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SUMMARY AND CONCLUSICNS

The Metropolitan Water Reclamation District of Greater
Chicago (District) conducts whole effluent vtoxicity (WET)
tests on effluent samples from its seven water reclamation
plants (WRPs). The Illinois Environmental Protection Agency

(IEPA) has made conducting WET. tests with the fathead minnow

Pimephales promelas a special condition of certain District
National Pollutant Discharge Elimination Systeml(NPDES) per-
mits. |

The United States Environmental Protection Agency (USEPAR)
has published test methods (USEPA, 1993) for conducting WET
tests which the District follows for its NPDES permit related
biomonitoring work.

The USEPA specifies that acute fish toxicity tests with
Pimephales promelas be conducted with test organisms 1- to 14-
days old. The USEPA does not identify a specific age of test
organism as optimal for toxicity testing. ~ No studies have
been published by the USEPA showing age dependent differences
in the sensitivities of fish, in the 1- to 1l4-day age range,
to various toxicants. Nor have any studies been published by
the USEPA showing that laboratory precision is not related to
the age of the test organisms in the 1- to l4-day range. This
study was undertaken to determine:

1. Whether age of Pimephales promelas affects its

survival response when exposed to toxicants.

xXvi



2. Whether age of Pimephales promelas affects
variability associated with its survival re-
sponse when exposed to toxicants. |

In this study the results of 48-hour acute toxicity tests

separately conducted with 1- to 2-, 3- to 4-, 7- to 8-, 1ll- to
12-, and 13- to l4-day old fish and the reference toxicants
potassium chloride (KCl), sodium lauryl sulfate (8DS), and XCl
+ SDS were compared. :

The specific conclusions drawn from this study are enu-

merated below.

1. Standard analysis of variance (ANOVA) indi-
cated that the mortality rates of 1- to 2-day
old fish exposed to either of the ‘toxiéants
¥Cl1 or 8DS, individually, are significantly
lower than the mortality rates of 3- to lid-day
old fish exposed to these toxicants (p =
G.05). These results suggest that the 1- to
2-day old fish are less sensitive to -the indi-
vidual toxicants KC1l and SDS than 3- to 1l4-day
old fish.

Gtandard ANOVA indicated that there are 1o

%)

‘statistically significant differences in the
mortality rates of 1- to 2-, 3- to 4-, 7- to
8-, 11- to 12-, or 13- to 1ld-day old age
groups of fish exposed to the KC1 + SDS toxi-

cant combination.

xvii



Mean LC,, values for 1- to 2-day old age groups
of fish exposed to the toxicants KC1 and SDS
individually, and the XCl + SDS combination
are all numerically higher than the mean LC,,
values for 3- to 4-, 7- to 8-, 1l1- to 12-, or
13- to l4-day old age groups of fish exposed
to these toxicants. These results suggest
that the 1- to 2-d5y oid fish are less sensi-
tive to the individual toxicants KCl, SDS, and
the KCl1 + SDS combination than 3- to 1l4-day
old fish. However, standard ANOVA indicated
that these differences are not.étatistically
significant.

Statistical analysis using a cross-validation
method to select a regression model of LC,, as
a function of age indicated that it was appro-
priate to analyze the LC,, data for both the
KCl and the SDSvdata sets using a model with
fewér age levels, specifically, the 1- to 2-
day age group versus the rest of the age
groups combined. In the case of KCl the re-
sults of a parametric two sample analysis
showed that the expected LC,, value for 1- to
2-day old fish was significantly higher than
the expected LC,, value for 3- to 1l4-day old

fish (p = 0.0225). 1In the case of SDS the re-
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sults of a nonparametric two sample analysis
showed that the expected LC, value for 1- to
Z-day old fish is significantly' higher than
the expected LC,, value for 3- to . l4d-day old
fish (p = 0.021). In other words, results of
the two sample statistical analyses, which are
in agreement with the analyses of the mortal-
ity data cited abo&e, indicate that the 1- to
2~day old fish are less sensitive to the indi-
vidual toxicants KCl and SDS than 3- to l4-day
old fish.

These results are consistent with those of
Markle et al. (2000) who reported that the LC,
values of 4-, 7-, 10-, and 1l4-day old fish
(Pimephales promelas) were significantly lower
than those of 1l-day old fish in Cr* and SDS
toxicity tests. These findings, from the pre-
sent study, and the Markle et al. study, sug-
gest that the USEPA should revise the promul-
gated method for acute WET tests with
Pimephales promelas (USEPA, 1993) and elimi-
nate 1- to 2-day old fish from the currently
allowable age range of 1- to 1l4-day old fish
because it has been shown that the 1- to 2-day
old fish are less sensitive to certain toxi-

cants, i.e., KCl, SDS, and Cr®, than the older
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fish in the allowable age range, ife., 3- to
1l4-day old fish. Elimination of the 1- to 2-
day old fish from the allowable age range
would thus reduce the variability associated
with acute Pimephales promelas WET teéts. This
would make the results of these tests more re-
liable. This is important to both the regula-
tor (USEPA) and the regﬁlated community (NPDES
permit holders) in that it will help to ensure
that both parties can have confidence in the
WET test results from a sample, independent of
the laboratory performing the tést, provided
that proper testing procedures were employed{

Coefficients of wvariation (CV) for all tests
conducted with KCl, SDS, and the KCl + SDS
toxicant combination were 11.0, 11.0, and 13.8
percent, respectively. These values are rela-
tively low compared to the intra-laboratory
precision for acute WET tests with fish ré—
ported by other laboratories. The USEPA re-
ported CV values for acute WET tests with fish
as high as 120 percent (USEPA, 1993). More
recently the USEPA reported an interim CV of
16 percent for acute WET tests with fish
(USEPA, 2000). This interim CV value repre-

sents the median CV observed within 21 labora-



tories, which reported the results  of WET
tests conducted with reference toxicants to
the USEPA. Therefore, the precision of tests
conducted for this study, as judged by the
relatively low CV values of 11.0, 11.0, and
13.8, is good.

CVs for tests conducted with 1- to l4-day clid

o

fish were numerically greater than <CVs for

th
O
s

rests conducted with 3- to l4-day old fish
the toxicants KCl, SDS, and the KCl + SDS com~
bination. However, these differences were rnot
statistically significant at tﬁe 0.05 level
for KCl1 + SDS. No statistical conclusions
could be drawn about differences in the aver-
age CVs across the age groups for the tests
conducted with SDS alone, because the LC, data
waere not normaliy distributed, and there is no
nonparametric test for homogeneous variance.
These results suggest that LC,, data generated
using the 1- to 2-day old fish are more vari-
able than the LC,, data generated using 3- to
l4-day o0ld fish. These results were consistent
with those of Markle et al. (2000) who found
the response of 1l-day o0ld fish to the toxi-
cants Cr™, NaPCP, SDS, and NH, to be more vari-

able than 4- to l4-day old fish to these same

xXxXi



toxicants. These findings (in the present
study and by Markle et al.) suggest that the
variability associated with acute fish WET
tests, as measured by CV wvalues alone, could
be reduced by eliminating 1- to 2-day old fish
from the current allowable age range of 1- to
l4-day o0l1d fish (USEPA, 1993) and that the
USEPA should revise thé promulgated method for
acute WET tests with fish (USEPA, 1993) and
exclude the use of 1- to 2-day old fish from
the allowable age range of 1- to 1l1l4-day old
fish. | |
In summation, the results of this study show that the
mortality rates of fish exposed to either KCl alone or SDS
alone are affected by age, i;e., the 1- to 2-day old fish are
less sensitive to the individual toxicants KCl and SDS. The
mortality rates of fish exposed to a KCl + SDS toxicant cém—
binations were not affected by age in this study. When the
mortality rate data were converted to LC,, data, the results
of standard ANOVA indicated that the LC,, values of fish ex-
posed to the toxicants XCl alone, SDS alone, or XKCl1 + SDS
were not affected by age. However, more sophisticated sta-
tistical analyses based upon a cross validation method indi-
cated that the LC,, values of fish exposed to either KCl1 alone
or S8SDS alone are affected by age, i.e., the 1- to 2-day old

fish are less sensitive to the individual toxicants KC1 and
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SD3, while the LC,, values of fish exposed to the KC1 + SDS
toxicant combination were not affected by age in this study.
The results of the more sophisticated statistical aﬂalyses.
conducted on the LC, déta are in agreement with the statisti-
cal analyses conducted on the mortality rates, and suggest
that rhe data set may be too small to identify the effect of
age on LC,, values using standard ANOVA. These results indi-
cate that 1- to 2-day old fish ére less sensitive to the in-
dividual toxicants KCl and SDS.

The results of this study, as well as those reported
by Markle et al. (2000), suggest that the variability associ-
ated with acute fish WET testé, as meaSured. byr Cv wvalues
alone, could be reduced by eliminating 1- to 2-day olé fish
from the allowable age range of 1- to l4-day old fish (USEPA,
1993) and that the USEPA should revise the promulgated method
for acute WET tests with fish (USEPA, 1993) and exclude the
use of 1- to 2-day old fish from the allowable age range of 1-
to léwday old fish.

The results of this study are consistent with some of
those reported by Markle et al. (2000), who concluded that the
age of organisms used for testing needs to be selected and/or
specified to the laboratory conducting the bioassay in order
to ensure uniform sensitivity and maximize precision.

The results of this study indicate that fish age as a
cause of inter- and intra-laboratory wvariability has not been

sufficiently addressed by the USEPA in the publication of
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standard methods for conducting WET tests with Pimephales

romelas (USEPA, 1993). The results of this study also sug-
gest that the USEPA should not rely upon the simple comparison
of CV values to express precision. Better ways to measure in-

ter- and intra-laboratory precision should be investigated.
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INTRODUCTION

[
Biomonitoring in the District
The District conducts WET tests on effluent and upstream
receliving water samples from its seven WRPs. The IFPA has

made conducting WET tests with the fathead minnow Pimephales

promelas a special condition of certain District NPDES per-
mits. The District submits biomonitoring reports to the IEPA
to meet the.requirements of the NPDES permits. The results of
WET tests are also used by the District in its. own programs to
assess the effectiveness of WRP operations. Acute WET tests
for use in the NPDES Permit Program to identify-was;ewater
treatment plant effluents containing toxié materials in toxic
concentrations have been described by'the USEPA (1993). The
District uses the USEPA methods as specified in its NPDES per-

mits.

Participation of the District in NPDES Discharge Moni;g;ing
Report - Quality Assurance Program

The USEPA and related state agencies conduct the NPDES
Discharge Monitoring Report - Quality Assurance (DMR-QA) Pro-
gram for NPDES permittees who must conduct WET tests on their
effluents as specified in their permits. Participation of
NPDES permittees in this program, including proper analyses,
reporting and record retention, is mandatory based on the
authority of Section 308(a) of the Clean Water Act. The TEPA

has included acute WET testing of District effluents with the



fathead minnow, Pimephales promelas, in District NPDES permits

under special "biomonitoring conditions.” The District must,

therefore, conduct acute WET tests with Pimephales promelas in

DMR-QA toxicity studies.

Description of DMR-QA Toxicity Program

The DMR-QA Toxicity Program is administered by the Toxic-
ity Coordinator in the USEPA Office of Wastewater and Compli—
ance. Permittees order unknown toxicants and receive study
instructions from the USEPA contractor for the DMR-QA Toxicity
studies. The permittees then prepare "simulated effluent sam-
ples with the unknown toxicants and have acute WET tests con-
ducted on these samples. The permittees réport the results of

toxicity tests to the USEPA contractor.

Determination of Acceptable Results for DMR-OA Studies

The USEPA contractor identifies a "true" value and an ac-

ceptable range of values for a particular test based upon a
statistical bi-weight analysis of results submitted by all
laboratories pérticipating in the study. Results falling out-
side of this range are considered unacceptable. Laboratories
which submit results judged to be unacceptable must prepare a
response to their siate EPA coordinator and demonstrate that

corrective action has been taken.



Variability Associated with Pimephales promelas
Acute Toxicity Tests

Although WET testing is a valuable tool, interpretation
of results are often complicated by wvariability associated
with the tests. In particular, the problems associated with
false positive results (Type I errors) and "unacceptable re-
sults* due to both inter- and intra-laboratory wvariability are
possiklie and have not been sﬁfficﬁently addressed (Dhaliwal et
al., 1995: Warren-Hicks et al., 1999; Moore‘gi; al., 2000).
Positive WET tests on a WRP effluent could trigger expensive
efforte to identify the source of the toxicity and ways to
éliminate 1t. If the test results responsible for initiating
an investigation are not due to toxicity but to wvariability,

valuable resources will be wasted addressing a "toxicity prob—'
lem" that does not exist. The reporting of "unacceptable val-
ues" for a DMR-QA Study due to variability would also lead to

a waste of resources, Therefore, sources of wvariability must
be considered when toxicity data are evaluated.

A number of sources contributing to acute toxicity test

variability have been identified. These include undefined
variability associated with: 1) a particular method, 2} the
test species, and 3) the analyst (Burton et al., 193%5:. An-

other =source of variability may be the age of test organisms

used for a test.



The USEPA method for conducting acute toxicity tests with
Pimephales promelas specifies that fish ranging in age from 1
to 14 days old be used (USEPA, 1993). In the District’s Bio-
monitoring Laboratory acute toxicity tests with Pimephales
promelas ranging in age from 1 to 14 days old are conducted on

District effluent samples, and on "simulated effluent" samples

for the DMR-QA studies.



OBJECTIVES

The overall objective of this study was to determine
whether there is a relationship between the response of
Pimephales promelas to acute toxicants, and the age of the
Pimephales promelas used in the test. The specific cbjectives
in the initial phase of this study were: 1) to determine
whether age of Pimephales promelas exposed to reference toxi-
cants in the 48-hour acute toxicity test affecté the survival
response (LC,), and 2) to determine whether age affects the

variability associated with the survival response of

Pimephales promelas organisms exposed to reference toxicants
in the 48-hour acute toxicity test
at a later date, this study may be expanded to determine

whether age affects the survival response of Pimephales prome-

las exposed to WRP effluent or receiving water in the 48-hour
acute toxicity test, and to determine whether age affects the
variability associated with the survival response of
Pimephales promelas organisms exposed to WRP éffluent or re-

ceiving water in the 48-hour acute toxicity test.



EXPERIMENTAL APPROACH

The experimental approach consisted of the following:

1. The 48-hour, acute, static, non-renewal
Pimephales promelas biocassay was conducfed with
organisms in the age ranges of 1 to 2 days, 3 to
4 days,'7 to 8 days., 11 to 12 days, and 13 to
14 days using the reference toxicants KC1,
‘SDS, and a mixture of KC1 } SDS. Theee toxi-
cants are often used by the USEPA in intra-
and inter-laboratory precision studies (USEPA,
1993).

2. The data were analyzed statistically to deter-
mine whether the age of the test organism af-
fected the survivability, LC,,, and/or vari-

ability of the test results.



MATERIALS AND METHODS

Pimephales promelas Cultures

A stock culture of the fathead minnow, Pimephales prome-
las, was purchased from Aguatic Research Organisms {ARO),
Hampton, New Hampshire. ARO maintains a quality assurance
program which includes heélth monitoring (inspections twice a
year by a certified independent .outside laboratory) and per-
formance evaluation of organisms through the usé of standard
reference toxicants. The culture obtained from ARO has been
maintained and used to stock breeding tanks in the District’s
Biomonitoring Laboratory.

Methods for culturing fa;head ‘minndws outlined by the
USEPA {(1993) were followed. All fathead minnows were cultured
in aerated tap water in the District’s Biomonitoring Labora-
tory. Four 29-gallon stock tanks and 16 10-gallon breeding
tanks were maintained to provide a‘sufficient number of test
organisms for this study. Larvae were maintained in 10-gallon
tanks in 24 L of culture water. Solid organic wastes were re-
moved, and water in all stock and rearing tanks was changed
daily., 50 to 70 percent for each water change. Water 1in
breeding tanks was changed and solid organics removed only af-
ter eggs were harvested.

Automatic aquarium heaters (Visithernm, Aguarium Systems,
Mentorn:, Ohic) were used to maintain water temperatures at 25 +

1°C in all tanks. Undertow™ under gravel filters (Penn-Plax,



Inc., Garden City, New York) were used in all stock and breed-
ing tanks. Sponge filters (Dirt Magnet™, Jungle Laboratories
Corporation, Cibolo, Texas) were used in all larval holding
tanks. The dissolved oxygen concentration in the water in all
tanks was malintained near saturation by continuous aeration.
Air was supplied with Quincy ORD 15 oil-less compressors
(Quincy Compressor Division n@del number QRDS150-240, Collec

Industries, Quincy, IL) fitted with Quincy filter elements

(Quincy model number 110377E100). Bubble Wallgm (Penn‘Plax)‘
were used for aerating stock and larval holding tanks. Air
stones (Top Fin™, Pacific Coast Distributing, Inc., Phoenix,

‘Arizona) were used for aerating all breeding tanks.

Minnows in stock and breeding tanks were fed alternately
TetraMin and TetraFin flake food (Tetra Sales, Blacksburg,
Virginia) five to seven times per day or as much as would be
eaten each workday. They were fed twice on Sundays. No féed—
ing occurred on Saturdays. Minnows in stock and breeding
tanks were also fed frozen brine shrimp (Fish King, Chicago,
Illinois)_one to two times per day (except Saturdays). Larvae
were fed brine shrimp hatched from brine shrimp eggs (Argente-
mia, Argent Chemical Laboratories, Redmond,‘Washington) one to

two times per day (except Saturdays).

