1 120471 0.35+0.12 641 17 0.0
2.8-2 18.140.4 7.640.1  9.040.2 100460  0.30+0.13 6+1 17 0.0
1.5-1 18.340.3  7.6+0.1  9.040.1 60+33  0.22+0.09 4el 17 0.0
1.5-2 18.2+0.4  7.640.1 9.0+0.1 70439 0.20+0.11 4+1 17 0.0
0.0-1&=-2 18.2+0.3 746:+0.1 9.1+0.1 4Qi7 <0.10+0.00 <140 34 0.0

aMean g SD.
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Test series _ P-9 Effluent type _ DOHCl Test organism GS
Diluted +
Concentration Temp. D.0. TRC NHa + NH3 NH3 No. Mortality
@) ___ (c) pH (mg/L) ____ (ug/L) (mg/L) (ug/L) _ Obss (%)
" .
43.6-1 17.74¢1.0  7.540.1 9.2+0.2 530+64 4.45+0.00 69+17 5 100.0
43,6-2 17.640.5 7.3+0.1 9.140.2 700+87 5.04+0.57 41412 5 100.0
24.4-1 18.240.9  7.5+0.1 9.2+0.1 270+76 1.96+0.72 26414 9 100.0
24,4-2 17.840.7 7.610.1 9.2+0.2 210496 1.58+0.62 2548 17 86e7
13.9-2 17.640.3  7.540.1 9.340.2 230+24 1.21+0.32 1443 9 100.0
7.8-1 17.840.8  7.6+0.1 9.240.2 110+12 0.78+0.26 1343 17 0.0
7.8-2 17.940.6  7.5+0.1 9.340.3 120+14 0.88+0.32 2640 17 6.6
4,4-1 17.740.8 7.64+0.1 9.2+0.1 70410 0.43+0.34 6+5 17 0.0
beb-2 17.740.3  7.6+0.1 9.2+0.1 80+12 0.43+0.16 6+3 17 0.0
0.0-1&-2 17.940.5 7064041 %9.2+0.1 40+6 <0.10+010 <1+0 34 0.0

aMean hd SD.
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Test series P-10 Effluent type EC1 Test orgaﬁism GS

Diluted + NH

Concentration Temp. D.0O. TRC NHA + NH3 3 No. Mortality
(%) (c) pH (NELL) (ug/L) (mg/L)’. ] (gg/L) Obs. (%)
a

18.0-1 18.0+0.4  7.540.1 9.0+0.2 5904159 3.2340.66 40+8 4 100.0
18.0-2 18.740.5  7.440.1 848+0.2 760+215 3.07+0.60 38+6 4 100.0
10.1-1 19.441.0 7.5+0.1 8.7+0.2 360+102 1.89+0.53 2546 4 160.0
10.1-2 18.040.4 7.5+0.1 - 8.7+0.3 360+79 1.99+0.66 27+6 4 100.0
5.8-1 18.540.8  7.6+0.2 9.040.3 190+68 1.00+0.39 17+8 17 20.0
5.8-2 17.840.4 7.Qip.2' 8.9+0.3 170450 1.16+0.60 1749 17 20.0
3.2-1 18.7+1.0  7.640.2 8.9+0.3 130451 0.63+0.23 12+6 17 0.0
3.2-2 17.740.4  7.640.2 8.9+0.3 90+28 0.7540.15 17+0 17 0.0
1.8-1 18.940.8 7.740.2 8.94+0.3 90+31 0.40+0.26 7+3 17 0.0
1.8-2 17.540.5  7.740.2 Q.Qip.z 60+18 0653+0.37 8+3 17 0.0
0.0-1&-2 18.4:0.9 7.7_""0.2 8.6:0.3 40;"_8 <0.10;i_'0.00 <1_‘*’O 34 0.0

a'Mean + SD,
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Test series P-11 Effluent type _ ECl Test organism FH
Diluted +

Concentration Temp. D.0O. TRC NHQ + NH3 NH3 No. Mortality

(%) (c) pH (mg/L) (ug/L) (mg/L) (ug/L) _ Obs. (%)

a

16.0-1 194410  70440.1  8.740.1 5504217  2.25+1.06 2848 4 100.0

16,0-2 19.240.9  7.440.1 84740.1 570+239 2.2519.99 29+6 4 100.0

9.0-1 19.640.7  7.5+0.1  8.7+0.1 220483 14540471 2143 5 100.0

9.0-2 19.840.9  7.440.1  8.640.1  330+126 <9440.00 1840 4 100.0

5.1-1 18.9+0.8 7Te7+0.2 8.9+0.2 100+50 1l.14+.04 25+¢10 17 6.7

5.1=2 18.54+0.9 Te740.2 9.0+0.3 120464 1.09+0.43 1746 17 46.7

2.9-1 19.040.9  7.7+0.2  8.940.3 80433  0.76+0.29 1344 17 0.0

2.9-2 18,8409  7.740.2  8.8+0.3 70429  0.4440.26 8+4 17 0.0

1.6-1 18.940.8 7.6+0.2 8.8+0.3 60420 0.31+0.16 6+4 17 0.0

l.6=2 18.6+0.8 7+6+0.2 8.9+0.3 50+17 004240426 T+4 17 0.0

0.0-1&=2 18.940.9 7.6+0.2 8.9+0.3 4049 <0.10+0.00 <140 34 0.0

a'Mean i SD.
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Test series SSF-1 Effluent type EC1 Test organism FH
Diluted + NH

Concentration Temp. ; D.0. TRC NH4 * NH3 3 No. Mortality

_ (%) o (c) pH (mg/L) (ug/L) (mg/L) (ug/L) _ Obs. (%)
- - M T et A

18,0~-1 17.940.3  7.940.2 9.3+0.3 280+183 2.83+0.79 120+101 9 100.0
18.0-2 '17.819.4 7.9+0.1 9.3+0.3 270+170 2.61+0.55 97+66 9 100.0
10,1-1 18.440.5 7.7+0.2 9.1+0.3 140490 1.65+0,98 52+41 17 53.3
10.1-2 18.140.4  7.8+0.2 9.2+0.3 140499 1.70+1.06 58+48 17 53.3
5.8-1 17.4+0.4  7.8+0.3 9.3+0.2 90+46 0.83+0.16 33+19 17 0.0
5.8-2 18.5+0.4  7.7+0.3 9.2+0.3 110+73 1.04+0.48 37423 17 13.3
3.2-1 18,7404 7474043 9.140.2 70+38 0.61+0.32 20+14 17 6.7
3.2-2 17.4+0.5 7.839.2 9.3+0.,2 40+20 0.65+0,48 20415 17 0.0
1.8-1 18.4+40.4  7.840.2 9.240.3 30+19 00.3740.,21 12+¢13 17 0.0
1.8-2 18.3+0.3  7.7+40.3 9.,1+0.2 30+15 0.31+0.18 10+11 17 0.0
0.0-1&-2 18.519.2 7e740.2 9.1+0.1 10+4 <0.10+0.00 <1+0 34 0.0

aMean _"l'_ SD.
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Test series _ SSF-2 Effluent type  EC1 Test organism GS

Diluted +

Concentration Temp. D.0. TRC NH, + N, NHy No. Mortality
(%) » () pH (mg/L) (ug/L} (mg /L) (ug/L)  Obs. (%)
" . :