Preparation of Laboratory Control and Dilution Water

Hard synthetic water with trace nutrients added was used

as the laboratory control and dilution water for biocassays.



Hafd synthetic water was chosen because it approximates the
receiving waters in the District. It was prepared as outlined
by the USEPA (1993) as follows. Laboratory tap water was pu-
rified with a Millipore Elix 10 water purification system,
(Millipore Corp., Bedford, Massachusetts) and subsequently
filtered through a Millipore Miili-Q® water purification sys-
tem. The following reagent grade chemicals were then added to
purified water to make hard synthétic water: 192.0 mg NaHCO,/L,
120.0 mg CaS0,-2H,0/L, 120.0 mg MgsoO,/L, and 8.0 mg KCl/L. TwOo
hundred fifty (250.0) ng Na,EDTA-2H,0/L, and the following 14
trace nutrients (Elendt and Bias, 1990) were added to the hard
synthetic water to prepare the control water: 99.6 npg FeS0,-7
H,0/L, 286.0 pg HBO,/L, 36.1 ug MnCl,-4H,0/L, 30.6 ug LiCl/L,
7.1 upg RbCl/L, 15.2 nug SrCl,-6H,0/L, 1.6 nug NaBr/L, 6.3 ug
Na,McO,-2H,G/L, 1.7 mng CﬁClz-ZH;J/L, 1.3 pg ZnCl,/L, 1.0 ug

CoCl,-6H,0/L, 0.3 ug KI/L, 0.2 ng Na,Se0,/L, and 0.1 ng NH\VO,/L.

Preparation of Toxicant Solutions

hg stated previbusly, KCl + SDS were chosen as the toxi-
cants for this study, as they are often used for toxicant
testing. KC1 (SigmaUltra) and SDS (SigmaUltra) were purchased
from Sigma Chemical Company, St. Louils, Missouri. Test solu-
tions were prepared by making dilutions of stock solutions of
toxicants in laboratory control water. A stock solution con-
. taining 20,000 mg KCl/L was prepared weekly for tests by dis-

solving 20,000 mg of KCl in a quantity of laboratory control



water sufficient to make 1.0 L. The following concentrations
of KC1, in mg/L, were tested: 1,500, 1,250, 1,000, 500, and
250 (Tablé 1). A stock solution containing 400 mg SDS/L was
prepared weekly for tests by dissolving 400 mg SDS in a guan-
tity of laboratory contreol water sufficient to make 1.0 L.
The following concentrations of 8DS, in mg/L, were tested:
40, 35, 30, 20, and 10 (Table 2). A stock solution containing
15,000 mg/L KCl and 35 mg/L SDS x:vas prepared weekly for tests
by dissolving 15,000 mg XCl and 35 mg SDS in a quantity of
laboratory control water sufficient to make 1.0 L. The fol-
lowing concentrations of KCl + SDS mixture were tested: 1500
mg KC1/L + 35 mg SDS/L, 1250 mg KC1/L + 29 mg SDS/L, 1000 mg
KC1/L + 23 mg SDS/L, 500 mg KCl/L + 11.66 mg SDS/L, and 250 mg

KC1l/L + 5.83 mg SDS/L {Table 3).

Toxicity Tests

The Fathead Minnow, Pimephales promelas, Acute Toxicity
Test (48-hour, static, non-renewal) was conducted with the

toxicants KC1l, SDS, and a mixture of KCl + SDS using the pro-

cedure specified by the USEPA (1993). Test conditions are
presented in Tables 4, 5, and 6. Monthly quality assurance

Fathead Minnow, Pimephales promelas, Acute Toxicity Tests (96-

hour, static, non-renewal) with the reference toxicant NacCl

10
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 1

PREPARATION OF KC1 TEST SOLUTIONS

Concentrated Solution Laboratory Total Volume Test Concentrations
of KC1' Control Water Prepared of KC1
(mL:) (mlL) (L) (mg KC1/L)
300 2700 3 1500
250 2750 3 1250
200 2800 3 1000
100 2900 , 3 500
50 2950 3 250.
'This concentrated solution contained 15,000 mg KC1l/L. It was prepared fresh weekly

and used to make the test solutions.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 2

PREPARATION OF SDS TEST SOLUTIONS

Concentrated Solution Laboratory _ Total Volume Test Concentrations
of sps’ Control Water Prepared of SDS
(mL) (mL) (L) {mg SDS/L)
300 2700 3 - 40
262.5 2737.5 3 35
225 2775 3 30
150 2850 _ 3 20
75 2925 3 10

'This concentrated solution contained 400 mg SDS/L. It was prepared fresh weekly and
used to make the test solutions.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 3

PREPARATION OF KC1 + SDS (MIXTURE) SOLUTIONS

Concentrated Solution Laboratory Total Volume Test Concentrations
of XCl + sps’ Control Water Prepared of KC1l + SDS
(mLi) (mL) (L) (mg KC1/L + mg SDS/L)
300 2700 3 1500 + 35
250 2750 3 1250 + 29
200 2800 3 , 1000 + 23
100 2900 l 3 500 + 11.66
50 2950 3 ) 250 + 5.83

'"This concentrated solution contained 15,000 mg KCl/L + 350 mg SDS/L.

It was prepared

fresh weekly and used to make the test solutions.



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 4

TEST CONDITIONS FOR ACUTE TOXICITY TESTS USING PIMEPHALES
PROMELAS CONDUCTED WITH KC1

10.

11.

12.

13.

14.
15.

le6.

Temperature (°C):

Light quality:
Light intensity:
Photoperiod:

Size of test wvessels:
volume of test solution:

Age of fish (in days) :

No., of fish/0.25 L:

No. of replicate test

vessels per concentration:

Total no. organisms per
concentration:

Feeding regime:

Test chamber cleaning:

Concentrations used
(mg KC1l/L)

Aeration:
Dilution water:

Test duration and type:

14

25 = 1°C

Ambient il lumina-

tion

laboratory

50 to 100 footcandles
laboratory levels)

(ambient

16 hours 1light/8 hours dark-

. less

0.50 L

0.25 L

.1 to 2; 3 to 4; 7 to 8; 11 to

12; 13 to 14
age group)

(24 hour range in

5
4

20

Fish were fed Artemia nauplii
while holding  prior to the
test

Cleaning was not required

1,500; 1,250; 1,000; 500; 250

None
Laboratory control water

48~hour, static,

newal

acute, nonre-



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER. CHICAGO
TABLE 4 (Continued)

TEST CONDITIONS FOR ACUTE TOXICITY TESTS USING PIMEPHALES
PROMELAS CONDUCTED WITH KCL

17. Effect measured: Mortality - no movement'iLCm)
18. Test acceptability: o 90% or more survival in con-
trols '

15



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 5

TEST CONDITIONS FOR ACUTE TOXICITY TESTS USING PIMEPHALES
PROMELAS CONDUCTED WITH SDS

10.

11.

12.

13.

14.
15.

16.

Temperature (°C):

Light quality:
Light intensity:
Photoperiod:

Size of test vessels:
Volume of test solution:
Age of fish (in days):
No. of £ish/0.25 L:

No. of replicate test
vessels per concentration:

Total no. organisms per
concentration:

Feeding regime:

Test chamber cleaning:

Concentrations used
(mg SDS/L)

Aeration:

Dilution water:

Test duration and type:

16

25 ¢ 1°C

illumina-

Ambient
tion

laboratory

50 to 100 footcandles
laboratory levels)

{(ambient
16 hours 1light/8 hours dark-
ness

0.50 L

0.25 L

1 to 2; 3 to 4; 7 to 8; 11 to

12; 13 to 14
age group) -

(24 hour range in

5

4

20

Fish were fed Artemia nauplii

while holding prior to the
test

Cleaning was not required

40, 35, 30, 20, 10

None

Laboratory control water
48-hour, acute, static, nonre-

newal



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 5 (Continued)

TEST CONDITIONS FOR ACUTE TOXICITY TESTS USING PIMEPHALES
PROMEILAS CONDUCTED WITH SDS

17. Effect measured: Mortality - no movement (LC,,)
18. Test acceptability: 90% or more survival in con-
trols '

17



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 6

TEST CONDITIONS FOR ACUTE TOXICITY TESTS USING PIMEPHALES
PROMELAS CONDUCTED WITH A MIXTURE OF XKCl + SDS

10.
11.
12.

13.

14.
15,

16.

Temperature (°C):
Light quality:

Light intensity:

‘Photoperiod:

Size of test vessels:

volume of test solution:

 Age of fish (in days):

No. of fish/0.25 L::

No. of replicate test

vessels per concentration:

Total no. organisms per
concentration:

.Feeding regimé:

Test chamber cleaning:

Concentrations used
{mg KC1l + mg SDS/L)

Aeration:
Dilution water:

Test duration and type:

18

25 = 1°C
Ambient laboratory illumination

50 to 100 footcandles {ambient
laboratory levels)

16 hours 1light/8 hours darkness
0.50 L
0.25 L

1 to 2; 3 to 4; 7 to 8; 11 to
12; 13 to 14 (24 hour range in

age group)

5

4

20

Fish were fed Artemia nauplii

while holding prior to the test

Cleaning was not required

1500 + 35, 1250 + 29, 1000 +
23, 500 + 11.66, 250 + 5.83

None
Laboratory control water

48-hour, acute, static, nonre-
newal



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 6 (Continued}

TEST CONDITIONS FOR ACUTE TOXICITY TESTS USING PIMEPHALEﬁ
PROMELAS CONDUCTED WITH A MIXTURE OF KCl + SDS

17. Effect measured: Mortality - no movement {(LC,)
18. Test acceptability: 90% or more survival in con-
trols

19



were conducted using the procedure prescribed by the USEPA

(1993) .

Chemical and Physical Determinations

Dissolved oxygen, pH, and temperature were measured at the be-
ginning and end of each 24-hour exposure period in all toxi-
cant concentrations and laboratory control water. Alkalinity,
hardness, and conductivity were measured at the beginning and
end of each 24-hour exposure period in the highest toxicant
Coﬁcentration, the middle toxicant concentration, and in labo-
ratory control water. Temperatures in the environmental cham-
bers used for raising cultures and for bioassays were moni-

tored continuously.

Data Quality Criteria

Data quality criteria used for'this study are shown be-

low.

LABORATORY CONTROL AND DILUTION WATER

Laboratory control and dilution water met the following
criteria: Hardness was in the rahge of 160 to 180 mg CaCoO,/L.
Alkalinity was in the range of 110 to 120 mg CaCO,/L. pH was
in the range of 7.6 to. 8.3. Dissolved Qxygehv levels were
greater than or equal to 4.0 mg/L. The laboratory control and
dilution water used was not less than 48 hours old or more

than two weeks o0ld, except for one batch of dilution water

20



which exceeded the two-week criteria. This deviation is dis-

cussed later in this report.

LABCRATORY CULTURE WATER
Laboratory culture water was tap water from Lake Michi-

gan, and dechlorinated by aeration for 24 hours.

PERFORMANCE CONTROLS
Laboratory culture water was used as performance control

water in all tests.

TEMPERATURE OF TEST SOLUTIONS

Test solutions of toxicants, laboratory control water,
and laboratory culture water were warmed to 25 + 1°C in a wa-
terbath before tests were set up, and then maintained in that

range.

TEMPERATURE OF TEST CHAMBERS
The temperature in the test chamber was monitored con-
tinuously. The acceptable temperature of 25 + 1°C for the

test period was maintained.

TEST ORGANISMS

Test organismé weré hatched within a 24-hour period and
originated from at least threé tiles of eggs. The density of
fish fry in cultures was 150 fish fry per liter or less. Test

organisms were fed two hours prior to the setup of tests.
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CHEMICAIL DATA

rThe pH of test solutions in biocassay cups was measured at
the beginning and end of each 24-hour exposure period. The
acceptable pH range is 6.0 to 9.0 and was maintained. Dis-
sclved oxygen levels were measured in bioa;say cups at the be-
ginning and end of each 24-hour exposure period. The accept-
able dissolved oxygen level‘is greater than or egual to 4.0

mg/L and was maintained.

AERATION OF TEST SOLUTIONS
It was not necessary to aerate test solutions ‘during the
course of this study. Dissolved oxygen levels did not fall

below 4.0 mg/L.

LIGHT READINGS

Light readings were recorded daiiy. The acceptable range
 for light intensity is 50 to 100 foot-candles, and was main-

tained.

RANDOMTIZATION

Test organisms were taken from a common pool and distrib-
uted randomly to the test chambers until the required number
of organisms were placed in each. Test chambers were posi-
tioned randomly in holding trays. A computer program in Mi-
crosoft Quickbasic 4.0 was used to simplify and document the
above procedure. The program uses data entry information and

the *Randomize Timer" command to randomly assign the order the

22



fish fry test organisms are added to the test vessels and ran-

domly positioned test chambers.

NUMEBER OF FISH PER TEST CHAMBER

Five fish were put in each test chamber, as previocus ex-
perience in the District’s Bioassay Laboratory has indicated
that this works well. This procedure is also approved by the

IEPA.

TEST ACCEPTABILITY
The criterion for test acceptability was 90 percent or
greater survival of the control test organisms. This was

achisved in all tests.

MONTHLY REFERENCE TOXICANT TESTS
Quality assurance tests with the reference toxicant NaCl
were conducted monthly. These were 96-hour tests. Control

charts were prepared to document ongoing laboratory performance.

Calculation of Mortality Rates

Mortality rates were calculated by dividing the number of
mortalities observed for a treatment by the total number of

fish exposed to the treatment.

Calculation of LC,, Values
LC,, values were calculated using the USEPA Toxicity Data
Analysis Software (USEPA, 1994a and 1994b). Data were first

entered into the Probit Analysis program. If the data were
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rejected or confidence limits were not generated by the Probit
Analysis program, the data were re-entered into the Trimmed

Spearman-Karber Program.

Precision
Precision was described as the percent coefficient 6f
variation or CV of the calculated LC% values (USEPA, 1991 and
1993). (Vs were computed as:the . ratio of the standard devia-
tion divided by the mean expressed as percentége. A non-
parametric analogue to the CV was considered for the case of

SDS. See the Results Section.

Statistical Analvsis

Statistical analyses were‘performed using the following

procedures.

CORRECTION FOR MORTALITY IN THE CONTROLS
Treatment responses for mortality were corrected for con--
trol mortality prior to statistical analysis by using Abbot’s

formula (USEPA, 1993):

where
r = corrected mortality rate
r = calculated mortality rate

' r, = mortality rate of controls
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TESTS FOR NORMALITY AND HOMOGENEITY OF VARIANCE

Corrected mortality rates were tested for normality using
the Shapiro-Wilk test (SAS Imstitute, 1995). Since the as-
sumption of normality was questioned for these data (See Re-
sults Section), the assumption of homogeneity of variances was
not tested. LC,, data were tested for normality using the Sha-
piro-wWilk test (SAS Institute, 1995). Bartlett’'s test for ho-
mogeneity of variance {(Walpole ana Meyers, 1989%9) was performed
on data for which there was no reason to quéstion the assump-
tion of normality.
COMPARISON OF THE SENSITIVITIES OF DIFFERENT AGE GRCUPS TO
TOXICANTS

Standard nonparametric ANOVA was performed on the basis
of corrected ranked mortality data across the five age groups
studied (SAS Institute, 1995). The results of the nonpara-
metric ANOVA were used to perform the Student-Newnan-Keuls
test (SAS Institute, 1995) on multiple comparisons.

Standard parametric ANOVA was performed on normally dis-
tributed data with equal variances (SAS Institute, 1995).
Standard nonparametric ANOVA was performed on data not meeting

these criteria (S8AS Institute, 1995).

TEST FOR EQUALITY OF COEFFICIENTS OF VARIATION (CVs)
No specific test statistics are available to test (Vs for

equality. However, if the LC,, population means are equal and
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the wvariances are equal, it can be concluded that the CVs are
equal. Therefore, CVs were tested for equality as follows.

The LC,, population means across all age groups studied
were tested for normality using the Shapiro-Wilk test (SAS In-
stitute, 1995) and for equal variances using Bartlett’s test
(Walpole and Myers, 1989). Equality éﬁf the LC,, population
means across all age groups studied was tested using standard
paramétric ANOVA'(SAS Institute, 1995) when the assumptions of
normality and homogeneity of wvariance were met, and standard
nonparametric ANOVA (SAS Institute, 1995) when they were not.
When the results of ANOVA (the F-test) showed that population
means are equal (but not =zero), and Bartlett’s test’showed
- that variances are equal, then it was concluded that the CVs
are equal, otherwise the CVs are not equal. The experiment-
wise error rate was controlled as follows. If the signifi-
cance level for the equality of CVs is o and the significance
level for the F-test and Bartlett’s test is o*, then o* is
chosen such that (l-o*)?=1-o. The value of o was set to be
0.05. Therefore o* is approximately 0.025.

It should be noted that if the population meané are une-
qual and population variances are also unequal then the coei-
ficient of wvariations can still be equal. But no statisﬁical

test or tests can confirm it. In this case no decision can be

made regarding the equality of CVs.
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RESULTS AND DISCUSSION
Quality Assurance
Contrcl charts showing the results of monthly quality assur-
ance tests with the reference toxicant sodium chloride are shown

in PFigures 1-4. The results of the tests performed in March

through June 1999, when this study was conducted, all fell within
the limits prescribed as acceptable by the USEPA (1993), that is,
within two standard deviations from the cumulative mean LC, val-

ues.