16.0-1 18.940.4  7.940.2 9.2+0.3 2504245 1.9540.0 8240 9 100.0
16.0-2 18.8+0.2 7.940.2 9.1+0.3 220+164 2.25434.5 72414 5 100.0
9.0-1 19.140.5 7.740.2  8.9+40.2 2304181  2.08+1.35 60+40 17 60.0
9.0-2 18.640.5 7.840.2  9.1+0.2 2304166  1.36+0.61 41415 17 40.0
5.1-1 19.140.4  7.8+0.2 9.0+0.3 120+95 0.81+0.32 24+11 17 0.0
5.1-2 18.540.5 7.7+0.2 -— 90+55 1.03+0.39 2148 17 0.0
2.9-1 19.3+0.5 7.8+0.2 9.0+0.2 60+42 0.62+0.24 16+7 17 0.0
5 1.6-2 18.8+40.4  7.740.2 9.1+0.2 30420 0.30+0.07 10+6 17 0.0
0.0-1&=-2 19.040.5 7.7+0.2 9.0+0.2 10+5 <0.10+0.00 <140 34 0.0

a'Mean had SD.
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Test series  SSF-4 Effluent type _UnCl ~Test organism FH
Diluted +
Concentration Temp. D.O. TRC NHA + NH3 NHB No. Mortality
(%) _ (C) pH (mg/L) _ (ug/L) (mg/L)  Cug/L) Obs. (%)
‘ a
100.0-1 20.6+1.9 7.6+0.1 7.440.8 00+0 23.19+5.52 5104189 17 40.0
100.0-2 19.341.0  7.840.2  7.940.7  00+0  21.73#5.40 7224240 17 40.0
56.0-1 19.940.5 7.7+0.1 8.2+0.4 00+0. 11.55+4.08 2454123 17 13.3
56.0-2 19.340.6  7.7+0.2  8.3+0.3 0040  10.48+3.55  258+130 17 0.0
32.0-1 19.740.4 Te740.2 8.4+0.3 00+0 7.4742.06 173490 17 0.0
32.0-2 18.840.4  7.840.1  8.740.2 0040 5.53+41.87 187481 17 0.0
18.0-1 19.240.3 7.9+0.2 8.8+0.2 00+0 3.22+1.03 133+44 17 0.0
18o0-2 18- 710‘7 - 808‘_"_0-2 00.'_"-0 3.00i0o 73 haddd 17 000
10.0-1 18.8+0.4 7.940.2 9.0+0.2 0040 2.08+0.22 71433 17 0.0
10.0-2 19.2+0.4  7.8+0.2 8.940.2 00+0 1.77+0.29 49413 17 0.0
0.0-16-2 18.8+40.3  7.9+0.1 --- 10+4  <0.1010.00 <1:0 34 0-0

aMean _4_' SD,
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Test series SSF-5 Effluent type _ ECl _ Test organism FH
Diluted +
Concentration Temp. D.0. TRC NH4 * NHB NHS No. Mortality
(%) (c) pH (mg/L) (ug/L) (mg/L) _‘(ggjL) Obs. (13”
a
25.0-1 19.140.4  7.8+0.1 9.9+0.2 2104176 3.39+1.02 109+39 13 100.0
25.,0-2 18.2+0.4  7.940.1 9.140.2 1604108 2.71+1.07 89+38 13 100.0
14.0-1 18.9+0.4  7.9+0.1 9.0+0.3 80+67 2.54+1.09 91+57 17 20,0
14.0-2 19.2+0.3  7.8+0.1 8.940.2 90+77 2.03+0.59 58+18 17 2647
8.0-1 19.240.3  7.940.1 9.0+0.2 40+31 1.1240.31 38+12 17 0.0
8.0-2 18.4+40.8  7.940.2 9.0+0.3 A 50+47 1.1940.41 3145 17 6.7
4o5-1 19.240.3  7.940.1 8.8+0.4 30+29 0.71+0.22 23+4 17 0.0
4e5-2 18.9+40.3  7.9+0.1 8.8+0.2 30+21 0.57+0.21 18+3 17 0.0
2.5-1 19.2+0.3  7.940.2 9.0+0.3 20+14 0.61+0.26 22411 17 0.0
245-2 19.0+0.6  7.940.1 9.0+0.2 20+24 0.63+0.28 21410 17 0.0
0.0-1&-2 19.2+40.3  8.040.1 9.0+0.4 10+4 <0.10+0.00 <140 34 0.0

*Mean + SD.
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Test series __SSF-6_ 'Effluent type DOHCI Test organism FH
Diluted +
Concentration Temp. D.0. TRC NH& * NH3 NHS No. Mortality
(%) (c) pH (mg/L) . (ug/L) (mEIL) o (gglL) Obse (%)
- . , -
25.0-1 18.740.5 7.8+0.1 9.140.5 680+382 3.35+40.31 98+13 5 100.0
25.0-2 18.140.4  7.940.1 9.2+0.2 5504235 3.26+0.54  110+32 5 100.0
14.0-1 19.040.4 7.939.1 9.1+0.1 330+167 2.33+0.41 85+13 17 100.0
14,0-2 18.3+0.4 8.0+0.1 9.2+0.4 2904135 2.14+0.49  100+32 17 100.0
8.0-1 18.1+0.5 7.940.1 9.2+0.2 150+49 1,60+0.61 59+29 17 93.3
8.0-2 18.940.2 7.940.1 9.1+0.2 130+138 1.4240.47 54+18 17 100.0
be5-1 19.240.4  7.940.1 9.0+0.2 110455 0.75+0.18 2448 17 46.7
4e5-2 17.840.5 7.9+40.1 9.1+0.2 80+32 0.99+40.51 36+25 17 26.7
2.5-1 —- 7.940.1 -—— 70427 0.55+0.24 —— 17 0.0
2.5-2 18.6+0.2 7.940.1 9.1+0.2 50+28 0.5140.20 2149 17 6.7
0.0-1&-2 18.740.3  7.9+40.1 9.1+0.2 10+4 <0.1040.00 <140 34 0.0

aHean'-_o-_ SD.
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Test series _ SSF-7 Effluent type _ UnCl Test organism GS
Diluted +
Concentration Temp. D.0. TRC NH4 + NH3 NH3 No,. Mortality
(%) (c) pH (mg/L) (ug/L, (mg /L) ag/L)  Obs. (%)
~ A . .
100,0-1 21,0+0.9 7.6+0.1 6.540.7 00+0 29.87+10.02 731473 9 80.0
100.0-2 20.4+1.2 7.6+0.2 7464045 00+0 - 28.50:2.02 960+310 9 80.0
56,0-1 19.8+0. 4 7e7+0.2 8.1+0.5 0040 11.26+6.82 246+156 17 0.0
56,0-2 18.5+0.6 Te740.2 8414045 0040 12.50+4432 305+106 17 0.0
32,0-1 19.3+0.4 7.8+0.2 8.119.5 Oin 11.3+2.03 288+88 17 0.0
32.,0-2 18.8+0.4 7.840.1 8.440.1 00+0 749146427 172+130 9 100.0
18.0-1 19.440.4 7.8+0.2 844043 00+0 743441049 189467 17 0.0
18,0=2 18.240.3 7.8+0.2 8e7+0.2 00+0 6.76+1.69 165+99 17 6.7
10,0-1 19.1+0.5 7.840.1 8.6+0.3 0040 2,97+1.62 99+94 17 6e7
1000-2 ——— 7.8_“:0.2 8.7_4‘_0.3 001‘0 398312.02 1111"_0 17 6-7
0.0"1&‘2 1802;*'_0'3 8.010.1 9.0_"_'.0.3 0014 <O.loi‘_0.00 <].i'_0 34 0.0

“Mean + SD.
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Test geries _SSF-8 Effluent type __ EC1 Test organism GS

Diluted +

Concentration Temp. D.0. TRC NH4 + NHB NH3 No. Mortality
(%) (c) pH (mg/L) (ug/L) (mg/L)  (ugfL) Obs. (%)
a ’ )

20,0-1 19.240.2  7.940.1 8.6+0.2 1110+509 6.40+0.50 247+14 5 100.0
20.0-2 19.240.6  7.7+0.1 846+0e3 12104666 6.6840,77 174455 5 100.0
11.2-1 19.440.7  7.8+0.1 846+0.2 600+370 3.55+1.49 112+65 5 100.0
11.2-2 19.040.3  7.940.1 8.840.2 580+274 3.37+0.68 131+24 5 100,0
6eb-1 19.340.6  7.9+0.1 8.8+0.3 2204174 1.94+0.42 67+22 17 93.3
6.4=2 18.5+0.5  7.9+0.1 8.9+0.3 180+182 1.96+0.47 61+28 17 80.0
3.6-1 18.8+0.4  7.9+0.1 848+0.3 90+72 1.4240.27 49419 17 0.0
3.6~2 19.140.5 7.8+0.1 8e74043 120+85 1.31+0.20 38+12 17 20.0
2.0-1 19.0+0.4 7.919.1 8.8+0.3 80+60 1.00+0.17 34412 17 6.7
2,0-2 19.0+0.4  7.8+0.1 8.8+0.3 90+62 0.97+0.18 30+10 17 0.0
0.0-1&-2 19.240.4  7.8+0.1 8e740.3 1048 <0.10+0.00 <1+0 34 0.0

aMean i’_ SD.
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-Test series _ SSF-9 Effluent type _ DOHCl Test organism GS8
Diluted +
Concentration Temp. D.0. TRC NH4 ""NH3 NH3 No. Mortality
) (€ pl (mg/L) __ (ug/L) (mg/L) (ug/L) _ Obs. (%)
- :

29.0-1 17.5¢0.3  7.940.1 8.740.4 5604223 3.50+0.49 127414 5 100.0

29.0-2 18.440.1  7.840.2 -— 890+366 4463+0.25 148437 5 100.0

16.2-1 18.940.1  7.9+40.1 - 4904268 2.85¢0.71  108+l4 5 100.0

16,2-2 18.240.1  7.840.1  8.5+0.5 3804132 2.8040.21 86:+4 5 100.0

9.3-1 18.940.4  7.8+40.1  8.5+0.5 2104134 2.37+0.38 70421 8 100.0

9.3-2 17.640.3  7.940.1 9.0+0.4 200495 2.22+0.41 76425 17 8647

5.2-1 18.5+4006  7.940.1  8.8+0.4 120457 1.62+0.30 47415 17 33.3

5.2-2 17.940.3  7.840.1  8.840.4 100446 1.6740,34 47412 17 0.0

2.9-1 18.540.5 7.8+40.1  8.840.4 70431 1.09+0.17 31411 17 0.0

2.9-2 18.140.4  7.840.1  8.940.3  60+26 0.9840.15 28+12 17 0.0

0.0-1&-2 18.440.4  7.8+0.1 8.8+0.4 10+6 <0.10+40.00 <140 34 3.3

aMean i SD.
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G8

Test series _SN-1 Effluent type UnCl Test organism GS
Diluted +
Concentration Temp. D.O. TRC NH, + NHg NH No. Mortality
_ (%) (c) pH (mg/L) (ug/L) (mg/L)- (ug/L) _ Obs, (%)
- - . e B -
100.0-1 20.440.6  7.7+0.1 7.440.6 00+0 19.53+4.14 462+115 17 26.7
100.0-2 18.6+0.8 7.8+0.2 8o1+0.7 00+0 14.49+45.46 366+131 17 40.0
56.0-1 19.140.5 7.740.1 748403 0040 607540.92 153+56 17 6.7
56.0-2 18.540.5 7.8+0.1 843+0.2 Oqip 5693+1.43 143+53 17 0.0
32.0-1 19.0+0.5 7.7+0.1 8.0+0.3 00+0 56641432 125+39 17 0.0
32.0-2 179405  74840.1 8454043 00+0 5¢63+1.00 ‘ 141+21 17 0.0
18.0-1 17.640e4  7.840.1 8.740.2 00+0 2.60+1.10 64+29 17 0.0
18.0-2 18,3404  7.8+0.1 8e440.2 0040 2.96+1.08 64+21 17 0.0
10.0-1 18.1+0.4  7.840.1 8.8+0.3 00+0 2.57+1.61 51+24 17 0.0
10,0-2 17.840.5 7.8+0.1 86404 0040 3.74+43.31 51+40 17 6.7
0.0-1&-2 17.440.3  7.8+40.1 8e 7402 00+0 <0.10+0.00 <140 34 0.0

aMean:_ SD.
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Test series SN=-2 Effluent type _ECL Test organism GS
Diluted + .
Concentration Temp. D.0. TRC NH4 + NH3 NH3 No. Mortality
(%) (c) pH (mg/L) (ug/L) _(mg/L) (ug/L) Obs. (%)
a
16.0-1 16,8405  7.8+001 9404002 920+118  3.73+0.04 66+ 2 5 100.0
16.0-2 17.240.3 774051 8.740.1 1160+187  3.30+0.26 63+7 5 100.0
9.0-1 17.2+40.3 7.8+0.1 8.940,2 480+40 2.06+0.13 50410 5 - 100.0
9.6=-2 17.5+0.3 7684041 8.7+0.1 640+114  1.81+0.01 46+20 5 100.0
5.1-1 17.040.3  7.8+40.1  8.9+40.2 160463  0.9240.42 24413 17 73.3
5.1-2 16.5+0.3  7.840.1  9.040.3 200480  0.8540.42 1848 17 93.3
2.9-1 16.940.3  7.840.1  8.940.2 120437  0.42+0.18 10+4 17 4647
2.9-2 16.4+0.2 7¢8+0.1 8.940.2 80+28 0e42+0.17 11+4 17 6.7
1.6-1 16.,9+40.3  7.8+40.1 9.0+0.2 20+13 0.27+0.10 7+3 17 6.7
1e6=2 16.7+0.4 7.8+0.1 8.840.2 30+11 0.23+0.07 5+2 17 0.0
0.0-16-2 17.040.3  7.8+0.1  8.8+0.2 0040 <0.1040.00 <140 34 0.0

®Mean + SD.
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Test series SN -3 Effluent type _ DOHC1 Test organism GS
Diluted +
Concentration Temp. D.O. TRC NH4 + NHB NH3 No. Mortality
_ (%) (c) pH (mg/L) (ug/L) (mg/L) A(pg/L) Obse (%)
a
25.0-1 18.040.4  7.7+0.0 845+0.1 800&230 3.82+1.84 69+34 5 100.0
25,0-2 17.040.8 744040 8e7+0.4 650+174 4,02+0.02 76+2 5 100.0
14,0-1 17.2+0.3 7740,0 8e5+0.2 320452 1.8940.82 40+15 5 100.0
14,0-2 17.0+0.7 7484041 9.040.3 340462 2.5940.23 53+5 5 100.0
8.0~1 17.440.3 7.940.1 8.9+0.2 140458 1,14+0.58 27+13 17 86.7
8.0-2 17.5+0.4  7.740.1 8.640.4 240+39 1.05+0.75 20+12 ) 100.0
b4o5-1 17.4+0.4 7.740.1 8e6+0e4 120+28 0e4440.16 11+4 17 40.0
2.5-1 17.3+0.3 7.840.1 859+0.2 40421 0.41+0.50 10+12 17 0.0
2e5-2 17.0+0.3 7.740.1 8.8+0.3 60+38 0.3440.37 7+7 17 6a7
0.0-1&-2 17.0+0.4  7.8+0.1 8e7+043 00+3 <0.10+0.00 <1+0 34 0,0