Data Quality Criteria

A1l data quality criteria specified by the USEPA were met
with the following exception. The acceptable age for dilution wa-
ter specified by the USEPA is 2 to 14 days. However, dilution wa-
ter prepared on March 26, 1999 was used for tests set up on April
12, 14, 19, and 21, 1999. Eight tests were conducted with dilu-
tion water older than the 1l4-day acceptable limit. These tests
were conducted with a dilution water aged within the range of 17
to 26 days.

This deviation did not have a éignificant effect on the test
results. The controls indicated that all 60 tests conducted were
valid.

Tests Conducted with KC1
The LC, values for the tests conducted with KC1 are shown in

Table 7. The complete survival data are shown in Tables
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FIGURE 1

CONTROL CHART FOR ACUTE FATHEAD MINNOW TESTS WITH NaCl,
MARCH 1999
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FIGURE 4

CONTROL CHART FOR ACUTE FATHEAD MINNOW TESTS WITH NacCl,

JUNE 1998
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TABLE 7

RESULTS OF 48-HOUR ACUTE TOXICITY TESTS WITH PIMEPHALES
PROMELAS USING THE TOXICANT KC1’

Age of Fish Mean Date
(days) LC,,’ LC,, Method’ Set Up
1l to 2 1,585.2 P 3/8/99

1,189.6 p 3/17/99
1,239.4 P 3/17/99
1,347.5 P 4/12/99
» (1342.9)
3 to 4 1,131.0 P 3/24/99
1,008.4 P 4/19/99
1,136.8 S 4/21/99
1,350.9 S 4/28/99
(1156.8)
7 to 8 1,148.5 P 3/24/99
"1,176.2 S 4/14/99
1,088.1 P 4/19/99
6 p 4/21/99

1,130.

(1135.9)
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METROPOLITAN WATER RECLAMATION DISTRICT QOF GREATER CHICAGO
TABLE 7 {Continued)

RESULTS OF 48-HOUR ACUTE TOXICITY TESTS WIT_H PIMEPHALES
PROMELAS USING THE TOXICANT KC1'

Age of Fish Mean Date
(days) LC,,’ LC,, Method’ Set Up
11 to 12 1,195.5 P 3/15/799
1,041.5 P 3/22/99
1,285.1 S 4/12/99
1,255.5 : P 4/14/99
1,184.4
13 to 14 1,332.4 P 3/10/99
1,209.3 S 3/15/799
1,076.0 S 5/3/99
1,275.2 S 5/3/99
1,223.2
1 to 14 1,210.6
KCl = Potassium chloride.
LC = Concentration of toxicant in mg/L lethal to 50 percent of test organisms.

LC values were calculated by the Probit Method (P) (USEPA, 1994a). When acute
tox101ty test data did not meet the requirements for use of the Probit Method, LC,,
values were calculated by the Trimmed Spearman to Karber Method(s) (USEPA, 1994b).



AI-1 - AI-20. The mean LC,, values for tests conducted with 1-

to 2-, 3- to 4-, 7- to 8-, 1ll1- to 12-, and 13- to 1l4-day old
fish were calculated to be 1,342.9, 1,156.8, 1,135.9, 1,194.4,
and 1,223.2 mg KCl/L, respectively. These data are shown in
Figure 5. The mean LC,, value with 1- to 2-day old fish is nu-
merically higher than the mean LC,, values for fish in all
other age groups. Thus, 1- to 2-day old fish appear to be
less sensitive to the toxicaﬁt Kél than fish in the 3- tok14—
day o0ld age range.

The mean LC, value for all of the tests conducted (1- to
14-day old fish) was calculated to be 1,210.6 mg KCl/L. This
LC,, value is higher than the mean LCvaalue of 896 mg KC1l/L
reported by the USEPA for 203 laboratories which submitted
data for a 1991 inter-laboratory precisiqn study (USEPA,
1893). However, the results are not strictly comparable for
the following reason. The laboratory control water used by
the laboratories reporting data to the USEPA for the 1991
study was moderately hard synthetic water. Hard synthetic wa-
ter was used in this study because it approximates the hard-
ness of District effluents and reéeiving waters (USEPA,
2000b). This could account for some of the difference between
the mean LC,, value for this study and that reported by the
USEPA for the 1991 study. The composition of moderately hard
and hard synthetic freshwater is shown in Table 8. Subsequent
to the completion of this study, two tests were conducted with

KCl in the District’s Bioassay Laboratory using moderately
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FIGURE 5

RESULTS OF TOXICITY TESTS CONDUCTED WITH THE KCl1 AND FIVE AGE GROUPS OF

FISH: MEAN LC., VALUES®
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE §

COMPOSITION OF SYNTHETIC FRESHWATER
USING REAGENT GRADE CHEMCALS®

Reagent Added (mg/L)’ Final Water OQuality
Water ‘ ' ' 7 Alka-
Type NaHCO, CaS0,.2H,0 MgSO, KC1 pH’ Hardness® linity"
Moderately Harxrd 96.0 S0.0 60.0 4.0 7.4-7.8 80-100 ‘60—70~
Hard 192.0 120.0 . 120.0 8.0 7.6-8.0 160-180 110-120

‘Taken from USEPA (1993). A
’add reagent grade chemicals to deionzed water.
‘Approximate equilibrium after 24 h of aeration.
‘Expressed as mg CaCoO,/L.



hard synthetic water. The LC,, values calculated for these
tests were 960.3 and 983.2 mg KC1l/L for 1- and 7-day old fish,
respectively. These lower LC,, values are much closer to the

mean LC value of results reported to the USEPA in 1991.

50
These results support the explanation that the lower mean LC,,
value of results reported to the USEPA in 19%1 for tests con-
ducted with KC1 is explained, at least in part, by the use of
modérately hard synthetic watertfor that study. These data

are compared in Table 9.

Tests Conducted with SDS

The LC,, values for the tests conducted with SDS are shown
in Table 10, The complete survival data are shown in Tables

AI-21 - AT-40. The mean LC, values for tests conducted with

l- to 2-, 3- to 4-, 7- to 8-, 1l1- to 12-, and 13- to 14-day
old fish were calculated to be 28.1, 22.9, 24.6, 25.5, and
24.6 mg SDE/L., respectively. These data are shown in Figure
&. The mean LC,, value with 1- to 2-day old fish is numeri-
cally higher than the mean LC,, values for fish in all other
age groups. Thus, 1- to 2-day old fish appear to be less sen-
sitive to the toxicant SDS than fish in the 3- to 14-day old
age range. The mean LC,, value for all of the tests conducted

(1- to 1l4-day old fish) was calculated to be 25.2 mg SDS/L.

Tests Conducted with KC1 + SDS

The LC,, values for the tests conducted with KCl + SDE are

shown in Table 11. The complete survival data are shown in
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 9
COMPARISON OF LC,, VALUES (mg/L OF TEST SOLUTION) FOR THE TOXICANT KC1 OBTAINED USING

MODERATELY HARD AND HARD SYNTHETIC WATER FOR 48-HOUR ACUTE TOXICITY TESTS
WITH PIMEPHAILES PROMELAS

Waterxr
Type District Other Laboratories
Moderately Hard 971.8 896"
" Hard 1,210.6 ’ No data

Reported’

'From a national study of interlaboratory precision of toxicity test data performed in
1991 by the Environmental Monitoring Systems Laboratory, USEPA, Cincinnati, Ohio
(USEPA, 1993). :

No data reported for the study cited above.’
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TABLE 10

RESULTS OF 48-HOUR ACUTE TOXICITY TESTS WITH PIMEPHALES
PROMELAS USING THE TOXICANT SDS

Age of Fish Mean Date
(days) LC,,’ LC,, Method’ Set Up
1 to 2 29.0 s 3/3/99

25.0 P 3/17/99
29.0 S 3/17/99
29.2 S 6/2/99
28.1
3 to 4 17.1 S 3/24/99
25.9 P . 5/13/99
24.9 P 5/24/99
23.8 S 5/26/99
22.9
7 to 8 25.5 P 3/24/799
26.6 P 5/19/99
24.8 S 5/19/99
21.5 S 6/2/99

24.6
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 10 (Continued)

RESULTS OF 48-HOUR ACUTE TOXICITY TESTS WITH PIMEPHALES
PROMELAS USING THE TOXICANT SDS

Age of Fish ‘ Mean Date

(days) . LC,,’ LC,, Method’ Set Up
11 to 12 24.2 S 3/15/99
28.6 S 3/22/99
24.8 S 3/29/99
24.5 S 3/29/99
25.5 :
13 to 14 24.8 S 3/15/99
24.8 S 5/24/99
25.5 p 6/1/99
23.3 P 6/1/99
24.6
1 to 14 - 25.2
'SDS = Sodium dodecyl sulfate.
’LC,, = Concentration of toxicant in mg/L lethal to 50 percent of test organisms.

LC,, values were. calculated by the Probit Method (P) (USEPA, 1994a). When acute
toxicity test data did not meet the requirements for use of the Probit Method, LC,,
values were calculated by the Trimmed Spearman to Karber Method(s) (USEPA, 1994b).
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

RESULTS OF 48-HOUR ACUTE TOXICITY TESTS WITH PIMEPHALES
PROMELAS USING A MIXTURE OF THE TOXICANTS KCl' + 8Dg’

TABLE 11

Age of Fish

Mean Date
(days) LC,,’ LC,, Method' Set Up
1 to 2 72.1 P 3/1/99
65.0 S 3/3/99
61.3 S 3/8/99
42.5 . S 5/6/99
60.2
3 to 4 56.2 P 3/1/99
43.7 S 3/8/99
51.7 S 5/10/99
62.8 S 5/12/99
53.6
7 to 8 52.9 S 3/1/99
49 .4 S 3/3/99
45.5 S 5/5/99
53.4 S 5/12/99

50.3
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TARLE 11 ({(Continued)

RESULTSE OF 48-HOUR ACUTE TOXICITY TESTS WITH PIMEPHALES

PROMELAS USING A MIXTURE OF THE TOXICANTS KC1' + SDS’
Age of Fish Mean Date
(days) LC,,’ LC,, Method Set Up
11 to 12 54.1 S 3/1/99
56.6 S 3/3/99
52.9 S 5/10/99
55.3 S 5/13/99
54.7
13 to 14 47.1 S 3/10/99
- 51.5 P 3/8/99
53.3 S 5/5/98
63.6 S 5/6/99
53.9
1 to 14 54.5
KCl = Potassium chiorlde.
Sodlum dodecyl sulfate.
LC = Percentage of a solution. contalnlng both KCl (1,500 mg/L) and SDS (35 mg/L)
lethal to 50 percent of test organisms.
‘LC,, values were calculated by the Probit Method (P) (USEPA, 1994a). When acute

toxicity test data did not meet the requirements for use of the Probit Method, LC,,
values were calculated by the Trimmed Spearman to Karber Method (S) (USEPA, 1994b).



Tables AT-41 - AI-60. The mean LC, values for tests conducted

with 1- to 2-, 3- to 4-, 7- to 8-, 1l- to 12-, and 13- to 14-
day old fish were calculated to be 60.2, 53.6, 50.3, 54.7, and
53.9 percent of the test solution containing 1,500 mg KCl + 35
mg SDS/L, respectively. These data are shown in Figure 7. The
mean LC,, value with 1- to 2-day old fish is numericaliy higher
than the nmean‘LC50 values for fish in all other age groups.
Thus, 1- to 2-day old fish aﬁpeaf to be less sensitive to the -
KCl + SDS toxicant combination than fish in the 3- to 1l4-day
old age range. The mean LC,, value for all of the tests con-
ducted (1- to l1l4-day old fish) was calculated to be 54.5 per-
cent of the test solution containing 1,5b0 mg KCl1 + 35 mg

SDS/L.

Precision

Precision of the tests conducted for each of the five age
groups with the toxicants KC1l, SDS, and KCl + SDS combination
is shown in Table 12. The coefficiénts of variation (CV) for
all of the tests conducted (1- to l4-day old fish) for each of
these toxicants are 11.0, 11.09 and 13.8 percent, respec-
tively. Until recently the USEPA gave no numerical criteria
for demonstrating acceptéble laboratory performanée by judging
intra-laboratory precision expressea as CV wvalues (USEPA,

1993). The USEPA only stated elsewhere that "the closer the

CV is to zero the better” (USEPA, 1991). Recent guidance

(USEPA, 2000a) provided an “interim method CV” of 16 percent
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 12

PRECISION OF 48-HOUR ACUTE TOXICITY TESTS CONDUCTED WITH FIVE AGE GROUPS OF
PIMEPHALES PROMELAS TESTED: CV VALUES'

Age of Fish ‘ Toxicant

(Davys) ‘ KCl SDS KC1l + SDS

1 to 2 13.5 6.9 21.0

3 to 4 12.3 17.3 15.0

7 to 8 3.3 8.9 7.3
11 to 12 9.1 8.1 2.9
13 to 14 9.0 3.8 13.0

1 to 14° 11.0 11.0 13.8

3 to 14° 8.6 10.1 10.1

‘Coefficient of Variation of LC,, values of four tests from each group.
‘Combination of data from the above age groups.



for acute WET tests conducted with Pimephales promelas. This
interim ¢V represented the median CV, or 50" percentile CV,
observed within 21 laboratories (for WET tests conducted with
reference toxicants). The USEPA recommended calculating warn-
ing and control limits based on the 757 and 90™ percentiles,
respectively, of the ﬁethod CV, which were reported tc be 19
and 33 percent, respectively.‘ The CVs reported for this
study, 11.0, 11.0, and 13.8 percent, are well below the 757
percentile CV of 19 percent, and even the 50 percentile CV of
16 percent, and demonstrate acceptable precision as defined in
the recent USEPA guidance cited above. A
The CVs for the tests conducted with KCl and 1- to Z-, 3-
to 4-, 7~ to 8-, 1l- to 12-, and 13- to 1l4-day old fish are
13.5, 12.3, 3.3, 9.1, and 9.0 percent, respectively. The CVs
for the tests conducted with SDS and 1- to 2-, 3f to 4-, 7- to
8-, 11- to 12-, and 13- to l4-day old fish are 6.9, 17.32, 8.9,
8.1, and 3.8 percent, respectively. The CVs for the tests
conducted with the KCl + SDS combination and 1- to 2-, 3- to
4-, 7- to 8-, 11- to 12-, and 13- to 14-day old fish are 21.0,
15.0, 7.3, 2.9, and 13.0 percent, respectively.
| Parametric CV values were reported in the previous para-
graph for the SDS data, even though the LC, data for the toxi-
cant 8DS, as demonstrated in the next section, provide sig-
nifizcant evidence of non-normality. The use of means and stan-
dard deviations is closely associated with the assumption of

normality, and so is the use of a CV. This is not the case for
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the other two types of toxicants. For this reason, a non-
parametric analogue to the CV for the SDS toxicant data was
considered.

The median ig an alternative nonparametric measure of
central tendency that may be used in place of the mean when
normality is not ascertained with the data collected, while
the interquartile range is an alternative measure of spread
that may be used in place of-the‘standard deviation. Thus, a
natural analogue to the parametric CV is the nonparametric CV
computed as the ratio of the interquartile range divided by
the median expressed as percentage. Nonparametric CVs for the
SDS data are shown in Table 13. Note that'the parametric CVs
for SDS (Table 12) and the nonparametric CVs for S$DS feported
in Table 13 vary with age in a similar fashion, and so it
seems reasonable in this case to use the parametric CVs even
though normality is guestionable.

Markle et al. (2000), who conducted 48-hour acute toxic-
ity tests with 1-, 4-, 7-, 10-, and l4-day old fish (Pimephales

promelas) and four different toxicants, Cr™, sodium pentachlo-
rophenate (NaPCP), SDS, and NH,, reported that LC,, data gener-
ated using l-day old fish were the most variable. In this study
the CV for the tests conductéd with KCl and 3~ to 1l4-day old
fish is 8.6 percent compared to a CV of 11.0 percent for tests
conducted with 1- to 14—day cld fish. The CV for tests con-
ducted with SDS and 3- to l4-day old is 10.1 compared to a CV

of 11.0 for tests conducted with 1- to 14—day old fish. The CV
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METRCOPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 13
PRECISION OF 48-HOUR ACUTE TOXICITY TESTS CONDUCTED WITH FIVE

AGE GROUPS OF PIMEPHALES PROMELAS TESTED (NONPARAMETRIC
COEFFICIENTS OF VARIATION)

_ Age of Fish Nonparametric
Toxicant (Days) cvt
{Percent}
sps’ 1 to 2 6.9
3 to 4 20.3
7 to 8 11.5
11 to 12 9.5
13 to 14 4.4
1 to 14’ 7.6
3 to 14’ 6.0
‘Nonparametric coefficient of variation of LC,, values of four
tests from each age group. The nonparametric CV is computed
as the ratic of the interguartile range divided by the median
expressed as percentage. Nonparametric CVs were calculated

because the LC,, data for SDS were not shown to be ncrmally
distributed.

’Sodium dodecyl sulfate.