“Mean + SD.
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Test series SN-4 Effluent type UnCl Test organism GS
Diluted +
Concen}ration Temp. D.0. TRC NH4 * NHB NH3 No. Mortalitcy
(%) o (C) pH (mg/L)  (ug/L) - (mg/L)  (ug/L) Obs. (%)
a
100.0-~1 19¢0+0.6  7.8+0.1 8.2+0.3 00+0 23.50+4,50 7034154 17 0.0
100.0-2 19.840.5 7.7+0.1 7e7+0.2 00+0 22.14+5.13 517+109 17 13.3
56.0-1 18.6+0.4  7.740.1 8024044 00+0 10.89+2.81 243458 17 0.0
56.,0-2 18.4+0.4  7.840.1 8434043 00+0 11.71+2.75 283+79 17 6.7
32,0-1 18,2403  7.8+40.7 845+0.3 00+0 6.88+1,61 168+46 17 0,0
32.0-2 17.940.3  7.8+0.1 8.9+0.4 0040 741741454 189iﬁ7 17 6.7
/
18.0-1 17.840.2 7.840.1 8.6+0.3 00+0 3,29+0.76 82420 17 6.7
18,0-2 17.040.2  7.8+0.1 9.240.3 00+0 3.00+0.69 79+20 17 3.3
10.0-1 17.340.2  7.8+40.1 9,1+042 00+0 1.76+0.32 4748 17 0.0
10.0-2 16.740.1  7.4+1.0 8.9+0.4 00+0 1.58+0.28 37413 17 0.0
0.0-1&-2 20,0+0.2  7.8+0.1 9.0+0.3 00+0 <0.10+0.00 <140 34 0.0

a'Mean _'t SD.
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Test series SN=-5 Effluent type ECl Test organism . GS
Diluted +
Concentration Temp. D.O. TRC NH4 * NHS NH3 No. Mortality
(%) (c) pH (mg/L) (ug/L) (mg/L) _(ug/L) _ Obs. (%)
a
16.0-1 17.040.1  7.9+0.0 9.1+0.2  630+128 2.04+0,17 59+6 5 100.0
16.0-2 16.8+0.1  7.8+0.1 9.0+0.2  650+138 2,02+0,12 5246 5 100.0
9.0-1 17.240.2  7.940.1  9.0+0.2 290480 1.24+0.07 3845 5 100.0
9.0-2 17.040.1  7.940.1 9.1+0.3 340483 1.19+0.06 3745 5 100.0
5.1-1 16.940.2  7.8+0.1 9.2+40.2 170437 1.06+0.32 26+7 17 46,7
5.1-2 16.8+0.2  7.8+0.1 8.8+0.3  200+48 0.91+0.26 2145 17 33.3
2.9-1 16.8+0.2  7.8+0.1 9.2+0.2 110417 0.62+0.19 15+3 17 13.3
2.9-2 16.640.2  7.8+0.1 9.1+0.1 90+13 0.53+0.15 1342 17 0.0
1.6-1 16.940.1  7.8+0.1 9.1+0.2 30+7 0.41+0,12 10+3 17 0.0
1.6-2 16.940.2  7.8+0.1 9.14+0.2 50+11 0.32+0.08 8+2 17 0.0
0.0-1&-2 16.940.2  7.8+0.1 849+0.2 0040 <0.10+0.00 <140 34 0.0

aMean + SD.
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Test series SN-6 Effluent type DeCl Test organism GS
Diluted +
Conc enf.r ation Temp. D.0. TRC NH4 + NH3 NH3 No. Mortality
(=) ___ (c) pH (mg/L) (ug/L) {mg/L) (ug/L) Obs. (%)
- - , : S :
100.,0-1 19.5+0.7 7.0+0.2 745+¢0.3 00+0 23.58+2.23 127451 17 6e7
100.0-2 17.840.3  7.2+40.1  8.3+0.3 00+0 23.49+1.78 169443 17 0,0
56.0-1 18.240.5 7.340.1  8.540.2 0040 12.89+1.20 125436 17 0.0
56.0-2 17.7+0.4  7.440.1  8.7+0.4 0040 13.34+1.20 138+40 17 6.7
32.0-1 17.7+0.5 744001 8.6+0.3 00+0 7.86+0.48 93+24 17 6.7
32.0-2 17.740.5  7.440.1  8.4+0.4 0040 7.58+1.00 86+25 17 0.0
18.0-1 17.5+40.3  7.6+0.1  8.9+0.4 00+0 4.61+0.28 74416 17 6.7
18.0-2 17.040.2  7.6+0.1 8.9+0.5 00+0 507340443 8417 17 0.0
10.0-1 17.340.3  7.740.1  8.940.4 00+0 2.26+0.21 43+7 17 0.0
10.0-2 17.140.2  7.740.1  8.840.5 00+0 1.9240.18 3746 17 0.0
0.0-18-2 17.040.1  7.940.0  8.740.6 0040  <0.10+0.00 <140 34 0.0

aMean + 8D,
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Test series _SN-7 Effluent type _UnCl _ Test organism GS
Diluted +

Concentration Temp. D.0. TRC N, + M, NH, No. Mortality

(%) (c) pH (mg/L)  (ug/L) (mg/L) (ug/L)  Obs. (%)

- -

100.0-1 18.6i9.3 7.9+0.1 84402 00+0 23.54+2.05 8474155 17 20.0

100.0-2 20,0+0.5 7e740.1 7.540.2 00+0 23.48+2.49 596+130 17 13.3

56.0-1 18.940.3  7.840.0  8.040.2  00+0  13.14+1.70 328453 17 6.7

56.0-2 18.140.3  7.840.0  8.5:0.2 0040  13.2941.41 399467 17 0.0

32.0-1 18.140.2  7.840.1  8.440.2 0040 8.88+0.890  234+31 17 6.7

32,0-2 18.040.2  7.840.1  8.440.3 0040 8.7640.96 226432 17 0.0

18,0-1 17.840.3  7.840.1 8.6+0.2 0040 44540454 119+24 17 0.0

18,0-2 17.140.1 7.9+0.1 9.040.2 0040 4.08+0.44 127424 17 0.0

10.0-1 17.540.3  7.940.1  9,040.1 0040 2.01+0.32 67415 17 0.0

10.0-2 17.440.2  7.940.1  9.040.2 0040 1.8840.50 60424 17 0.0

0.0-16&-2 17.140.15 7.940.1  8.940.2 0040  <0.1040.00  <1:0 34 0.0

aMean:-_ SD.



i6

APPENDIX - B.g,

Test series SN-8 Effluent type EC1 Test organism GS
Diluted +
Concenfration Temp. D.O. TRC NH4 + NH3 NH3 No. Mortality
(%) _ () pH (mg/L) _ (ug/L) (mg/L) (ug/L) Obs. (%)
-~ —
16.0-1 17.240.4  7.8+0.0  8.2+40.1 11104299  5.93+1.16  145+29 5 100,0
16.0-2 '17.040.3  7.8+0.0  8.740.2 9304133  5.21+0.69  124+13 5 100,0
9.0-1 17.540.4  7.8+0.1  8.6+0.4 5104135  4.81+3.69 112477 5 100.0
9.0-2 16.8+0.5  7.9+0.0  9.1+0.1 3904219  3,02+1.38 88+44 5 100.0
5.1-1 17.1+0.2  7.940.1  9.0+0.2  150+48 15140459 46426 17 53.3
Del-2 16,8402  7.9+0.1  9.0+0.2 1914125  1.31+40.72 36422 17 100.0
2.9-1 17.040.1  7.940.1  9.0+0.2  100+46 0.90+0.48 26422 17 607
2.9-2 16.8+0.2  7.9+0.1 9.1+0.1 80+31 0.81+0.50 24421 17 0.0
1.6-1 17.040.1  7.9+0.1 9.0+0.3 2049 0.56+0.33 19417 17 0.0
1.6-2 17.040.3  7.9+40.1 9.040.2  40+14 0.50+0.34 15+14 17 0.0
0.0-1&-2 17.140.2  7.9+40.1  8.8+0.2 00+0 <0.10+0.00 <140 34 0.0

aMean _4_'_ SD.
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Test series SN-9 Effluent type DOHCL Test organism GS
Diluted +
Concentration Temp. D.o. TRC NH(; * N1'13 NH3 Noe. Mortality

(%) (C) pH (mg/L) (ug/L) (mg/L) (ug/L) Obs. (%)

~ - _ :

33.3-1 17,2402  7.8+40.1  8.740.2 4504154  8.34+0.89 194413 5 100.0
33.3-2 16.940.5 7.8+0.1  8.8+0.2  490+167  8.10+1.20 178+48 5 100.0
18.6-1 16.740.14 7.940.1  9.1+0.2 190477 4483+0.91 139433 9 100.0
18.6-2 16074004  7.9+40.1  9.040.2  200+42 £4468+0463 117424 9 100.0
10.7-1 16.940.3 ~7.840.1  9.110.3 80+30 2.67+0436 68+8 17 6.7
10.7-2 16.540.5  7.940.1  9.040.4 1104112  2.48+0.28 69+7 17 6.0
6.0-1 16.840.2  7.940.1  9.1+0.2 50426 1.63_0424 44410 17 0.0
6.0-2 164140.6  7.940.1  9.3+0.3 40+26 2.08+0.18 5745 17 0.0
3.3-1 16,7402  709+0.1  9.1+0.2 1045 0092+0,25 26+8 17 0.0
3.3-2 160440.4  7.940.1  8.6+0.3 20414 0.8240.16 2343 17 0.0
0.0-16&-2 1604+40.2  7.940.1  9.1+0.2 0040 <0,10+0.00 <140 34 3.3

aMean 1 SDo



APPENDIX B-7 EFFLUENT TOXICITY AND QUALITY DATA FOR ROSEVILLE WIP
APPENDIX - B.7,

%6

Test series R-1 Effluent type UnCl Test organism GS
Diluted +
Concentration Temp. D.0. TRC NH4 + NH3 NH3 Noe. Mortality
) (c) ph (mg/L) _ (ug/L)  (mg/L) (ug/L) Obs. (%)
a
100.0-1 17.6+0.7 745+0.1 8.1+0.4 00+0 18.00+0.00 195425 17 0.0
100.0-2 17.340.9 7.6+0.1 8e7+0.2 0040 18.10+0.50  200+20 17 0.0
56.0-1 16.9+0.8 7464041 8e7+0.2 0040 5.60+2.90  109+21 17 0.0
56.0-2 17.0+0.8 7.440.1 8e4+0.2 00+0 7+35+3.10 89+25 17 0.0
32.0-1 16.9+0.7 7.540.1 8.9+0.2 00+0 4465+2.60 55+19 17 0.0
32.0-2 16.740.7 7.540.1 9.1+0.2 0040 4.95+2.50 57+12 17 0.0
18.0-1 16.740.7  7.5+0.1 9.0+0.2 0040 2.90+1.70 25415 17 0.0
18.0-2 16.7+0.7 745401 9.040.2 00+0 290+1.65 20+13 17 0.0
10,0-1 16.7+0.6 7¢540.1 8.9+0.4 00+0 1.70+0.75 8+3 17 0.0
10.0-2 16.7+0.7 7e440.1 8.9+0.5 00+0 1.65+0.50 9+2 17 0.0
0.0-1&-2 16.6+0.8 7.5+0.2 9.1+0.2 00+v 0.25+0.12 3+1 34 0.0

*Mean + SD.



APPENDIX - B-7.

S6

Test series _ R-2 Effluent type _ ECl Test organism GS

Diluted +

Concentration Tempe. D.0. TRC Nﬂa + N1{3 NH3 No. Mortality
(%) (c) pH (mg/L) (ug/L} (mg/L)  (ug/L) Obs, (%)
" -

20.0"1 16.8_";1.9 7.5i002 bt 720:!:195 - m— 5 100.0
20.0-2 16.641.7  7.5+0.1 -— 930+215 _— - 5 100.0
11.2-1 16.6+0.8  7.5+0.1  9.240.2 290455 1.90+0.10 25+5 13 100.0
ll. 2‘2 16. 711.3 7.5.10.1 9.1_“:_0.3 450;‘.’_58 —— / - 5 100.0
6.4-1 16.540.9  7.5+0.1 9.3+0.2 170493 1.1540.15 1442 17 85.8
6.4-2 16.3+1.0  7.5+0.2 9.340.3 140440 1.18+0.05 16+2 17 13.3
3.6-1 16.4+0.8  7.5+0.1 9.2+0.2 90+30 0.68+0.00 8+0 17 0.0
3.6-2 16.2+1.0  7.5+0.1 9.3+0.2 70+35 0.80+0.10 9+2 17 0.0
2.0-1 16.4+0.7  7.540.1 9.2+0.2 60+14 0.55+0.00 6+1 17 0.0
2.0-2 16.3+0.9  7.5+0.1 9.3+0.2 50+9 0.46+0.02 5+1 17 0.0
0.0-1&-2 16.2+0.5  7.640.2 9.2+40.4 00+0 0.17+0.02 241 34 3.3

aMean: SD.
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APPENDIX - B-7.

Test series R-3 Effluent type _ DOHCI Test organism GS
Diluted +
Concen}ration Temp. D.o. TRC Nﬁa * NH3 NH3 No. Mortality
(%) (c) pH (mg/L)  (ug/L) (mg /L) (ug/L)  Obsa (%)
= - :
33.3-1 16.4+0.8 -— 8.9+0.3 340+111 ——— -——- 5 100.0
33.3-2 16.240.7 7.5+0.1 9.1+0.3 360+193 4430+0.00 5240 9 100.0
18,6-1 16.540.7 7.5+0.1 9.1+0.2 250475 2.21+0.12 2545 17 93.3
18.6-2 16.240.7 7.5+0.1 9.1+0.2 230487 2.0+0.13 20+7 17 93.3
10.6-1 16.340.6  7.5+0.1 9.240.3 170+26 1.63+0.00 1840 17 53.3
10.6-2 16.240.7 7.5+0.1 9.2+0.2 150+53 1.62+0.00 1740 17 6.7
6.0-1 16.2+0.6  7.5+0.1 9.2+0.2 100+32 1.00+0.00 1140 17 0.0
6.0-2 16.1+0.6  7.5+0.1 9.2+0.3 80+23 1.10+0.00 1140 17 0.0
3.3-1 16.240.6  7.5+0.1 9.240.2 70+16 0.72+0.10 8+2 17 0.0
3.3-2 16.1i0.6 hdadad 9. 2:'_0.3 60i15 006310‘05 - - - 17 0.0
0.0-1&-2 16.2+0.6  7.6+0.1 9.2+0.3 00+0 0.15+0.05 2+1 34 0.0

aMean x SD.



L6

APPENDIX - B-7.