‘Combination of data from the above age groups.
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for the tests conducted with the KC1 + SDS toxicant combination
and 3- to 14-day old fish is 10.1 percent compared to a CV of
13.8 percent for tests conducted with 1- to 14-day old fish.
Thus, LC,, daﬁa generated with 1- to 2-day old fish appear to be
more variable than ILC,, data generated with 3- to l4-day old
fish for XC3i, SDS, and KCl + SDS, as shown in this study, and
in the cases of Cr'", NaPCP, SDS, and NH,, as shown by Markle et
al. (2000). The CVs for this étudy were, in general, much
lower than those reported by Markle et al., but the patterns
observed in both laboratories were essentially the same. These
findings suggest that the use of 1- to 2-day old fish contrib-
utes significantly to the variability associated with the acute

fish WET test.

Statistical Anaglvsis
CORRECTION FOR MORTALITY INVTHE CONTROLS
| Observed and corrected mortality rates of fish exposed to
the toxicants KC1l, SDS, and KCl + SDS are shown in Tables AIT-

1, AII-2, and AII-3, respectively.

TESTS FOR NORMALITY AND HOMOGENEITY OF VARIANCE

Mortality Rates. Results of the Shapiro-Wilk test showed
that the corrected mortality rates were not normally distrib-
uted for any of the toxicants used (Table 14). For this rea-
son, only nonparametric results are reported below for cor-

rected mortality rates. No further tests were performed to
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CEHICAGO
TABLE 14

RESULTS OF THE SHAPIRO-WILK TEST FOR NORMALITY CONDUCTED ON
CORRECTED MORTALITY RATES

Normally
Toxicant P-Value Distributed
KC1 0.0001 No
SDS 0.0001 ‘No
KC1 + SDS 0.0001 No
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verify the assumption of hbmogeneity of variance across the
different age groups.

LC,, Data. For LC,, data across different age groups, the
Shapiro-Wilk test for normality was significant only in the
case of the SDS toxicant (Table 15). For this reason, non-
parametric ANOVA results are reported below for LC,, data in
the SDS toxicant case. For each of the other two toxicants
cases, KCl and KCl + SDS, Baftleﬁt’s test for equal variances
(Walpole and Meyers, 1989) is non-significant (Table 15).
Thus, in these two cases, there is no reason to question the
assumptions of normaliﬁy and equal variances necessary for the
standard parametric ANOVA, and so parametric ANOVA results are
reported below in these cases.

COMPARISON OF THE SENSITIVITIES OF DIFFERENT AGE GROUPS TO
TOXICANTS

Mortality Rates. The results of ﬁbnparametric ANOVA per-
formed on the basis of ranked corrected mortality rates are
summarized in Table 16. These results show that the linear
model is highly adequate to explain the variation ‘obéerved
{(SAS Institute, 1995). These results alsc show that age did
affect the mortality rates of fish exposed to either of the
toxicants KCl or SDS, but not the combination of KCl + SDS.
Results of the associated Student-Newman-Keuls test showed -
~that 1 to 2-day old fish exposed to either of the toxicants

KCl or SDS had significantly lower mortality rates than the
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 15
RESULTS OF THE SHAPIRO-WILK TEST AND BARTLETT'S TEST CONDUCTED ON LC,, DATA
Significance
Number. Significance Probability
of Probability for Homogeneous
LC,, for Normality Variance
Toxicant Values (Shapiro-Wilk Test) (Bartlett’s Test)
KC1 : ' 20 p = 0.18" >0.025°
SDS 20 p = 0.01 NA’
KCl + SDS 20 p = 0.58 >0.025°

Data are normally distributed.
Varlances across the five age groups are egqual.

‘Not Applicable. There is no nonparametric test for homogeneous variance.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 16

RESULTS OF NONPARAMETRIC ANALYSIS OF VARIANCE PERFORMED ON THE BASIS OF RANKED

CORRECTED MORTALITY RATES

Percent of

Significance

Variation Probability on
Toxicant Explained Age Effects
KC1l 82 0.00017
SDS 89 0.0001°
XCl + SDS 90 0.1100

R x 100.
’Significant.



older fish exposed to these toxicants (p < 0.05). The results
are summarized in Table 17.

LG, Data. The results of parametric and nonparametric
(fdr 5DS) standard ANOVA (Table 18) show that age had noe sta-
tistically significant effect wupon the LC,, values for the
toxicants KC1, SDS, or KCl + SDS.

The one-way ANOVA model used above is a five parameter
model {not counting the constant &ariance parameter) while the
data set has only 20 observations. It is possible that this
model may be too complex relative to the size of the data set
for the associated F-test to identify effectively any signifi-
cant differences of a simple nature that\may exist between a
single age level and all remaining age levels combined:. This
was not the case for the analysié‘of the mortality data, but
may be the case for the analysis of the LC,, data. For this
reason, alternative regression models for the LC, data were
considered..

In particular, the age classification levels were trans-
formed into numerical age scores, "X" by average ages within
each age level (i.e., 1 to 2 is coded as 1.5, 3 to 4 as 3.5,
etc.}. Regression models were then considered for the ex-
pected LC,, value as a possibly power-transformed function of
"x" that is:

E(LC,, |x=0+BxP), p # 0

with the limiting case as p-0
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TABLE 17
RESULTS OF THE STUDENT-NEWMAN-KEULS TEST ON MULTIPLE
COMPARTISONS'

Toxicant Age of Fish in Days Rank

KC1 1 to 2 1°

3 to 4, 7 to 8,
11 to 12, 13 to 14 2’
SDS : 1 to 2 1

3 to 4, 7 to 8,
11 to 12, 13 to 14 2

"Ranking of mortality rates of dlfferent flsh age groups ex-
posed to KCl and SDS.

‘Lower mortality rate.

Mortality rates are higher than 1-
nificant within this group.

3

to 2-day old, but insig-
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TABLE 18
RESULTS OF ANALYSIS OF VARIANCE ON LC. VALUES
(F-TEST)

Toxicant ANCOVA p-value
Xc1 parametric 0.20"
SDS Non-parametric 0.09"

KCl + SDS ~ parametric 0.49°

'p-values <0.05 are significant at the 0.05 level. The results of this test indicates

that there is no age effect on the concentration of toxicant causing 50 percent mor-
tality.



E(LC, | (x)= a+p 1n(x)
For each transform of "x", the parameters were estimated using
ordinary least squares. The power parameter "p* was chosen
using cross-validation, that is, by minimizing the associated
predicted residual sum of sguares (PRESS) over a grid of pow-
ers (SAS Institute, 1990).

For each fixed power "ﬁ", the above model has only two
parameters (other than the constant variance parameter), sub-
stantially less than the five parameters of the one-way analy-
sis model for these data. For this reason, regression models
should be better able to identify a dependency, should'one ex-
ist, of LCs; on age, than is possible using the one-way analy-
sis of variance model.

In the case of the LCsy data for the KC1 toxicant, the
PRESS score decreased as the power decreased over negative
values, but the decreases were eventually negligible. For ex-
ample, the PRESS score for p = -5 was 3.506x10° while the
écore for p = -5.5 was 3.505x10°. The estimated expected LCsg
vaiue is displayed in terms of "x" through the transform "x 3"
in Figure 8.

This expected value function is essentially the same as

the one corresponding to the one-way ANOVA model identified

for the mortality data, that is, the one which groups age into
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FIGURE 8

PREDICTED LCs;y VALUES FOR THE TOXICANT KC1
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two groups consisted of age level 1 to 2 separate from levels
3 to 4, 7 to 8, 11 to 12, and 13 to 14 combined. This two-
group model has an associated PRESS score with the negligibly
better score of 3.502x10°. Furthermore, the PRESS score for
the constant model is 3.770x10°, a tangible 7.7 percent larger
value than for the two-group model. This constant model is
the one that could not be réjectéd using the full five level
ANOVA model. These cross-validation results indicate that the
one-way ANOVA results for the KCl1 toxicant are édversely af-
fected by sample size, and that LCsy values actually do depend
on age throuéh the same two-group model as identified fbr mor-
tality data.

In the case of the ngo data for the SDS toxicant, the
PRESS score decreased as the power decreased over negative
values, but the decreasés were eventually negligible. For ex-
ample, the PRESS score for p = -5 was 124.5 while the score
for p = -5.5 was 124.3. ~The estimated expected LCsp; value is

displayed in terms of x through the transform x>

in Figure 9.
Note that this expected value function is essentially the

same as the one corresponding to the one-way ANOVA model iden-

tified for the mortality data, that is, the one which groups

age into two groups consisting of level 1- to 2-day age

group separate from levels 3— to 4-, 7- to 8-, 11~ to 12-, and 13-
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FIGURE 9

PREDICTED LCg, VALUES FOR THE TOXICANT SDE&
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to 1l4-day age group combined. This two-group model has an as-
sociated PRESS score with the negligibly better score of
123.9. Furthermore, the PRESS score for the constant model is
161.9, a substantial 30.7 percent larger value than for the
two-group model. This constant model is the one that could
not be rejected using the full five level analysis of wvariance
model. These cross-validation results indicate that the one-
way analysis of wvariance results for the SDS toxicant are ad-
versely affected by sample size, and that LCsy values actually
do depend on age through the same two-group model as identi-
fied for mortality data.

As explained above, it 1s appropriate to analyze the LCsg
data for both the KC1l and the SDS data sets using a model with
fewer age levels, specifically, the 1- to 2-day age group ver-
sus the rest of the age groups combined. In the case of KC1
the results of parametric ANOVA showed that the expected. LCsg
value for 1- to 2-day old fish is significantly higher than
the . expected LCsg value for 3- to l4-day old fiéh (p = 0.0225).
In the case of SDS the results of nonparametric ANOVA showed
that the expected LCsy value fof 1- to 2-day old fish is sig-
nificantly higher than the expected LCs, value for 3- to l4-day

old fish (p = 0.021).
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In the case of the LCgsg data for the KCl + SDS toxicant,
the PRESS score was smallest within + 0.5 for the case p = 0
corresponding to the natural log transform In(x) with wvalue
1.323x10%. On the other hand, the PRESS score for the con-
stant model was the substantially smaller value of 1.190x10°,
indicating that LCsp values for the toxicant KCl + SDS may be
reasonably treated as constént 1n age as they were for the
mortaliity data.

Therefore, sophisticated statistical analyses using
cross~validation to select a regression.;model of LCszy as a
function of age indicated thatAit was appropriate to analyze
the LCxy data for both the KC1 and SDS data sets using a model
with fewer age groups, specifically, the 1- to 2-day age group
versus the rest of the age groups combined. Two samplie analy-
ses of the data on LCsy values of fish exposed to either KC1 or
SDS indicated that the LCsy values for these toxicants are af-
fected by fish age, i.e., that fish 1 to 2 days o0ld are more
tolerant of these toxicants than the older fish in the age
group of 3 to 14 days. In this study the LCsy values ﬁQr the

KC1 + 8DS data set were not shown to be affected by age.
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TEST FOR EQUALITY OF COEFFICiENTS OF VARIATION (CVs)

The KCl and KCl + SDS LC,, population means across all age
groups studied were not shown to be unequal or to have ﬁnequal
variances (Table 15). Therefore, there is no significant dif-
ference in the CVs across the age groups studied for the toxi-
cant KCl or the toxicant combination KCl + SDS even though nu-
merical differences were observed. No conclusion regarding
the CVs for 8DS could be madé because there is no non-
parametric test for testing the homogeneity of wvariance.
These results are summarized in Table 19. These results indi-
cate that it would be appropriate, in general, to report the
results of statistical analyses when CV fvalues are used to
evaluate precision as done in this study. Relying exciusively>
upon CV values to make sweeping judgments about the reproduci-
bility of a test based on the magnitude of. the CV wvalues
across the board may not be appropriate or desirable in cer-

tain instances.
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SUMMARY OF STATISTICAL ANALYSES CONDUCTED ON LC,, DATA

GROUPS FOR EQUALITY

TO TEST CVe ACROSS ALL AGE

Not applicable.

Normally Homogeneous Equal Conclusion Regarding CVs
Toxicant Distributed’ Variance' Means’ Across All Age Groups
KC1 Yes : Yes Yes Equal
SDS No NA&’ Yes No Conclusion Can Be Drawn
KC1l plus SDS Yes ~ Yes Yes Equal
'mable 15.
*TPable 18.

There is no nonparametric test for testing hoﬁogeneity of variance.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-1

SURVIVAL DATA FOR 1-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KCl (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 8-10, 1999

Conceigiation Number of Survivors
mg/L A B C
0 5 4 5
250 5 5 5
500 5 5 5
1000 5 4 5
1250 | 5 | 4 5

1500 4 3 2
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-2

SURVIVAL DATA FOR 1-DAY OLD FATHEAD MINNOWS - (RIMEPHALES PROMELAS) EXPOSED TO
KCl (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 17-19, 1999

Conceﬁgiation Number of Survivors
mg/L A B C
0 5 5 5
250 _ ' 5 5 5
500 . 5 5 , -5
1000 5 4 5
1250 | 3 1 1

1500 1 ' 0 0
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-3

SURVIVAL DATA FOR 2-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KCl (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 17-19, 1999

Concei(t:}:ation Number of Survivors
mg /L A B C D
0 5 5 5
250 5 5 5
500 5 5 "5
1000 4 5 | 5
1250 2 | 1 1

1500 0 1 2
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-4

SURVIVAL DATA FOR 1-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KC1 (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), APRIL 12-14, 1999

Conceigiation Number of Survivors
mg/L A ' B C
0 5 5 5
250 5 : 5 5
500 5 5 5
1000 5 5 .5
1250 -2 4 4

1500 2 | 0 0
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-5

SURVIVAL DATA FOR 3-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KCl (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 24-26, 1999

Conceigzation Number of Survivors
mg/L A B c
0 5 5 5
250 5 ‘ 5 5
500 ‘ 5 5 "5
1000 3 4 .3
1250 1 2 2

1500 0 0 0
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-6

SURVIVAL DATA FOR 4-~-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KCl (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), APRIL 19-21, 1999

Concei%iation Number of Survivors
mg/L A B C
0 5 5 5
250 : 5 5 5
500 5 ' 5 )
1000 3 1 o3
1250 2 0 1

1500 0 0 0
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-7

SURVIVAL DATA FOR 3-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KCl (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), APRIL 21-23, 1999

Conceg(tz:]n:ation Number of Survivors
mg/L -A B C
0 5 5 5
250 5 5 5
500 4 5 © 5
1000 4 4 .4
1250 1 , 0 2

1500 0 0 1
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-8

SURVIVAL DATA FOR 3-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KCl1 (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), APRIL 28-30, 1999

Conceggzl:ation Number of Survivors
mg/L A B C
0 5 5 5
250 5 5 5
500 4 5 5
1000 5 5 .5
1250 3. 4 : 3

1500 1 1 2
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-9

SURVIVAL DATA FOR 7-DAY OLD FATHEAD MINNOWS‘(PIMEPHALES PROMELAS) EXPOSED TO
KCl (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 24-26, 1999

Conceigiation Number of Survivors
mg/L p:Y B C
0 5 5 5
250 o 5 5 | 5
500 5 5 5
1000 - 5 2 | .4
1250 2 2 2

1500 0 0 0
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-10

SURVIVAL DATA FOR 8-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KC1 (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), APRIL 14-16, 1999

Conceﬁgnlfation Number of Survivors
mg/L A B C
0 5 5 5
250 5 | v 5 | 5
500 5 5 -5
1000 5 5 | .5
1250 1 2 1

1500 0 0 ' 0




I1-IVY

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-11

SURVIVAL DATA FOR 7-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KCl (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), APRIL 19-21, 1999

Conceggiation Number of Survivors
mg/L ' A B C
0 5 5 5
250 5 5 5
500 5 5 -5
1000 | 4 2 .2
1250 1 3 0

1500 ‘ 0 0 0
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AT-12

SURVIVAL DATA FOR 8-~DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KCl (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), APRIL 21-23, 1999

Conceigiation _ Number of Survivors
mg/L A B C
0 5 5 5
250 | | 5 5 5
500 5 5 "5
1000 . 4 4 .5
1250 0 1 2

1500 : 0 0 0
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
'TABLE AT-13

SURVIVAL DATA FOR 11~DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KCl (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 15-17, 1999

Conceﬁgiation Number of Survivors
mg/L A B c
0 5 4 5
250 5 5 5
500 5 | 5 5
1000 4 5 4
1250 1 3 1

1500 0 | 0 1
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-14

SURVIVAL DATA FOR 11-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KCl (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 22-24, 1999

Conceigiation - Number of Survivors
mg/L A B C
0 5 5 5
250 5 5 5
500 5 5 “5
1000 | 4 2 L2
1250 2 3 0

1500 0 0 0
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-15

SURVIVAL DATA FOR 11-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KC1l (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), APRIL 12-14, 1999

Conceigiation Number of Survivors
mg /L A B C
0 5 5 5
250 5 5 5
500 5 5 5
1000 5 5 | 5
1250 5 4 5

1500 0 ’ 0 0
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-16

SURVIVAL DATA FOR 12-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KCl (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), APRIL 14-16, 1999

Conce:f{lgi’ati on Number of Survivors
mg/L A B C
0 5 5 5
250 5 5 ‘ 5
500 5 5 -5
1000 5 5 .4
1250 1 2 3

1500 0 2 0
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-17

SURVIVAL DATA FOR 13-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KCl (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 10-12, 1999

Conceggiation Number of Survivors
mg/ L A B C
0 5 5 5
250 5 5 5
500 5 5 )
1000 3 5 .5
1250 4 3 4

1500 1 1 2
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-18

SURVIVAL DATA FOR 13-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KCl (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 15-17, 1999

Conceigiation Number of Survivors
mg/L A B c
0 5 5 5
250 5 5 5
500 5 5 5
1000 | 4 s ' i
1250 3 2 3

1500 ) 0 0 0
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-19

SURVIVAL DATA FOR 14-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KC1l (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 3-5, 1999

Conceigiation Number of Survivors
mg/L A B C
0 5 5 5
250 5 5 5
500 5 5 . T4
1000 5 4 .5
1250 4 3 0

1500 1 0 ' 1
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-20

SURVIVAL DATA FOR 14-DAY OLD FATHEAD MINNOWS (BPIMEPHALES PROMELAS) EXPOSED TO
KC1l (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 3-5, 1999

C‘onceﬁgj};ation Number of Survivors
mg/L A B C
0 5 5 5
250 5 5 ‘ 5
500 5 5 5
1000 | 4 4 4
1250 2 1 0

1500 0 | 0 0
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-21

SURVIVAL DATA FOR 1-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 3-5, 1999

Concersllgnsfation | Number of Survivors
mg/L A B C
0 5 5 5
10 - 5 5 5
20 5 5 )
30 - 3 3 4
35 0 0 0

40 0 | 0 0
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TABLE AI-22

SURVIVAL DATA FOR 1-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 17-19, 1999

Conceigiation Number of Survivors
mg/L A B C
0 5 5 5
10 5 _ 5 5
20 3 5 5
30 0 0 .3

35 0 0 0

40 0 0 ' 0
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-23

SURVIVAL DATA FOR 2-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 17-19, 1999

ConcerslItziation Number of Survivors
mg/L A B C
0 5 5 5
10 5 5 5
20 5 5 -5
30 - 5 1 .2
35 0 0 0

40 0 0 0
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE ATI-24

SURVIVAL DATA FOR 1-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), JUNE 2-4, 1999

Concersllgf'ation Number of Survivors
mg/L A B C
0 5 5 5
10 5 5 5
20 5 5 5
30 4 2 .4
35 1 0 0

40 0 ‘ 0 0
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-25

SURVIVAL DATA FOR 3-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 24-26, 1999

Concei]t?,iation Number of Survivors
mg/L A B C
0 5 5 5
10 5 5 5
20 4 3 -0
30 | 0 0 .0
35 0 0 0

40 0 | 0 0




9Z-1IVY

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-26

SURVIVAL DATA FOR 3-DAY OLD FATHEAD MINNOWS (PIMEPHALﬁé PROMELAS) EXPOSED TO
'SDS (48~HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 13-15, 1999

Concerslgiation Number of Survivors
mg/L A B C
0 5 5 5
10 5 5 5
20 5 5 ' 4
30 2 0 1
35 _ 0 0 0

40 ' 0 0 - 0




LZ-IV¥

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AI-27

SURVIVAL DATA FOR 4-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
TIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 24-26, 1999

SDS (48-HOUR, STA

Conce;It)f*ation Number of Survivors

mg/L A B C

0 5 5 4
10 5 5 5
20 5 5 5
30 0 1 -0
35 0 0 0
40 0 0 0




8¢-1I¥Y

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-28

SURVIVAL DATA FOR 3-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 26-28, 1999

Conceigiation Number of Survivors
mg/L A B C
0 5 5 5
10 5 5 5
20 5 5 T4
30 0 0 .0
35 0 0 0

40 0 0 0




6¢~-IVY

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AI-285

SURVIVAL DATA FOR 7-DAY OLD FATHEAD MINNOWS

EXPOSED TO

SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 24-26, 1999

Concexslf:)ascation _Number of Survivors

mg/L | A B C

0 5 5 5

10 5 5 5
20 5 4 5
30 0 0 2
35 0 0 -0
40 0 0 0




0E-IVY

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-30

SURVIVAL DATA FOR 7-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 19-21, 1999

Concerslrt)nscation Number of Survivors
mg/L A B C
0 5 5 5
10 5 5 5
20 ' 5 4 -~ 5
30 4 0 2
35 : 0 0 0

40 ' ' 0 0 0




TE~IV

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-31

SURVIVAL DATA FOR 8-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 19-21, 1999

Concerslgiation Number of Survivors
mg/L - A B C
0 5 5 5
10 5 , 5 5
20 5 5 | 5
30 1 0 _ 0
35 ' | 0 0 0

40 0 0 ' 0




ce-1I¥Y

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-32

SURVIVAL DATA FOR 7-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), JUNE 2-4, 1999

Conceigiation Number of Survivors
mg/L : A B ‘ C
0 5 5 5
10 5 4 5
20 4 4 -3
30 0 0 -0
35 0 0 | 0

40 0 0 0




€e-1IVv

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AI-33

SURVIVAL DATA FOR 11-DAY OLD FATHEAD MINNOWS

(PIMEPHALES PROMELAS)

EXPOSED TO

SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 15-17, 1999

Conceigiation Number of Survivors

mg /L A B C

0 | 5 4 5

10 | 5 5 5

20 5 5 5
30 0 0 0

35 0 0 0
40 | 0 0 0




PE-IV

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-34

SURVIVAL DATA FOR 11-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 22-24, 1989

Conceflj‘:c)iation Number of Survivors
mg/L A B C
0 5 5 5
10 5 | 5 5
20 5 5 "5
30 3 -3 4
35 ' 0 0 0

40 0 0 0




Se-IVY

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AI-35

SURVIVAL DATA FOR 11-DAY OLD FATHEAD MINNOWS

SDS (48-HOUR, STATIC,

(PIMEPHALES PROMELAS)

EXPOSED TO

NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 29-31, 1999

Conceigiation Number of Survivors

mg /L, A B C

0 5 5 5
10 5 5 5
20 5 5
30 0 0 1
35 0 0 0
40 -0 0 0




9¢~-IV

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-36

SURVIVAL DATA FOR 12-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 29-31, 1999

Concerslgzsration Number of Survivors
mg/L A B C
0 | 5 5 5
10 | 5 5 5
20 5 5 "5
30 - 0 0 -0
35 ' -0 0 , 0

40 0 0 0




LE-TIV

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
- TABLE AI-37

SURVIVAL DATA FOR 13-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 15-17, 1999

CcncerSlIgiation Number of Survivors
mg/L A B C
0 5 5 5
10 5 5 5
20 5 5 5
30 0 0 .0
35 0 0 0

40 0 0 0




8¢-IV

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-38

SURVIVAL DATA FOR 14-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 24-26, 1999

Concersi]giation ‘ Number of Survivors
mg/L A B C
0 5 5 5
10 5 5 5
20 5 5 "~ 5
30 0 0 0
35 : 0 0 0

40 0 0 0




6E-IVY

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-38

SURVIVAL DATA FOR 13-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), JUNE 1-3, 1999

Conc exslgia tion Number of Survivors
mg /L A B C
0 5 5 5
10 5 | 5 5
20 4 5 "5
30 | 0 2 .0
35 0 0 0

40 0 0 0




0F-IVY

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-40

SURVIVAL DATA FOR 14-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), JUNE 1-3, 1999

Concersllt?_iation Number of Survivors
mg/L A B C
0 5 5 5
10 5 5 5
20 4 4 5
30 1 0 0
35 0 0 0

40 0 | 0 0




Iv-IV¥

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AI-41

SURVIVAL DATA FOR 1—bAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO

KC1 + 8SDS

(48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 1-3, 1999
KCi + SDS

Concentration Number of Survivors
mg/L A B C
0 5 4 5
250 (KCl) + ©5.83 (SDS) 5 5 5
500 (KCl) + 11.66 (SDS) 5 5 "5
1000 (KC1l) + 23 (SDS) 5 4 .4
1250 (KCl1l) + 29 (SDS) 1 0 0
1500 (XCl) % 35 (SDS) 0 0 0




Cy-IVY

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE ATI-42

SURVIVAL DATA FOR 1-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KCl + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 3-5, 1999

KCl + Sps

"Concentration ' Number of Survivors
mg/L A B C

0 5 5 5

250 (RCl) + 5K.83 (8DS) 5 5 5
500 (KCl) + 11.66 (8DS) 5 5 5
1000 (KCl) + 23 (SDS) 2 3 5
1250 (KCl) + 29 (SDS) 0 0 0

1500 (Kcl) + 35 (SDS) 0 0 0




€v-IV

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AI-43

SURVIVAL DATA FOR 1-DAY COLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO

KC1 + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 8-10, 1999
RCl + SDS ,

Concentration Number of Survivors
mg/L B C
0 5 5
250 (KC1) + 5.83 (SDS) 5 | 5
500 (KCl) + 11.66 (SDS) 4 5
1000 (RC1l) + 23 (SDS) 3 .4
1250 (KCl) + 29 (SDS) 0 0
1500 (KCl) + 35 (SDS) 0 0




Po-Iv

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AI-44

SURVIVAL DATA FOR 2-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS)

EXPOSED TO

KC1l + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 6-8, 1999
KC1 +.SDS
Concentration Number of Survivors
mg/L B C
0 5 5
250 (KC1l) 5.83 (SDS) 5 5
500 (KC1) 11.66 (SDS) 4 4
1000 (KRC1) 23 (SDS) 0 0
1250 (KC1) 29 (SDS) 0 0
1500 (KC1) 35 (SDS) 0 0




Sv-IV

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AI-45

SURVIVAL DATA FOR 4-DAY OLD FATHEAD MINNOWS
KC1 + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 1-3, 1999

(PIMEPHALES PROMELAS)

EXPOSED TO

RCl + 8Ds

Concentration Number of Survivors

. mg/L B C

0 5 5

250 (RCl) + 5.83 (SDS) 5 5.

500 (KCl) + 11.66 (SDS) 5 5

1000 (KRC1l) + 23 (SDS) 3 .3

1250 (RCl) + 29 (SDS) 0 0

1500 (RC1l) + 35 (SDS) 0 0




9%-IVY

SURVIVAL DATA FOR 3-DAY OLD FATHEAD MINNOWS

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE ATI-46

(PIMEPHALES PROMELAS) EXPOSED TO

KC1l + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 8-10, 1899
KCl + SDS

Concentration Number of Survivors
mg/L B C
0 5 5
250 (RCl) + ©5.83 (SDS) 5 5
500 (KCl) + 11.66 (SDS) 5 4
1000 (KC1) + 23 (SDS) 1 0
1250 (RCl) + 29 (SDS) 0 0
1500 (RCl) + 35 (SDS) 0 0




Ly-IVY

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-47

SURVIVAL DATA FOR 4-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KCl + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 10-12, 1999

KC1l + 8DS

Concentration Number of Survivors
mg/L A B C

0 5 5 5

250 (KCl) + 5.83 {s8ng) 5 5 5
500 (KCl) + 11.66 (SDS) 5 5 5
1000 (RCL) + 23 (SDS) 1 0 o2
1250 (KCl) + 29 {SDS) 0 0 0

1500 (KCl) + 35 (SDS) 0 0 ' 0




8y—IV

- METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AI-48

SURVIVAL DATA FOR 3-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO

KC1l + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 12-14, 1999
KC1l + SDS

Concentration Number of Survivors
mg/L B C
0 . 5 5
250 (KCl) 5.83 (SDS) 5 5
500 (KCl) 11.66 (SDS) 5 5
1000 (XRC1) 23 (SDS) 4 5
1250 (KCl) + 29 (SDS) 0 0
1500 (KCl) + 35  (SDS) 0 0




6y-IV

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-49

SURVIVAL DATA FOR 7-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KCl + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 1-3, 1999

KC1 + SDS

Concentration Number of Survivors

mg /L A B c

0 5 5 5

250 (KCl) + 5.83 (8SDs) 5 5 5

500 (KCl) + 11.66 (SDS) 5 | 5 5

1000 (KC1) + 23 (SDS) 1 1 1

1250 (KCl) + 29 (SDS) 0 0 0

1500 (RCl) + 35 (SDS) 0 0 0




0g-1IV

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE ATI-50

SURVIVAL DATA FOR 7-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO

KC1 + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 3-5, 1999
KC1 + 8DS
Concentration Number of Survivors
mg/L B C
0 5 5
250 (KC1) 5.83 (SDS) 5 5
500 (KC1l) + 11.66 (SDS) 5 5
1000 (XCl) + 23 (SDS) 0 0
1250 (XCl) + 29 (SDS) 0 0
1500 (XKCl) + 35 (SDS) 0 0




TIe-IVY

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-51

SURVIVAL DATA FOR 8-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KC1l + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 5-7, 1999

KCl + 8D§
Concentration Number of Survivors
mg/L A B C
0 5 5 5
250 (KCl) + 5.83 (SDs) 5 5 . 5
500 (RC1l) + 11.66 (SDS) 5 4 5
1000 (KRCl) + 23 (SDS) 0 0 0
1250 (KCl) + 29 (SDS) 0 0 0

1500 (KRC1l) + 35 (SDS) -0 0 0




49—-1IY

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AI-52

SURVIVAL DATA FOR 8-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS)
KCl + SDS (48-HOUR, . STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 12-14, 1999

EXPOSED TO

KCl + SDS

Concentration Number of Survivors

mg/L B C

0 5 5

250 (RCl) + 5.83 (SDS) 5 5

500 (KCl) + 11.66 (SDS) 4 5

1000 (KCl) + 23 (SDS) 2 3

1250 (KCl) + 29 (SDS) 0 0

1500 (KCl) + 35 (SDS) 0 0




£9-IV

SURVIVAL DATA FOR 11-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS)

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AI-53

EXPOSED TO

KCl + SDS {48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 1-3, 1999

KC1 + SDS

Concentration Number of Survivors
mg/L B C

0 5 5

250 (RCl) + 5.83 (SDS) 5 5
500 (KCl) + 11.66 (SDS) 5 5
1000 (KRC1l) + 23 (SDS) 2 21
1250 (KRC1) + 29 (SDS) 0 0
1500 (KC1l) + 35 (SDS) 0 0




PS-IV¥

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-54

SURVIVAL DATA FOR 12-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KCl + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 3-5, 1999

KC1 + SDS

Concentration Number of Survivors
mg/L A B C

0 5 5 5

250 (KCl) + ©5.83 (SDS) 5 5 )
500 (XCl) + 11.66 (SDS) 5 ' 5 "5
1000 (RCl) + 23 (SDS) 0 2 3
1250 (KCl) + 29 (SDS) 0 0 0

1500 (RCl) + 35 (SDS) 0 0 0




S96-IVY

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AIXI-b5

SURVIVAL DATA FOR 11-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO

KCl + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 10-12, 1999
KC1 + SDS

Concentration Number of Survivors
mg/L - a B C

0 5 5 5

250 (KC1) 5.83 (SDS) 5 5 5
500 (KC1) 11.66 (SDS) 5 5 5
1000 (KCl1) 23 (SDS) 0 2 1
1250 (XCl) 29 (SDS) 0 0 0
1500. (KC1) + 35 (SDS) 0 0 0




9¢~1IV

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AT-56

SURVIVAL DATA FOR 11-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
RCl + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 13-15, 1999

KCl + SDS

Concentration Number of Survivors
mg/L A B c

0 5 5 5

250 (KCl) + 5.83 (SDS) 5 5 5
500 (KCl) + 11.66 (SDS) 5 5 5
1000 (KC1) + 23 (SDS) 3 0 -
1250 (RCl) + 28 (SDS) 0 0 0

1500 (XCl) + 35 - (SDS) 0 0 0




METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI~-57

SURVIVAL DATA FOR 13-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KCl + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 8-10, 1999

LG~IVY

KCl1 + 8SDS
Concentration Number of Survivors
mg/L A . B C
0 5 5 5
250 (KCl) + K.83 (sDg) 5 . 5 5
500 (RCl) + 11.66 (SDS) 5 ‘ 5 "5
1000 (KCl) + 23 (SDS) 0 0 2

1250 (KRCl) + 29 (SDS) 0 0 0

1500 (KCl) + 35 {SDS) 0 0 0




8G9~-IV

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-58

SURVIVAL DATA FOR 13-DAY OLD FATHEAD MINNOWS (RIMEPHALES PROMELAS) EXPOSED TO
KCl + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 10-12, 1999

KC1 + SDS

Concentration Number of Survivors
mg/L A B C D
0 5 5 5 5
250 (kCl) + 5.83 (sDs) 5 5 5 5
500 (KC1l) + 11.66 (SDS) 5 5 5 5
1000 (KCl) + 23 (SDS) 0 0 0 0
1250 (KCl) + 29 (SDS) -0 0 0 | 0
1500 (KCl) + 35 (SDS) 0 0 0 0




66-IV¥

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-59

SURVIVAL DATA FOR 13-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KCl + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 5-7, 1999

KCl + 8Ds

Concentration Number of Survivors
mg/L A B C

0 5 5 5

250 (KCl) + 5.83 (SDS) 5 5 4
500 (KC1l) + 11.66 (SDS) 5 4 )
1000 (KCl) + 23 (SDS) 2 3 .0
1250 (KC1l) + 29 (SDS) 0 : 0 _ 0

1500 (KCl) + 35 (SDS) 0 0 0




09~1%Y

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AI-60

SURVIVAL DATA FOR 14-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO
KC1 + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 6-8, 1999