Test series R-4 Effluent type UnCl Test organism GS
Diluted +
Concentration Temp. D.O. TRC NH4 + NHB NHS No. Mortality
(% (c) pH (mg/L) ___ (ug/L) (mg /L) _(ug/L) Obs. (%)
a
100.0-1 17.8+0.9  7.4+0.1 7.640.7 00+0 12.85+2.50 120450 17 0.0
100.0-2 17.3+1.0  7.5+0.2 8¢3+0.2 00+0 13.67+4.60 175440 17 0.0
56.0-1 16.240.8  7.3+0.1  8.640.5 0040 6.78+3.80  36+0 17 13.3
56.0-2 16.240.7  7.5+0.1  8.8+0.3 00+0 6.40+2.15 45420 17 0.0
32.0-1 16.5+0.7 7Teb44+0.1 8.7+0.2 00+0 4.65+1.89 41+10 17 0.0
32.0-2 16.4+1.0  7.4+0.1 8.7+0.2 00+0 4.89+1.51 32+8 17 6.7
18.0-1 16.440.8  7.440.1  8.9+0.2 00+0 2.6340.85  18+5 17 6.7
18.0-2 16.3+1.0  7.4+40.1  8.9+0.2 00+0 2.7140.74 1743 17 0.0
10.0-1 16.440.7  7.440.1  8.740.3 0040 2.25+0.18 1448 17 0.0
10.0-2 16.1+0.8 7.4+0.1 8.8+0.4 00+0 2.15+0.15 15+6 17 0.0
0.0-1&-2 16.0+1.0  7.3+0.1 9.0+0.2 0040 0.25+0.15 3+1 34 0.0

a'Mean i SD,
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APPENDIX - B-7,

Test series R-5 Effluent type ECl Test organism GS
Diluted +
Concentration Temp. D.0. TRC NH4 * NHB NH3 No. Mortality
) (c) pH (mg/L) __ (ug/L) (mg/L) (ug/L) _ Obs. (%)
= w s
20.0~1 15.4+0.8  7.440.1 9.1+0.3  930+174 443540415 19+2 5 100.0
20.0-2 15.240.8  7.4+40.1 9.1+0.3  990+209 3.80+0.70 14+2 5 100.0
11.2-1 15.040.6  7.440.1 9.1+0.4 5304130 2.27+0.10 14+2 5 100.0
11.2-2 l4.7+¢1e1  7.3+0.1 9.2+40.3 380486 2.10+0.18 12+1 5 100.0
6.4-1 15.8+40.9  7.3+0.1 9.0+0.3 200453 0.85+0.25 6+2 17 80.0
6.4=2 14.940.5  7.340.1 963403  290+33 067540425 © 5+l 9 100.0
3.6-1 15.6+0.7  7.340.1 9.1+0.2 110431 0.50+0425 3+1 17 33.3
3.6-2 15.440.8 7.440.1 9.1+0.3  130+24 0.40+0.20 3+1 17 13.3
2.0-1 15.440.7  7.440.1 9.1+0.2 80+15 0.35+0.15 2+1 17 0.0
2.0-2 15.3+0.7 7.340.1 9.140.2 70413 0.31+40.10 2+1 17 0.0
0.0-1&-2 15.240.5  7.440.2 9.1+0.2 0040 0.10+0,00 1+1 34 0.0

“Mean + SD.
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APPENDIX - B-7.

Test series _ R-6 Effluent type DOHC1 Test organism GS
Diluted +
Concentration Temp. D.O. TRC NH4 + NHS No. Mortality
(%) () pH (mg/L)  (ug/L) (mg/L)  (ug/L) Obs. (%)
a
33.3-1 15.6+0.4  7.440.1 9.2+0.3  420+149 4.2540.15 32+19 5 100.0
33.3-2 154404  7.4+40.1 9.2+0.3  430+159 44504020 36+15 5 100.0
18.6-1 15.4+0.5  7.3+40.2 9.340.4 220491 2.27+0.10 12+0 5 100.0
18.6-2 15.540.5 7.3+0.1 9.3+0.3 220486 2.06+0,18 12+2 9 100.0
10.6-1 16.0+0.6  7.3+0.1 9.0+0.4  100+54 2.00+0.50 743 17 53.0
10.6-2 15.940.7 7.340.1 9.040.4  110+48 1.70+0.25 9+2 17 40,0
6.0-1 16.0+0.7 7.340.1 9.1+0.4 80+35 1.00+0.45 5+2 17 0.0
6.0-2 16.1+0.8 7.340.1 9,0+0.3 50+28 0.96+0.48 5+2 17 0.0
3.3-1 16.040.8  7.3+0.1 9.1+0.4 50+19 0.55+0.24 3+1 17 0.0
0.0-1&-2 16.0+0.7 7.3+0.1 9.1+0.4 00+0 0.20+0.10 2+1 34 0.0

aMean bt Sh.



APPENDIX B-8 EFFLUENT TOXICITY AND QUALITY DATA FOR DUBLIN/SAN RAMON WIP
APPENDIX - B-8,

00T

Test series DSR-1 Effluent type _ UnCl Test organism GS
Diluted +
Concentration Temp. D.0. TRC NH4 M NH3 NH3 No. Mortality
(%) _ (c) pH (mg/L) _ (ug/L) (mg/L)  (ug/L) Obs. (%)
a
100.0-1 17.6+1.0 7e74042 8.94+0.4 00+0 -——— - 17 0.0
100.0-2 16.940.6 7.840.2 8.9+0.6 00+0 -_— ——— 17 0.0
56.0-1 17.040.6 747401 8494044 00+0 ——- —— 17 0.0
56.0-2 17.0+0.7 7.8+0.1 8.9+0.4 00+0 - —— 17 0.0
32.0-1 17.1+0.6 7e7+0s2 8.940.4 0040 -— ——— 17 0.0
32.0-2 17.0+0.6 7.840.1 9.0+0.3 0040 - -——— 17 0.0
18.0-1 17.110.1 7.8:'_'_0.2 9-2i0.3 0010 - = hndanded 17 0.0
18.0"“2 16.810.5 7.8:!_'-002 9.110.4 OOiO - - - 17 0.0
10.0-1 16.9+0.5 7+8+0.2 9.1+0.4 00+0 e - 17 0.0
10.0"2 16.810.6 7.81002 9.210.3 00_-!_-_0 - - - 17 0.0
0.0-1&-2 16.3+0.2 7.8+0.2 9.240.3 15+5 B - 34 3.3

aMean i SD.



10T

APPENDIX -B-8.

Test series _DSR-2 Effluent type _ ECl Test organism _Gs
Diluted + NH NH
Concentration Temp. D.0. TRC N, + NH, 3 No. Mortality
(%) (c) pH (mg /L) (ug/L) (mg/L) {ug/L) Obs. (%)
a
10.0-1 16484002  7.840.2  9.540.6 7644275 ——- --- 5 100.0
10.0-2 16.840.2 7.740.1  9.5+0.6  910+364 -- - 5 100.0
5.6"1 16.8_"_’0.3 7- 7_'!'_0.1 9.4_’4‘;006 444:‘_116 - - 5 100.0
5.6-2 16.740.3  7.8+40.1  9.640.2 4504131 --- —- 5 100.0
3.2—1 16. 710.4 7.910.2 9.310.5 268161 - - ——— 13 100.0
3.2"2 16.610.5 7.910.2 9.21'-0.5 287i77 - - 9 100.0
18.1-1 16.740.5 7.940.2  9.3+0.4  186+43 --- —— 17 6607
18.1-2 16.740.4  7.840.1 9.3+0.4 179+45 --- -—~ 17 27.3
1.0"‘1 16-6_"‘;0.4 7.910.2 9.3_";004 100_"_'_30 - - - 17 0-0
1.0-2 16.740.4  7.8+0.1 9.3+0.4 144439 --- _— 17 20,0
0.0"1&"2 16. 71‘_0.4 7.910.1 9.3:0.4 21115 hadadd - 34 3.3

aMean'i SD.



20T

APPENDIX -B-8,

Test series DSR~3 Effluent type DOHCL Test organism GS
Diluted. +
Concentration Temp. D.0. TRC 4 + NH3 NH3 No. Mortality

(%) (c) pH (mg/L) (ug/L) (mg/L) __ (ug/L) _ Obs. (%)

a roe——
20.0-1 16.610.2 7. 7_"_‘0.2 9.410.4 646:159 - - hndaded 5 100.0
20.0-2 16.540.4  7.8+0.1 9.3+0.4 578+193 -—- -—- 9 100.0
11.2-1 16.740.4 7.8+0.2 9.4+0.4 382+107 ——- ——— 9 100.0
11.2-2 16.6+0.4  7.9+0.2 9.3+0.4 3444103 -— -—- 9 100.0
6e4-1 16.4:9.5H 7.9+0.2 9.440.4 240+64 -— —_— 17 100.0
6.4-2 16.64+0.3 7.9+0.2 9.340.5 256+83 - —— 9 100.0
3.6-1 16.640.3  7.840.1  9.3+0.3 209453 - — 17 73.3
3.6-2 16.5+0.4  7.940.1 9.3+0.3 198+43 -— — 13 100.0
2.0-1 16.4+0.3  7.9+40.2 90,3+0.3 126453 ——— -— 17 5343
2.0-2 16.5+0.4  7.8+0.1 8.740.5 117451 —~—— - 17 1343
0.0-1&-2 16.540.3 7.9+40.2 9.3+0.3 25+25 -~ _— 34 0.0

®Mean + SD.



APPENDIX -B-8,

€01

Test series DSR-4 Effluent type _UnCl Test organism GS
Diluted +
Concentration Temp. D.0. TRC Nua + NHB NHB No. Mortality
(%) (c) pH (mg/L)‘~ ng/L) _(mg/L) SEE/L) Obse (%)
a
100.0"1 1802i1.0 7¢ 7_";0.1 8.9_"'_’_0.3 00-_}_0 - - - 17 0.0
100.0-2 17.41‘_0.5 7‘810.2 9.0_t0.2 00:0 - - - - 17 0.0
' 56.0-1 17.440.4  7.940.1  9.040.2 0040 - — 17 0.0
56402 17.640.6  7.8+0.1  9.0+0.2 00+0 --- —— 17 0.0
32-0-1 17.8:0.6 7.8:_0.1 9.0_“;0.2 00_-_!-_0 - - - - 17 0.0
32.0-2 17.340.4  7.840.1  9.140.3 0040 --- —— 17 6.7
18.0"1 17.610.4 7.810.1 901:0.3 00"_"_0 - - - - 17 60 7
18.0-2 17.440.4  7.940.1  9.240.2 0040 - —— 17 0.0
10.0-1 17.5_";0.5 7.91002 9.1_‘._'.003 001'0 el i - 17 0.0
10.0"2 170210-4 7.910.2 9.2;"_0.3 0010 - o - 17 0.0
0.0-16-2 17.340.4  7.940.2  9.240.3 20413 —-- — 34 3.3

“Mean + SD.
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APPENDIX - B-8.

~ Test series _DSR-5 Effluent type EC1 Test organism GS
Diluted +
Concen}ration Temp. ] D.O. TRC 4 + NH NH3 No. Mortality
(%) (c) pH (mg/L)  (ug/L) (mg/L) (ug/L) _Obs. (%)
= — , ,
10.0-1 17.340.4 7.9+0.1 - 9.5+0.2 902+389 —— -—— 5 100.0
10.0-2 17.?:9.3 7.8+0.1 9.440,.2 960+437 -— ——— 5 100.0
5.6=1 17.340.3 7+9+0.1 9.440.3 480+164 -——- -——— 5 100.0
5.6"‘2 17‘3"_"_0.4 7.8_";0.1 9.4"_‘_"001 5581187 hadadd - 5 100.0
3.2-1 17.2+0.3 7.8+0.1 9.3+0.1 259+58 ——— ——- 9 100.0
3.2“2 17.110.3 7.8_"&.1 9.31002 3461111 hddad - - 5 100.0
1.8-1 17.440.3  7.940.1  9,240.2 156340 - — 17 60.0
1.8-2 17.3+40.3 7.84+0.1 9.1+40.2 135+32 ——— —— 17 6e7
1.0"‘1 17.4i0.3 7.810.1 9.2"_"002 74;"_19 - - - 17 2607
1.0-2 17.3+0.3 7.940.1 9.3+0.2 99+21 ——— - 17 0.0
000-1&"2 17.4:0.4 7.810.7 90210.3 20_'!'_15 —— - 34 6.7

aMean_-t-SD.
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APPENDIX - B-8,

Test series DSR-6 Effluent type DOHCl Test organism GS
Diluted + -
Concentration Temp. D.0. TRC NH4 + NH3 3 No. Mortality
R ¢ ) (c) pH (mg/L) __ (ug/L) (mg/L) (ug/L) _ Obs. (%)
a
20.0-1 16.940.6 7.740.1 9¢4+0.1 7224206 ——— -—— 5 100.0
20.0-2 16.940.6  7.640.1  9.4+40.1 7944199 -—- ——— 5 100.0
11.2-1 17.140.5 7.840.1  9.440.6 388456 -— -— 5 100,0
11.2-2 16.9:0.5 7.7_‘!‘_0.1 9-4i0.1 3791112 Edadd - 9 100.0
6.4~1 16.740.6  7.8+0.1 9e440.1 258+40 —_— - 9 100.0
6.4-2 16.940.5 7.8+0.1 9.440.2 274462 ——- -— 9 100.0
3.6-1 17.Lip.3 7.940.1 9.3+0.2 168+35 — -—- 17 90.0
3.6-2 16.94¢0.4 7.940.1 9.3+0.2 174+29 -—— - 16 88.2
2.0-1 17.1+0.4 7.940.1 9.3+0.2 126425 -—- —- 17 33.3
2.0-2 17.1-“_'_0.4 7.910.1 9.310.2 112128 - o - b 17 9.1
000-1&"2 17.1;“_0.4 7.81‘_0.1 9.2_‘_"0.2 20_“';30 hudtnd hadad s 34 6.7

a]‘leﬂn i SD,



APPENDIX B-9 EFFLUENT TOXICITY AND QUALITY DATA FOR ROSS VALLEY WTP
APPENDIX - B-9,

90T

Test series _ RV-1 . Effluent type UNCL Test organism GS
Diluted + NH
Concentration Temp. D.0O. TRC NH4 + NH3 3 No. Mortality
(%) ' (c) pH (mg/L) (ug/L) (mg_/l_.) __(ug/L) oObs. (%)
a
100.0-1 18.040.8  7.8+0.1 8.1+0.6 0+00 17.50+1.86 442+100 17 6.7
100.0-2 17.840.6  7.840.1  8.340.5 0+00 17.0141.94 4394102 17 0.0
56.0-1 17.340.6  7.740.1 844+0.5 0+00 7.03+1.82 156+41 17 0.0
56.0-2 17.640.7  7.8+0.1 8.4+0.4 0+00 7.11+1.96 206+10 17 0.0
32,0-1 17.440.9  7.740.1  8.740.5 0+00 3.59+1.41 81434 17 0.0
32.0-2 16.8+0.4  7.740.1 8.8+0.4 0+00 4,16+0.77 95+27 17 0.0
18.0-1 17.140.7  7.740.2 9.0+0.4 0+00 3.41+1.16 76439 17 0.0
18.0-2 16694+0.7  7.740.2 9.1+0.4 ’ 0+00 2.73+0.78 54+28 17 0.0
10.0-1 16.940.7 7.740.2 9.0+0.4 0+00 1.21+0.38 27+16 17 0.0
10.0-2 16.7+0+s6  7.7+0.2 9.1+0.4 0+00 1.26+0.32 26+15 17 0.0
0.0-1&-2 16.440.5 7.940.4 9.2+0.4 10+7 <0.10+0.00 <140 34 0.0

<

aMean hd SD.
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APPENDIX - B.9,