KCl + SDS

Concentration Number of Survivors

mg/L B C

0 5 5

250 (KCl) + 5.83 (sDs) 5 5

500 (KCl) + 11.66 (SDS) 4 5

1000 (KCl) + 23 (SDS) 3 2

1250 (RCl) + 29 (SDS) 0 0

1500 (KCl) + 35  (SDS) 0 0




APPENDIX AIIL

OBSERVED AND CORRECTED MORTALITY RATES



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AII-1

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT KC1 FOR 48 HOURS

Dose Level Observed Corrected
Observation (mg /L) Age G:rc:upl Mortality Mortality2
1 250 Al 0.00 0.00
Z 250 Al 0.00 0.00
3 250 Al 0.00 0.0¢C
4 250 Al 0.00 0.00
5 250 Al 0.00 0.00
& 250 Al 0.00 0.00
7 250 Al 0.00 0.00
8 250 Al 0.00 0.00
S 250 Al 0.00 0.00
10 250 Al 0.00 0.00
11 250 Al 0.00 0.00
12 250 Al 0.00 0.00
13 250 Al 0.00 0.00
14 250 Al 0.00 0.00
15 250 Al 0.00 0.00
16 250 Al 0.00 0.00
17 250 A2 0.00 0.00
18 250 A2 0.00 0.00
19 250 A2 0.00 0.00
20 250 A2 0.00 0.00
2% 250 A2 0.00 0.00
22 250 A2 0.00 0.00
23 250 A2 0.00 0.00
24 250 A2 0.00 0.00
25 250 A2 0.00 0.00
26 250 A2 0.00 0.60
27 250 A2 0.00 0.00
28 250 A2 0.00 0.00
z9 250 A2 0.00 0.00
30 250 A2 0.00 0.00
21 250 . A2 0.00 0.00
32 250 A2 0.00 0.00
33 250 A3 0.00 0.00
34 250 A3 0.00 0.00

ATI-1



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AII-1 {(Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT KCl FOR 48 HOURS

Dose Level Observed Corrected

Observation (mg /L) Age Groupl Mortality Mortality2
35 250 A3 0.00 0.00
36 250 A3 0.00 0.00
37 250 A3 0.00 0.00
38 250 A3 0.00 0.00
39 250 A3 0.00 0.00
40 250 A3 0.00 0.00
41 250 A3 0.00 0.00
42 250 A3 0.00 0.00
43 250 A3 ¢.00 0.00
44 250 A3 0.00 0.00
45 250 A3 0.00 0.00
46 250 A3 0.00 0.00
47 250 A3 0.00 0.00
48 250 A3 0.00 0.00
49 250 Ad 0.00 0.00
50 250 A4 0.00 0.00
51 250 a4 0.00 0.00
52 250 Ad 0.00 0.00
53 250 Ad 0.00 0.00
54 250 Ad 0.00 0.00
55 250 a4 0.00 0.00
56 250 Ad 0.00 0.00
57 250 Ad 0.00 0.00
58 250 A4 0.00 0.00
59 250 a4 0.00 0.00
60 - 250 Ad 0.00 0.00
61 250 Ad 0.00 0.00

62 250 Ad 0.00 0.00
63 250 AL 0.00 0.00
64 250 A4 0.00 0.00
65 250 A5 0.00 0.00
66 250 A5 0.00 0.00
67 250 AS 0.00 0.00
68 250 A5 0.00 0.00

AIT-2



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AII-1 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT KCl FOR 48 HOURS

Dose Level Observed Corrected
Observatiocn {mg /L) Age'Groupl Mortality Mortality”
69 250 A5 0.00 0.00
70 : 250 A5 0.00 0.00
71 250 A5 0.00 0.00
72 250 A5 0.00 0.00
73 250 A5 0.00 0.00
T4 250 A5 0.00 0.00
75 250 AS 0.00 0.00
786 250 A5 0.00 0.00
77 250 A5 0.00 0.00
78 250 A5 0.00" 0.00
79 250 A5 0.00 0.00
g0 250 A5 0.00 0.00
81 500 Al 0.00 0.00
82 500 Al 0.00 0.00
83 500 Al 0.00 0.00
24 500 Al 0.00 0.00
g5 500 Al 0.00 0.00
85 500 Al 0.00 0.00
87 500 Al 0.00 0.00
82 500 Al 0.00 0.00
83 500 Al 0.00 0.00
S0 500 Al 0.00 0.00
Sl 500 Al 0.00 0.00
82 500 Al 0.00 0.00
g3 500 Al 0.00 0.00
94 500 Al 0.00 0.00
95 500 Al 0.00 0.00
56 500 Al 0.00 0.00
97 500 A2 0.00 0.00
98 500 A2 0.00 0.00
9 500 " A2 0.00 0.00
1646 500 A2 0.00 0.00
101 500 A2 0.00 0.00
102 500 A2 Q.00 0.00
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AII-1 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT KC1l FOR 48 HOURS

Dose Level Observed Corrected
Observation (mg /L) Age Groupl Mortality Mort:a.lity2
103 500 A2 0.00 0.00
104 500 , A2 0.00 0,00
105 500 A2 0.20 0.20
106 500 A2 0.00 0.00
107 500 A2 0.00 0.00
108 500 A2 0.00 0.00
109 500 A2 0.20 0.20
110 500 A2 0.00 0.00
111 500 A2 0.00 0.00
112 500 A2 0.00 0.00
113 500 A3 0.00 0.00
114 500 A3 0.00 0.00
115 500 A3 0.00 0.00
116 500 , A3 0.00 - 0.00
117 500 A3 0.00 0.00
118 500 A3 0.00 0.00
119 500 A3 0.00 0.00
120 500 A3 0.00 0.00
121 500 A3 0.00 0.00
122 500 A3 0.0.0 0.00
123 500 A3 0.00 0.00
124 500 A3 0.00 0.00
125 500 A3 0.00 0.00
126 500 A3 0.00 0.00
127 500 A3 0.00 0.00
" 128 500 A3 0.00 0.00
129 500 Ad 0.00 0.00
130 500 A4 0.00 0.00
131 500 A4l 0.00 0.00
132 500 Ad 0.00 0.00
133 500 Ad 0.00 0.00
134 500 A4l 0.00 0.00
135 500 A4 0.00 0.00

0.00 0.00

136 . 500 a4
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AII-1 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT KC1 FOR 48 HOURS

Dose Level Observed Corrected

Observation (mg/L) Age Groupl Mortality Mc:art:al:'Lt}gr2
137 500 A4 0.00 0.00
138 . 500 Ad 0.00 0.00
139 500 a4 0.00 0.00
140 500 a4 0.00 0.00
141 500 Ad 0.00 0.00
142 500 Ad 0.00 0.00
143 500 a4 0.00 0.00
144 500 Ad 0.00 0.00
145 500 A5 0.00- 0.00
146 500 A5 0.00 0.00
147 500 Ab 0.00 0.00
148, 500 A5 0.00 0.00
148 500 A5 0.00 0.00
150 500 A5 0.00 0.00
151 500 A5 0.00 0.00
152 500 AS 0.00 0.00
153 500 A5 0.00 0.00 -
154 500 A5 0.00 0.00
155 500 a5 0.20 0.20
156 500 A5 0.00 0.00
157 500 AL 0.00 0.00
158 500 A5 0.00 0.00
159 500 A5 0.00 0.00
160 500 A5 0.00 0.00
161 1000 Al 0.00 0.00
162 1000 Al 0.20 0.19
163 1000 Al 0.00 0.00
164 1000 Al 0.00 0.00
165 1000 Al 0.00 0.00
166 1000 Al 0.20 0.19
167 1000 . Al 0.00 0.00
168 1000 Al 0.20 0.19
169 1000 Al 0.20 0.19
170 1000 Al 0.00 0.00
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AII-1 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT KC1 FOR 48 HOURS

‘Dose Level Observed Corrected
Observation (mg/L) Age Group1 Mortality Mortality2
171 1000 Al 0.00 0.00
172 1000 Al 0.20 0.1¢°
173 1000 Al 0.00 0.00
174 1000 Al 0.00 0.00
178 1000 Al 0.00 0.00
176 1000 Al 0.00 0.00
177 1000 A2 0.40 0.40
178 1000 A2 0.20 0.20
179 1000 A2 0.40" 0.40
180 1000 A2 0.00 0.00
181 1000 A2 0.40 0.40
182 1000 A2 0.80 0.80
183 1000 A2 0.40 0.40
184 1000 A2 0.40 0.40
185 1000 A2 0.20 0.20
186 1000 A2 0.20 0.20
187 - 1000 A2 0.20 0.20
188 ‘ 1000 A2 0.00 0.00
189 1000 . A2 0.00 0.0C
190 1000 A2 0.00 0.00
191 1000 A2 0.20 0.20
192 1000 A2 0.00 0.00
193 1000 A3 0.00 0.00
194 1000 A3 0.60 0.59
195 1000 a3 0.20 0.19
196 1000 A3 0.40 0.39
197 1000 A3 0.00 0.00
198 1000 A3 0.00 0.00
199 1000 A3 0.00 0.00
200 1000 A3 0.00 0.00
201 1000 A3 0.20 0.19
202 1000 A3 0.60 0.59
203 1000 A3 0.60 0.59

0.20 0.19

204 1000 A3
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AII-1 {(Continued)

QBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT KCl FOR 48 HOURS

Dose Level Observed Corrected
Observation (mg /L) Age Group1 Mortality Mortality2
205 1000 A3 0.20 0.19
206 1000 A3 0.20 0.19
207 1000 A3 0.00 0.00
208 1000 A3 0.00 0.00
209 1000 a4 0.20 0.19
210 1000 Ad 0.00 0.00
211 1000 Ad 0.20 0.19
212 , 10090 ad 0.20 0.19
213 1000 a4 0.20° 0.19
214 1000 Ad 0.60 0.59
215 1000 Ad 0.60 0.59
216 1000 Ad 0.60 0.59
217 1000 Al 0.00 0.00
218 1000 Ad 0.00 0.00
219 1000 A4 0.00 0.00
220 1000 Ad 0.20 0.19
221 1000 Ad 0.00 0.00
222 1000 Ad 0.00 0.00
223 1000 A4 0.20 0.19
224 1000 Ad 0.00 0.00
225 1000 AS 0.40 0.40
226 1000 AbB 0.00 0.00
227 1000 A5 0.00 0.00
228 1000 Ab5 0.00 0.00
228 1000 A5 0.20 0.20
230 1000 A5 0.00 0.00
231 1000 A5 0.00 0.00
232 1000 AS 0.00 0.00
233 1000 ‘A5 0.00 0.00
234 1000 A5 0.20 0.20
235 1000 A5 0.00 0.00
236 1000 A5 0.20 0.20
237 1000 A5 0.20 "0.20
238 1000 A5 0.20 0.20
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AII-1 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT KCl FOR 48 HOURS

Dose Level ~ Observed Corrected
Observation (mg /L) Age Group1 Mortality Mortality2
240 1000 AS 0.00 "0.00
241 . 1250 Al 0.00 0.00
242 1250 Al 0.20 0.19
243 1250 Al 0.00 0.00
244 1250 Al 0.00 0.00
245 1250 Al 0.40 0.39
246 1250 Al 0.80 0.80
247 1250 Al 0.80 - 0.80
248 1250 Al 0.60" 0.59

249 1250 Al 0.60 0.59 -
250 1250 Al 0.80 0.80
251 1250 al 0.80 0.80
252 1250 Al 0.20 0.19
253 1250 Al 0.60 0.59
254 1250 Al 0.20 0.19
255 1250 Al 0.20 0.19
256 1250 Al 0.40 0.39
257 1250 A2 0.80 0.80
258 1250 A2 0.60 0.60
259 1250 A2 0.60 0.60
260 1250 A2 0.80 0.80
261 1250 A2 0.60 0.60
262 1250 A2 1.00 1.00
263 1250 A2 0.80 0.80
264 1250 A2 1.00 1.00
265 ' 1250 AZ 0.80 0.80
266 1250 A2 1.00 1.00
267 1250 A2 0.60 0.60
268 1250 A2 0.20 0.20
269 1250 A2 0.40 0.40
270 1250 A2 0.20 0.20
271 1250 A2 0.40 0.40
272 1250 A2 0.40 0.40
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METROPOLITAN WATEE RECLAMATION DISTRICT OF GREATER CHICAGC
TABLE AII-1 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT KCl FOR 48 HOURS

Dose Level , Observed Corrected
Obgservation (mg /L) Age Group Mortality Mortality”
" 273 1250 ' A3 0.60 '0.59
274 1250 A3 0.60 0.59
275 1250 A3 0.60 0.59
276 1250 A3 0.40 0.39
277 1250 A3 0.80 0.80
278 1250 A3 0.60 0.59
279 1250 A3 0.80 0.80
280 1250 A3 0.80 0.80
281 1250 A3 0.80" 0.80
282 1250 A3 0.40 0.3¢
283 1250 A3 1.00 1.00
284 1250 A3 0.40 0.39
285 1250 A3 1.00 1.00
286 1250 A3 0.80 0.80
287 1250 A3 0.60 0.59
288 1250 A3 1.00 1.00
2889 1250 Ad 0.80 0.80
2580 1250 A4 0.40 0.39
291 1250 Ad 0.80 0.80
292 1250 A4 0.40 0.39
293 1250 A4 -0.60 0.59
294 1250 a4 0.40 0.39
295 1250 .Y 1.00 1.00
296 1250 a4 0.60 0.59
237 1250 A4 0.00 0.00
298 1250 ) Ad 0.20 0.19
2929 1250 Ad 0.00 0.00
200 1250 A4 0.60 0.59
301 1250 A4 0.80 0.80
302 1250 Ad 0.60 0.58
3063 1250 24 0.40 0.39
304 1250 A4 0.60 0.59
305 1250 AS 0.20 0.20
306 1250 AS 0.40 0.40

AII-9S



METROPOLITAN WATER RECLAMATICN DISTRICT OF GREATER CHICAGO
TABLE AII-1 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT KC1l FOR 48 HOURS

Dose Level Observed Corrected
Observation (mg/L) Age,Group1 Mortality Mortality2
307 1250 AL 0.20 0.20
308 1250 AS 0.20 0.20
309 1250 A5 0.40 0.40
310 1250 AL 0.60 0.60
311 1250 A5 0.40 0.40
312 1250 A5 0.60 0.60
313 1250 AS 0.20 0.20
314 1250 A5 0.40 0.40
315 1250 A5 1.00" 1.00
316 1250 A5 0.20 0.20
317 1250 A5 0.60 0.60
318 1250 A5 0.80 0.80
31¢ 1250 AS 1.00 1.0¢C
320 1250 A5 1.00 1.00
321 1500 Al 0.20 0.19
322 1500 Al 0.40 0.39
323 1500 Al 0.60 0.59
324 1500 Al 0.60 0.59
325 1500 Al 0.80 0.80
326 1500 Al 1.00 1.00
327 1500 Al 1.00 1.00
328 1500 Al 1.00 1.00
329 1500 Al 1.00 1.00
330 1500 Al 0.80 0.80
331 1500 Al 0.60 0.59
332 1500 Al 0.80 0.80
333 1500 Al 0.60 . 0.59
334 1500 Al 1.00 1.00
335 1500 Al 1.00 1.00
336 1500 Al 0.40 0.39
337 1500 A2 1.00 1.00
338 1500 A2 1.00 1.00
339 1500 A2 1.00 1.00
340 1500 A2 0.80 0.80
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AII-1 (Continued)

ORSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT KCl FOR 48 HOURS

Dose Level Observed Correcte@
Observation {mg /L) Age Group® Mortality Mortality”
341 1500 a2 1.00 1.00
342 1500 A2 1.00 1.00
343 1500 A2 1.00 1.00
344 1500 A2 1.00 1.00
345 1500 A2 1.00 1.00
346 1500 A2 1.00 1.00
347 1500 A2 0.80 0.80
348 1500 A2 1.00 1.00
349 1500 A2 0.80" 0.80
350 1500 A2 0.80 0.80
351 1500 A2 0.60 0.60
352 1500 A2 0.60 0.60
353 1500 A3 1.00 1.00
354 1500 A3 1.00 1.00
3155 1500 A3 1.00 1.00
356 1500 A3 0.80 0.80
357 1500 A3 1.00 1.00
358 1500 A3 1.00 1.00
359 1500 A3 1.00 1.00
360 1500 A3 1.00 1.00
3481 1500 A3 1.00 1.00
3562 1500 A3 1.00 1.00
363 1500 A3 1.00 1.00
364 1500 A3 1.00 1.00
365 1500 A3 1.00 1.00
E11 1500 A3 1.00 1.00
3&7 1500 A3 1.00 1.00
368 1500 A3 1.00 1.00
369 1500 ad 1.00 1.00
370 1500 Ad 1.00 1.00
371 1500 aAd 0.80 0.80
372 1500Q 24 1.00 1.00
373 1500 A4 1.00 1.00
374 1500 A4 1.00 1.00
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE ATIT-1 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT KCl FOR 48 HOURS

Dose Level Observed Corrected
Observation {mg/L) Age Group1 Mortality Mortality2
- 375 1500 A4 1.00 1.00
376 1500 a4 1.00 1.00
377 1500 Ad 1.00 1.00
378 1500 Ad 1.00 1.00
379 1500 : A4 1.00 1.00
380 1500 A4 1.00 1.00
381l 1500 Al 1.00 1.00
382 1500 Ad 0.60 0.5%
383 1500 Al 1.00- 1.00
384 1500 Ad 0.60 0.59
385 1500 A5 0.80 0.80
386 1500 A5 0.80 0.80
387 1500 AS 0.60 0.60
388 1500 A5 1.00 1.00
389 1500 AS 1.00 1.00
390 1500 A5 1.00 1.00
391 1500 AS 1.00 1.00
392 1500 A5 1.00 1.00
363 1500 A5 0.80 0.80
394 1500 A5 1.00 1.00
395 1500 A5 0.80 0.80
396 1500 A5 0.60 0.60
397 1500 A5 1.00 1.00
398 1500 ' AS 1.00 1.00
399 1500 A5 1.00 1.00
400 1500 - - A5 1.00 1.00

'Al: 1 to 2-day old fish; A2: 3 to 4-day old fish;
A3: 7 to 8~day old fish; A4: 11 to 12-day old fish;:
A5: 13 to 1l4-day old fish.

2Mortality data corrected using Abbott’s formula.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE ATI-2

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT SDS FOR 48 HOURS

Dose Level Observed Correctequ
Observation (mg/L) Age Group' Mortality Mortality”
1 10 Al 0.00 0.00
2 10 Al 0.00 0.00
3 10 Al 0.00 0.00
4 10 Al 0.00 0.00
5 10 Al 0.00 0.00
& 10 Al 0.00 0.00
7 10 Al 0.00 0.00
g 10 Al 0.00 0.00
g 10 Al 0.00 0.00
10 10 Al 0.00 0.00
11 10 Al 0.00 0.00
1z 10 Al 0.00 0.00
13 10 Al 0.00 0.00
14 10 al 0.00 0.00
15 10 Al 0.00 0.00
16 10 Al 0.00 0.00
17 10 A2 0.00 0.00
18 10 A2 0.00 0.00
19 10 A2 0.00 0.00
20 10 A2 0.00 0.00
21 10 aAZ 0.00 0.00
22 10 A2 0.00 0.00
23 10 AZ 0.00 0.00
24 10 A2 0.00 .00
25 i0 A2 .00 0.00
26 i0 A2 0.00 0.40
.27 10 A2 0.00 0.00
28 10 A2 0.00 0.00
29 10 AZ 0.00 0.00
30 10 A2 0.00 0.0¢0
31 10 A2 0.00 0.G60
32 10 A2 0.00 0.00
33 10 A3 0.00 0.0606
34 10 A3 0.00 0.00
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AII-2 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT SDS FOR 48 HOURS

Dose Level Observed Corrected
Observation (mg/L) Age Group1 Mortality Mortality2
35 10 A3 0.00 0.00
36 10 A3 0.00 0.00
37 10 A3 0.00 c.00
38 10 A3 .00 0.00
39 10 A3 0.00 0.00
40 ' 10 A3 0.00 0.00
41 10 a3 0.00 0.00
42 10 A3 0.00 0.00
43 10 A3 0.00 0.00
44 10 A3 0.00 0.00
45 10 A3 0.00 6.00
46 10 A3 0.20 0.20
47 10 A3 0.00 0.00
48 10 A3 0.00 0.00
49 10 ' Al 0.00 0.00
50 10 Ad 0.00 0.00
51 10 A4 0.00 0.00
52 10 A4 0.00 0.00
53 10 Ad 0.00 0.00
54 10 Ad 0.00 0.00
55 10 A4 0.00 0.00
56 10 A4 0.00 0.00
57 - 10 Ad 0.00 0.00
58 10 Ad 0.00 0.00
59 10 A4 0.00 0.00
60 10 Ad 0.00 0.00
61 10 Ad 0.00 0.00
62 10 Ad 0.00 0.00
63 10 A4 0.00 0.00
64 10 24 0.00 0.00
65 10 A5 0.00 0.00
66 10 AS 0.00 0.00
67 10 A5 0.00 0.00
68 10 A5 0.00 0.00
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
. TABLE AIT-2 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT SDS FOR 48 HOURS

Dose Level Observed Corrected
Observation {mg/L) Age Group1 Mortality Mortali’f:y’2
69 10 " AL 0.00 0.00
70 10 A5 0.00 0.00
71 10 A5 0.00 0.00
72 10 A5 0.00 0.00
73 10 AL 0.00 0.00
74 10 A5 0.00 0.00
75 10 A5 0.00 0.00
76 10 Ab 0.00 0.00
77 10 A5 0.00 0.00
78 10 A5 0.00 0.00
79 10 AS. 0.00 0.00
20 10 A5 0.00 0.00
81 20 Al 0.00 0.006
82 20 Al 0.00 0.00
83 20 Al 0.00 0.00
84 20 Al 0.00 0.00
85 20 Al 0.40 0.40
86 20 Al 0.00 0.00
87 20 Al 0.00 0.00
83 20 Al 0.00 0.00
89 20 Al 0.00 0.00
80 20 Al 0.00 0.00
g1 20 Al 0.00 0.00
92 20 Al 0.00 0.00
93 20 Al 0.00 0.00
94 20 Al 0.00 0.00
95 20 Al 0.00 0.00
96 20 Al 0.00 0.00
97 20 A2 0.20 0.19
98 20 A2 0.40 0.3%
99 20 A2 1.00 1.00
100 20 a2 1.00 1.00
101 20 A2 0.00 0.00
102 20 A2 0.00 0.00
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AII-2 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT SDS FOR 48 HOURS

‘ Dose Level - Cbserved Corrected
Observation (mg /L) Age (‘;‘xroup1 Mortality Mortality’
103 20 CA2 0.20 0.19
104 20 A2 .00 0.00
105 20 A2 0.00 0.00
106 20 A2 0.00 0.00
107 20 A2 0.00 0.00
108 20 A2 0.20 0.19
109 20 A2 0.00 0.00
110 20 A2 0.00 0.00
111 20 a2 0.20 0.19
112 20 A2 0.00 0.00
113 20 A3 0.00 0.00.
114 . 20 A3 0.20 0.20
115 20 ' A3 0.00 0.00
116 20 A3 0.00 0.00
117 20 A3 0.00 0.00
118 20 A3 0.20 0.20
119 20 A3 0.00 0.00
120 20 A3 0.00 0.00
121 20 A3 0.00 c.00
122 20 A3 0.00 0.00
123 20 A3 0.00 0.00
124 20 A3 0.00 0.00
125 20 A3 0.20 0.20
126 20 A3 0.20 0.20
127 20 A3 0.40 0.40
128 20 A3 0.20 0.20
129 20 Ad 0.00 0.00
130 20 A4 0.00 0.00
131 20 Ad 0.00 0.00
132 20 - a4 0.20 0.19
133 20 ‘ A4 0.00 0.00
134 20 Ad 0.00 0.00
135 20 A4 0.00 0.00
136 20 a4 0.00 0.00
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METROPOLTTAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
. TABLE AIT-2 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT SDS FOR 48 HOURS

Dose Level Observed Correcte@
Observation (mg/L) Age Groupl Mortality Mortalityg
137 20 "Ad 0.00 0.00
138 20 Al 0.00 0.G0¢
139 20 Ad 0.00 0.00
140 20 A4 0.00 0.00
141 20 Ad 0.00 0.080
142 20 Ad 0.00 0.00
143 20 Al 0.00 0.00C
144 20 Ad 0.00 0.00
145 20 A5 0.00 0.00
146 : 20 A5 0.00 0.00
147 20 A5, 0.00 0.00
148 20 A5 0.00 0.090
149 20 A5 0.00 0.00
150 20 AS5 0.00 0.00
151 20 A5 0.00 0.00
152 20 A5 0.00 0.00
153 20 A5 0.20 0.20
154 20 AS 0.00 0.00C
155 20 A5 0.00 0.00
156 20 A5 0.00 0.00
157 20 ‘ AS 0.20 0.20
158 20 ‘ A5 0.20 0.20
159 20 A5 0.00 0.00
160 20 A5 0.20 0.20
161 30 Al 0.40 0.40¢
162 30 Al 0.40 0.40
163 30 Al 0.20 0.20
164 30 Al 0.60 0.60
165 30 Al 1.00 1.00
166 30 . Al 1.00 1.00
167 30 Al 0.40 0.40
168 30 a2l 0.80 0.89
169 30 ‘ Al 0.00 0.00
170 30 Al 0.80 0.80
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AIT-2 {(Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT SDS FOR 48 HOURS

Dose Level Observed Corrected
Observation (mg /L) Age Group1 Mortality Mortality2
171 30 “Al 0.60 0.60
172 30 Al 0.20 0.20
173 30 Al 0.20 0.20
174 30 Al 0.60 0.60
175 30 Al 0.20 0.20
176 30 Al 0.60 0.60
177 30 A2 1.00 1.00
178 30 A2 1.00 1.00
179 30 A2 1.00 1.00
180 .30 A2 1.00 ©1.00
181 30 A2 0.60 0.59
182 30 A2 1.00 1.00
183 30 A2 0.80 0.80
184 30 A2 0.80 0.80
185 30 A2 1.00 1.00
186 30 A2 0.80 0.80
187 30 A2 1.00 1.00
188 30 A2 1.00 1.00
189 30 A2 1.00 1.00
190 30 A2 1.00 1.00
191 30 A2 1.00 1.00
192 30 A2 1.00 1.00
193 30 A3 1.00 1.00
194 30 A3 1.00 1.00
195 30 A3 0.60 0.60
196 30 A3 0.80 0.80
197 30 A3 0.20 0.20
198 30 A3 1.00 1.00
199 30 A3 0.60 0.60
200 30 A3 1.00 1.00
201 30 A3 0.80 0.80
202 30 A3 1.00 1.00
203 30 A3 1.00 1.00
204 30 A3 1.00 1.00
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AII-2 (Continued)

OBSERVED AND CORRECTED MCRTALITY RATES OF FISH
EXPOSED TO THE TOXICANT SDS FOR 48 HOURS

Dose Level Observed Corrected
Observation (mg/L) Age Group® Mortality Mortalityz
205 30 A3 1.00 1.00
206 30 A3 1.00 1.00
207 30 A3 1.00 1.00
208 30 A3 1.00 1.00
209 30 Ad 1.00 1.00
210 30 Ad 1.00 1.00
211 30 Ad 1.00 1.00
212 30 Ad 1.00 1.00
213 30 CAd 0.40 0.39
214 30 Ad 0.40 0.39
215 30 Ad 0.20 0.19
216 30 ‘ Ad 0.80 0.80
217 30 Ad 1.00 1.900
218 30 Ad 1.00 1.00
218 30 Ad 0.80 0.80
220 30 Ad 1.00 1.00
221 30 A4 1.00 1.00
222 30 - A4 1.00 1.00
223 30 Ad 1.00 1.00
224 30 A4 1.00 1.00
225 30 A5 1.00 1.00
226 30 A5 1.00 1.00
227 30 A5 1.00 1.00
228 30 AS 0.80 0.80
229 30 A5 1.00 1.00
230 30 A5 1.00 1.00
231 30 A5 1.00 1.00
232 30 A5 0.80 0.80
233 30 A5 1.00 1.00
234 20 AD 0.60 0.60
235 30 A5 1.00 1.00
- 236 30 A5 0.80 0.80
. 237 30 A5 0.80 0.80
238 30 A5 1.00 1.00
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AII-2 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT SDS FOR 48 HOURS

Dose Level Observed Corrected
Observation (mg/L) Age Group' Mortality Mortality?
239 30 - © A5 1.00 1.00
240 30 A5 1.00 1.00
- 241 35 Al 1.00 1.00
- 242 35 Al 1.00 1.00
243 : 35 Al 1.00 1.00
244 35 Al 1.00 1.00
245 35 Al 1.00 1.00
246 35 Al 1.00 1.00
247 35 Al 1.00 1.00
248 35 al 1.00 1.00
249 35 Al 1.00 1.00
250 35 Al 1.00 1.00
251 35 Al 1.00 1.00
252 35 Al 1.00 1.00C
253 35 Al 0.80 0.80
254 35 Al 1.00 1.00
255 35 Al 1.00 1.00
256 35 Al 1.00 1.00
257 35 A2 1.00 1.00
258 35 A2 1.00 1.00
259 35 A2 1.00 1.60
260 35 A2 1.00 1.00
261 35 A2 1.00 1.00
262 35 ' A2 1.00 1.00
263 35 A2 1.00 1.00
264 35 A2 1.00 1.00
265 35 A2 1.00 1.00
266 35 A2 1.00 1.00
267 35 A2 1.00 1.00
268 35 A2 1.00 1.00
269 35 A2 1.00 1.00
270 35 A2 1.00 1.00
271 35 A2 1.00 1.00
272 35 A2 1.00 1.00
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE ATI-2 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT SDS FOR 48 HOURS

Dose Level Observed Corrected
Observation {mg/L) Age Group1 Mortality Mortality”
273 35 A3 1.00 1.00
274 35 " A3 1.00 1.00
275 35 A3 1.00 1.006
276 35 A3 1.00 1.00
277 35 A3 1.00 1.60
278 35 A3 1.00 1.00
279 35 A3 1.00 1.00
280 35 A3 - 1.00 1.00
281 35 A3 1.00 1.00
282 35 A3 1.00 1.00
283 35 A3 1.00 1.00C
284 35 A3 1.00 1.66
285 35 A3 1.00 1.00
286 35 A3 1.00 1.00
287 35 A3 1.00- 1.0C
288 35 A3 1.00 1.0C
289 35 Ad 1.00 1.00
290 35 Ad 1.00 1.00
291 35 A4 1.00 1.00
2982 35 Ad 1.00 1.00
293 35 Ad 1.00 1.00C
294 35 A4 1.00 1.00
295 35 A4 1.060 1.00
296 35 Ad 1.00 1.00
297 35 U 1.00 1.00
298 35 ' Ad 1.060 1.00
289 35 A4 1.00 1.0¢6
300 35 Ad 1.00 1.00
301 35 ' Ad 1.00 1.00
302 35 Ad 1.00 1.00
303 35 Ad 1.00 1.0C
304 : 35 Ad 1.00 1.00
305 35 A5 1.00 1.00
306 35 AS 1.00 1.00

AII-21



METROPOLITAN WATER RECLAMATION DISTRICT QF GREATER CHICAGO
TABLE AII-2 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT SDS FOR 48 HOURS

Dose Level . Observed Corrected
Observation {(mg /L) Age Group1 Mortality 'Mortalityz
307 35 A5 1.00 1.00
308 35 A5 1.00 1.00
309 35 A5 1.00 1.00
310 35 A5 1.00 1.00
311 35 A5 1.00 1.00
312 35 A5 1.00 1.00
313 35 AS 1.00 1.00
314 35 AS 1.00 1.00
315 35 A5 1.00 1.00
316 35 A5 1.00 1.00
317 35 A5 1.00 1.00
318 35 A5 1.00 1.00
319 35 : A5 1.00 1.00
320 35 A5 1.00 1.00
321 40 Al 1.00 1.00
322 40 Al 1.00 1.00
323 40 Al 1.00 1.00
324 40 Al 1.00 1.00
325 40 ‘ Al 1.00 1.00
326 40 Al 1.00 1.00
327 40 Al 1.00 1.00
328 40 Al 1.00 1.00
329 40 Al 1.00 1.00
330 40 Al 1.00 - 1.00
331 40 Al 1.00 1.00
332 40 Al 1.00 1.00
333 ) 40 Al 1.00 1.00
334 40 Al 1.00 1.00
335 40 Al 1.00 1.00
336 40 Al 1.00 1.00
337 40 A2 1.00 1.00
338 40 A2 1.00 1.00
339 40 A2 1.00 1.00
340 40 A2 1.00 1.00
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AII-2 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT SDS FOR 48 HOURS

Dose Level Observed Correctad
Observation (mg/L) Age Group1 Mortality Mortaliﬁyz
341 40 iV 1.00 1.00
342 40 A2 1.00 1.00
343 40 A2 1.00 1.00
344 40 ] A2 1.00 1.09
345 a0 A2 1.00 1.00
346 40 A2 1.00 1.00
347 40 A2 1.00 1.00
348 40 A2 1.00 1.00
349 40 A2 1.00 1.00
350 40 A2 1.00 1.00
351 40 A2, 1.00 1.00
352 40 ' A2 1.00 1.00
353 40 A3 1.00 1.00
354 40 A3 1.00 1.00
355 40 A3 1.00 1.00
356 40 A3 1.00 1.00
357 40 A3 1.00 1.00
358 40 A3 1.00 1.00
359 40 A3 1.00 1.08
360 40 A3 1.00 1.00
361 40 A3 1.00 1.00
362 40 A3 1.00 1.00
363 40 A3 1.00 1.00
364 40 A3 1.00 1.00
365 40 A3 1.00 1.60
366 40 ) A3 1.00 1.00
367 40 A3 1.00 1.00
368 40 A3 1.00 1.00
369 40 Ad 1.00 1.00
370 40 Ad 1.00 1.00
371 40 A4 1.00 1.00
372 40 A4 1.00 1.00
373 40 A4 1.00 1.00
374 40 Ad 1.00 1.00
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGCO
TABLE AII-2 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH
EXPOSED TO THE TOXICANT SDS FOR 48 HQURS

Dose Level Observed Corrected
Observation (mg/L) Age Group1 Mortality Mortality2
375 40 - A4 1.00 1.00
376 40 A4 1.00 1.00
377 40 A4 1.00 1.00
378 40 ad 1.00 1.00
379 40 A4 1.00 1.00
380 40 A4 1.00 1.00
381 40 Ad 1.00 1.00
382 40 Ad 1.00 1.00
383 40 24 1.00 1.00
384 40 A4 1.00 1.00
385 40 - A5 1.00 1.00
386 40 A5 1.00 1.00
387 40 A5 1.00 1.00
388 40 A5 1.00 1.00
389 40 A5 1.00 1.00
390 40 A5 1.00 1.00
391 40 A5 1.00 1.00
392 40 A5 1.00 1.00
393 40 A5 1.00 1.00
394 40 "A5 1.00 1.00
395 40 A5 1.00 1.00
396 ‘ 40 A5 1.00 1.00
397 40 A5 1.00 1.00
398 40 A5 1.00 1.00
399 40 ' AS 1.00 1.00
400 40 A5 1.00 1.00

'Al1: 1 to 2-day old fish; A2: 3 to 4-day old fish;
A3: 7 to 8-day old fish. a4: 11 to 12-day old fish;
25: 13 to 1l4-day fish.