Test series RV-2 Effluent type EC1 Test organism GS
Diluted +
Concentration Temp. D.O. TRC NH4 + NH3 NH3 No. Mortality
(%) (C) pH (mg/L) (ug/L) (mg/E).' _(ug/L)  Obsa (%)
a
10.0-1 16.240.4  7.5+0.1 9.240.5 720+575 1.42+0.20 1745 5 100.0
10.0-2 16.140.5 7.5+0.1 9.0+0.7 7904655 1.46+0.13 16+5 5 100.0
5.6-1 16.5¢0.8  7.5+0.1 9.0+0.6 320+193 0.68+0.14 1045 5 100.0
5.6-2 16.140.4  7.440.2 8.0+1.6 396+300 0.65+0.05 7+3 5 100.0
3.2-1 16.7+0.9 7.7+0.2 9.2+0.4 169+135 0.40+0.06 8+4 17 93.3
3.2-2 16.540.7 7.640.2 9.2+0.4 106+38 0.45+0.09 9+4 17 6.7
1.8-1 16.7+0.9  7.6+0.2 9.2+0.4 105+73 0.26+0.05 5+2 17 0.0
1.8-2 16.6+0.8 7.740.2 9.2+0.5 93467 0.37+0.10 743 17 25.0
1.0-1 16.6+0.7 7.640.2 9.240.4 43422 0.18+0.03 3+1 17 0.0
1.0-2 16.640.9 7.6+0.2 9.2+0.4 68+43 0.18+0.04 3+2 17 0.0
0.0-1&-2 16.7+0.8 7.8+0.3 9.240.3 20+10 <0.10+0.00 <1+l 34 0.0

®Mean + SD.
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Test series RV-3 Effluent type DOHCl Test organism GS
Diluted +
Concentration Temp. D.0. TRC NHA * NH3 NH3 No. Mortality
(%) ©) pH (mg/L) (ug/L) (mg/L) (ug/L)  Obs. (%)
- ——
25.0-1 16.740.7 7.5+0.1 8484043 526+56 3.65+1.78 50+20 5 100.0
25,0-2 16.6+0.6  7.6+0.2 8.8+0.5 484+104 3.71+2.07 56+32 5 100.0
14,0-1 16.8+0.8 7.640.1 8481044 252+45 1.91+0.96 28417 5 100.0
14.0-2 1646+0.7 7.540.2 8.8+0.5 230462 2.10+1.06 2749 5 100.0
8.0-1 16.640.6 7.6+0.2 9.1+0.3 158428 0.9840.50 16410 13 100.0
8.0-2 16.540.6  7.6+0.2 9.140.4 188+50 1.09+0.37 1749 13 100.0
4.5-1 16.640.6 746402 9.1+0.3 95+32 0.70+0.26 12+7 17 33.3
4.5=2 1646408 7.6+0.2 9.1+0.3 125+30 0.76+0.16 13+5 17 40,0
2.5-1 16.640.6 7.6+0.2 9.1+0.3 51+20 0.4240.14 6+3 17 0.0
2.5-2 16.540.7 7.6+0.2 9.1+0.4 62+21 0.31+0.10 543 17 0.0
0.0-1&-2 16.4+0.5 7.6+0.2 9.1+0.4 20+7 <0,10+0.00 <140 34 0.0

“Mean + SD.
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Test series RV-4 Effluent type _ UnCl Test organiem ______ GS _
Diluted +
Concentration Temp. D.0O. TRC NH4 + NH3 NH3 No. Mortality
(%) ‘ (c) pH (mg/L) _ (ug/L) (mg/L) (ug/L) Obs, (%)
a ) T )
100.0-1 18.540.8  7.840.1  7.840.5 000 17.06+5.74 5514164 17 13.3
100.0-2 17,3407  7.940.1  8.640.5 00+0 15.64+45.25 5324163 17 0.0
56.0-1 17.8+0.9  7.8+0.1  8.440.6 0040 8.39+42.35 2214103 17 0.0
56.0-2 17.240.6  7.840.1  8.6+0.4 000 8.37+2.69 211491 17 0.0
32.0-1 17.740.8  7.840.1  8.840.4 0040 4.09+1.36  146+73 17 0.0
32.0-2 16.940.6  7.940.2  8.940.3 00+0 3.99+41.46  135:99 17 0.0
18.0-1 17.440.8  7.940.2  9.040.4 000 4.03+1.29  135+64 17 6.7
18.0-2 17.140.6  7.940.2  9.040.3 00+0 4.03+¢1.15 135481 17 0.0
10.0-1 17.240.6  7.940.2  9.1#0,3 0040 1.57+0.66 64+46 17 0.0
10.0-2 16.840.6  7.940.2  9.140.3 0040 103340447 57438 17 0.0
16.940.5  7.940.3  9.2+0.2 2049  <0.1040.00 <140 34 0.0

0.0-1&-2
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Test gseries RV-5 Effluent type _ EC1 Test organism GS
Diluted +
Concen}ration Temp. D.O. TRC NHQ * NH3 NH3 No. Mortality
_ (%) (c) pH (mg/L) (ug/L) (mg/L) (ug/L)  Obs. (%)
= S
15.0-1 16.540.1 8.0+0.2 9.5+0.3 808+226 1.5340.37 64442 5 100.0
15.0-2 16.540.2 8.0+0.2 9.4+0.3 910+300 1.52+0.33 57+29 5 100.0
8.4-1 16.540.1 8.0+0.2 9:540,3 448+144 0.89+0.21 34421 5 100.0
842 16.440.2  8.040.2  9.540.3  460+144 1.15+0.37 46427 5 100.0
4.8-1 16,6+0e4  8.0+0.1 9.4+0.3 225461 0.54+0.09 19+¢11 8 100.0
4,8-2 16.4+0.3  8,0+0.1 9.340,3 238+69 0.53+40.11 1948 9 100.0
2.7-1 16.7+0.6  8,040.1 9.340.2 129+46 0.37+0.09 13+4 16 66.7
2.7-2 16.6+0.5 8,0+0,1 9.340.2 109+43 0.36+0.04 13¢5 16 6e7
1.5-1 16.5+0.5 8.0+0.1 9.2+0.3 71+20 0.30+0.05- 14+5 16 0.0
1.5-2 16,6405 8,0+0.2 9,340.3 87424 0.27+0.04 10+5 16 0.0
0.0-1&"2 16.6;"_0.3 8.0i002 964_“'_'0.3 3017 <O.10i0.00 <1'_|'_O 34 0.0

AMean + SD.
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Test series RV-6 Effluent type DOHCl Test organism GS
Diluted *
Concentration Temp. D.O. TRC NH4 + NH3 NHB No. Mortality
(%) (c) pH (mg/L) (ug/L) (mg/L) (ug/L) _ Obs. (%)
= - — L i
25.0-1 16.6+0.3 7.94051 9,1+0.6 438+214 2,1140.98 61+29 5 100.0
2540-2 16.4+0,3 749+0,1 809+0.5 366+147 1.81+0.76 52+15 5 100.0
14,0-~1 16.540.5 7.940.1 9,0+0.4 221+86 1.55+0,50 54+28 13 100.0
14.0-2 16454043 7.9+0.2 9.3+0.2 214479 1.3240.67 40+2 5 100.0
8.0-1 16.5+045 7.9+0,1 9,1+0.3 136+33 1.15+0,28 39+22 16 73.3
8,0-2 16.5+0.3 7.940,1 9.,240,2 151+41 1.13ib.19 43+14 16 86.7
4,5-1 16.5+0.4  7.940.1 9.1+0.3 91+19 0.88+0.16 34419 17 20,0
4e5-2 16,6+045 7.9+0,2 9.,240.2 101+26 0.84+0,10 32417 17 13.3
2.5-1 160440.4 7.940.2 9,1+0.3 56+15 0.69+0,20 25+17 17 0.0
205-2 16.51'005 709_'*;0.2 902'_"_0.3 Sgilll' - - - . 17 0.0
0.0-1&-2 8,0+0.2 9.3+0.4 25+10 <0,10+0.00 <140 34 0.0

16,4+0.2

%ean + SD.
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