2Mortality data corrected using Abbott’s formula.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AII-3

OBSERVED AND CORRECTED MORTALITY RATES OF FISH EXPOSED
TO THE KC1 + SDS TOXICANT COMBINATION FOR 48 HOURS

-

Dose Level ) Observed Correc%:ec;
Obhservation (% max mg/L) Age Group Mortality Mortality”

1 0.17 © Al 0.00 0.00
2 0.17 Al 0.00 0.00
3 0.17 Al 0.00 0.00
4 0.17 Al 0.00 0.GC
5 0.17 Al 0.00 0.00
6 0.17 Al 0.00 0.60
7 0.17 Al 0.00 0.00
8 0.17 Al 0.00 0.00
9 0.17 Al 0.00 0.06¢
10 0.17 Al 0.00 0.00
11 0.17 al 0.00 0.00
12 0.17 Al 0.00 0.0¢
13 0.17 Al 0.00 0.0C
14 0.17 Al 0.00 0.00
15 0.17 Al 0.00 0.00C
16 0.17 Al 0.00 0.00
17 0.17 A2 0.00 0.06
18 0.17 A2 0.00 0.00
19 0.17 A2 0.00 0.00
20 0.17 A2 0.00 0.00G
21 0.17 A2 0.20 0.20
22 0.17 A2 0.00 0.060
23 0.17 A2 0.00 0.00
24 0.17 A2 0.00 0.00
25 0.17 A2 0.00 0.00
26 0.17 A2 0.00 0.00
27 0.17 A2 0.00 0.60
28 0.17 A2 0.00 0.00
29 0.17 A2 0.00 0.60C
30 0.17 A2 0.00 0.00
31 0.17 A2 0.00 0.00
32 0.17 _ A2 0.00 0.00
33 0.17 , A3 0.00 0.00
34 0.17 A3 0.00 0

.00
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AII-3 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH EXPOSED
TO THE KCl + SDS TOXICANT COMBINATION FOR 48 HOURS

Doée Level Observed Corrected
Observation (% max mg/L} Age Groupl Mortality Mortality2

35

0.17 © A3 0.00 0.00
36 0.17 A3 0.00 0.00
37 0.17 A3 0.00 0.00
38 0.17 A3 0.00 0.00
39 0.17 A3 0.00 0.00
40 0.17 A3 0.00 0.00
41 0.17 A3 0.00 0.00
42 0.17 A3 0.00 0.00
43 "0.17 A3 0.00 0.00
44 0.17 A3 0.00 0.00
45 0.17 A3 0.00 0.00
46 0.17 A3 0.00 0.00"
47 0.17 A3 0.00 0.00
48 0.17 A3 0.00 0.00
49 0.17 Ad 0.00 0.00
50 0.17 Ad 0.00 0.00
51 0.17 24 0.00 0.00
52 0.17 A4 0.00 0.00
53 0.17 Ad 0.00 0.00
54 0.17 ad 0.00 0.00
55 0.17 A4 0.00 0.00
56 0.17 Ad 0.00 0.00
57 0.17 Ad 0.00 0.00
58 0.17 a4 0.00 0.00
59 0.17 a4 0.00 0.00
60 0.17 A4 0.00 0.00
61 0.17 a4 0.00 0.00
62 0.17 A4 0.00 0.00
63 0.17 B4 0.00 0.00
64 0.17 Ad '0.00 0.00
65 0.17 A5 0.00 0.00
66 0.17 AS 0.00 0.00
67 0.17 A5 0.00 0.00
68 0.17 AS 0.00 0.00
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AII-3 (Continued)

CBSERVED AND CORRECTED MORTALITY RATES OF FISH EXPOSED
TO THE KC1 + SDS TOXICANT COMBINATION FOR 48 HOURS

Dose Level . Observed Correcte@
Observation (% max mg/L) Age Group Mortality Mortality”

69 0.17 AS - 0.00 0.00
70 0.17 AS ©0.00 0.00
71 0.17 A5 0.00 0.00
72 0.17 A5 0.00 0.00
73 0.17 A5 0.00 0.00
74 0.17 A5 0.00 0.00
75 0.17 a5 0.20 0.20
76 0.17 A5 0.00 0.00
77 0.17 a5 0.00 0.00
78 0.17 AS 0:00 0.00
79 0.17 a5 0.00 0.00
80 0.17 A5 0.20 0.20
81 0.34 _ a1l 0.00 0.00
82 0.34 a1 0.00 0.00
83 0.34 a1 0.00 0.00
84 0.34 Al 0.00 0.00
85 0.34 Al 0.00 0.00
86 0.34 a1l 0.00 0.00
87 0.34 Al 0.00 0.00
88 0.34 Al 0.00 0.00
89 0.34 al 0.00 0.0C-
90 0.34 Al 0.20 0.20
91 0.34 Al 0.00 0.00
92 0.34 Al 0.00 0.00
93 0.34 Al 0.20 0.20
94 0.34 al 0.20 0.20
95 0.34 a1l 0.20 0.20
96 0.34 Al 0.00 0.00
97 0.34 A2 0.00 0.00
98 0.34 A2 0.00 0.60
99 0.34 A2 0.00 0.00
100 0.34 ' a2 0.20 0.20
101 0.34 A2 0.40 0.40
102 0.34 A2 0.00 0.00
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' METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AII-3 (Continued)

OBRSERVED AND CORRECTED MORTALITY RATES OF FISH EXPOSED
TO THE KC1 + SDS TOXICANT COMBINATION FOR 48 HOURS

Dose Level Observed Corrected
Observation (% max mg/L) Age G:r:oup1 Mortality Mo::‘tality2

103 0.34 A2 " 0.20 0.20
104 0.34 A2 0.00 0.00
105 0.34 A2 0.00 0.00
106 0.34 A2 0.00 0.00
107 0.34 A2 0.00 0.00
108 0.34 A2 0.00 0.00"°
109 0-.34 A2 0.20 0.20
110 0.34 A2 0.00 0.00
111 0.34 A2 0.00 0.00
112 0.34 A2 0:00 0.00
113 0.34 ' A3 0.00 0.00
114 0.34 _ A3 0.00 0.00
115 0.34 . A3 0.00 0.00
116 0.34 A3 0.00 0.00
117 0.34 A3 0.00 0.00
118 0.34 A3 0.00 0.00
119 0.34 A3 0.00 0.00
120 0.34 A3 0.00 0.00
121 0.34 A3 0.00 0.00
122 0.34 A3 0.20 0.20
123 0.34 | A3 0.00 0.00
124 0.34 A3 0.00 0.00
125 0.34 A3 0.00 0.00
126 0.34 A3 0.20 0.20
127 0.34 A3 0.00 0.00
128 0.34 A3 0.00 0.00
129 0.34 A4 0.00 0.00
130 0.34 a4 0.00 0.00
131 0.34 ' Ad 0.00 0.00
132 0.34 A4 0.00 0.00
133 0.34 a4 0.00 0.00
134 0.34 Ad 0.00 0.00
135 0.34 A4 0.00 0.00
136 0.34 a4 0.00 0.00
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AII-3 (Continued)

ORSERVED AND CORRECTED MORTALITY RATES OF FISH EXPOSED
TO THE KC1 + SDS TOXICANT COMBINATION FOR 48 HOURS

Dose Level . Observed Correc:te‘dz
Observation (% max mg/L) Age Group Mortality Mortality

137 0.34 Y 0.00 0.00
138 0.34 A4 0.00 0.00
139 0.34 Ad 1 0.00 0.00
140 0.34 A4 0.00 0.00
141 0.34 A4 0.00 0.00
142 0.34 A4 0.00 0.00
143 0.34 a4 0.00 0.00
144 0.34 A4 0.00 0.00
145 0.34 a5 0.00 0.00
146 0.34 A5 0.00 0.00
147 0.34 A5 0.00 0.00
148 0.34 AS 0.00 0.00
149 0.34 AS 0.00 0.00
150 0.34 AS 0.00 0.00
151 0.34 AS 0.00 0.00
152 0.34 AS 0.20 0.20
153 0.34 a5 0.00 0.00
154 0.34 AS 0.20 0.20
155 0.34 a5 0.00 0.00
156 0.34 A5 0.00 0.00
157 0.34 AS 0.00 0.00
158 0.34 _ A5 0.20 0.20
159 0.34 a5 0.00 0.00
160 0.34 AS 0.00 0.00
161 0.67 Al 0.00 0.00
162 0.67 Al 0.20 0.20
163 0.67 Al 0.20 0.20
164 0.67 al 0.40 0.40
165 0.67 Al 0.60 0.60
166 0.67 Al 0.40 0.40
167 0.67 Al 0.00 0.00
168 0.67 Al 0.20 0.20
169 0.67 Al 0.40 0.40
179 0.67 a1 0.40 0.40
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AII-3 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH EXPOSED
TO THE KCl + SDS TOXICANT COMBINATION FOR 48 HOURS

Dose Level , Observed Corrected
Observation (% max mg/L) Age Group Mortality Mortality2

171 0.67 Al 0.20 0.20
172 0.67 a1 0.40 0.40
173 0.67 Al 1.00 1.00
174 0.67 a1 1.00 1.00
175 0.67 a1l 1.00 1.00
176 0.67 Al 1.00 1.00
177 0.67 A2 1.00 1.00
178 0.67 A2 0.40 0.40
179 0.67 A2 0.40 0.40
180 0.67 A2 0.60 0.60
181 0.67 A2 1.00 1.00
182 0.67 a2 0.80 0.80
183 0.67 A2 1.00 1.00
184 0.67 A2 1.00 1.00
185 0.67 A2 0.80 0.80
186 0.67 A2 1.00 1.00
187 0.67 A2 0.60 0.60
188 0.67 . A2 0.80 0.80
189 0.67 A2 0.80 0.80
190 0.67 A2 0.20 0.20
191 0.67 A2 0.00 0.00
192 0.67 A2 0.20 0.20
193 0.67 a3 0.80 0.80
194 0.67 a3 0.80 0.80
195 0.67 a3 0.80 0.80
196 0.67 a3 0.60 0.60
197 0.67 a3 0.60 0.60
198 0.67 a3 1.00 1.00
199 0.67 a3 1.00 1.00
200 0.67 A3 1.00 1.00
201 0.67 a3 1.00 1.00
202 0.67 a3 1.00 1.00
203 0.67 . A3 1.00 1.00
204 0.67 A3 1.00 1.00
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGD
TABLE AII-3 (Continued)

ORBSERVED AND CORRECTED MORTALITY RATES OF FISH EXPOSED
TO TEE KCl + SDS TOXICANT COMBINATION FOR 48 HOURS

Dose Level Observed Corrected
Observation (% max mg/L) Age Group' Mortality Mortality’

205 0.67 - 0.80 0.80
206 0.67 A3 0.60 0.60
207 0.67 A3 0.40 0.40
208 0.67 A3 0.80 0.80
209 0.67 Ad 0.60 0.690
210 0.67 Ad 0.60 0.60
211 0.67 Ad 0.80 0.80
212 0.67 ad 0.80 0.80
213 0.67 A4 1.00 1.00
214 0.67 Ad 0.60 0.60
215 0.67 a4 0.40 0.40
216 0.67 ( A4 0.40 0.4¢
217 0.67 Ad 1.00 1.00
218 0.67 Ad 0.60 0.60
219 0.67 a4 0.80 0.80
220 0.67 Ad 0.60 0.60
221 0.67 A4 0.40 0.40
222 0.67 Ad 1.00 1.00
223 0.67 Ad 0.60 - 0.60
224 0.67 Ad 0.60 0.60
225 0.67 A5 1.00 1.00
226 0.67 AS 1.00 1.00
227 0.67. A5 1.00 1.00
228 0.67 AS 1.00 1.00
229 0.67 AS 1.00 1.00
230 0.67 A5 1.00 1.00
231 0.67 AS 0.60 0.60
232 0.67 A5 0.60 0.60C
233 0.67 A5 0.60 0.60
234 0.67 A5 0.40 . 0.4C
235 0.67 A5 1.00 1.00C
236 0.67 AS 0.80 0.8C
237 0.67 A5 0.20 0.20C
238 0.67 A5 0.40 0.4C
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABRLE AII-3 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH EXPOSED
TO THE RC1 + SDS TOXICANT COMBINATION FOR 48 HOURS

Dose Level . Observed Corrected
Observation (% max mg/L) Age Group Mortality Moartality2

239 0.67 A5 ¢ 0.60 0.60
240 0.67 AS 0.20 0.20
241 0.83 Al " 0.80 0.80
242 0.83 Al 1.00 1.00
243 0.83 Al 1.00 1.00
244 0.83 Al 1.00 1.00
245 0.83 Al 1.00 1.00
246 0.83 Al 1.00 1.00
247 0.83 Al 1.00 1.00
248 0.83 Al 1.00 1.00
249 0.83 Al 1.00 1.00
250 0.83 Al 1.00 1.00
251 0.83 Al 1.00 1.00
252 0.83 Al 1.00 1.00
253 0.83 Al 1.00 1.00
254 0.83 Al 1.00 1.00
255 0.83 Al 1.00 1.00
256 0.83 Al 1.00 -~ 1.00
257 0.83 A2 1.00 1.00
258 0.83 A2 1.00 1.00
259 0.83 A2 1.00 1.00
260 0.83 A2 1.00 1.00
261 0.83 A2 1.00 1.00
262 0.83 A2 1.00 1.00
263 0.83 A2 1.00 1.00
264 . 0.83 A2 1.00 1.00
265 - 0.83 A2 1.00 '1.00
266 0.83 A2 1.00 1.00
267 0.83 A2 1.00 1.00
268 0.83 A2 1.00 1.00
269 0.83 A2 1.00 1.00
270 0.83 A2 1.00 1.00
271 0.83 A2 1.00 1.00
272 0.83 A2 1.00 1.00
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AII-3 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH EXPOSED
TO THE RC1l + SDS TOXICANT COMBINATION FOR 48 HOURS

Dose Level . Observed Correctzec}':
Observation (% max mg/L) Age Group Mortality Mortality’

273 0.83 . A3 1.00 1.00
274 0.83 A3 1.00 1.00
275 0.83 A3 1.00 1.00
276 0.83 A3 1.00 1.00
277 0.83 A3 1.00 1.900
278 0.83 a3 1.00 1.00
279 0.83 A3 1.00 1.00
280 0.83 A3 1.00 1.00
281 0.83 A3 1.00 1.00
282 0.83 A3 1.00 1.00
283 0.83 A3 1.00 1.00
284 0.83 A3 1.00 1.00
285 0.83 A3 1.00 1.00
286 0.83 A3 1.00 1.00
287 0.83 A3 1.00 1.00
288 0.83 A3 1.00 1.00
289 0.83 a4 1.00 1.00
290 0.83 Ad 1.00 1.00
291 0.83 . Ad 1.00 1.00
292 0.83 Ad 1.00 1.00
293 0.83 a4 1.00 1.00
294 0.83 Ad 1.00 1.00
295 0.83 A4 1.00 1.00
296 0.83 A4 1.00 1.00
297 0.83 Ad 1.00 1.00
298 0.83 Ad 1.00 1.00
299 0.83 Ad 1.00 1.00
300 0.83 ' Ad 1.00 1.00
301 0.83 Ad 1.00 1.0¢C
302 0.83 Ad 1.00 1.00
303 0.83 a4 1.00 1.00
304 0.83 a4 1.00 1.00
305 0.83 A5 1.00 1.00
306 0.83 AS 1.00 1.00
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AII-3 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH EXPOSED
TO THE RC1l + SDS TOXICANT COMBINATION FOR 48 HOURS

Dose Level - Observed Corrected
Observation (% max mg/L) Age Groupl Mortality Mortality2

307 0.83 - A5 1.00 1.00
308 0.83 A5 1.00 1.00
309 0.83 A5 1.00 1.00
310 0.83 A5 1.00 1.00
311 0.83 A5 1.00 1.00
312 0.83 A5 1.00 1.00
313 0.83 A5 1.00 1.00
314 0.83 AS 1.00 1.00
315 0.83 A5 1.00 1.00
316 0.83. A5 1.00 1.00
317 0.83 A5 1.00 1.00
318 0.83 A5 1.00 1.00
319 0.83 a5 1.00 1.00
320 0.83 A5 1.00 1.00
321 1.00 Al 1.00 1.00
322 1.00 al 1.00 1.00
323 1.00 Al 1.00 1.00
324 1.00 Al 1.00 1.00
325 1.00 Al 1.00 1.00
326 1.00 Al 1.00 1.00
327 1.00 al 1.00 1.00
328 1.00 Al 1.00 1.00
329 1.00 Al 1.00 1.00
330 1.00 Al 1.00 1.00
331 1.00 Al 1.00 1.00
332 1.00 Al 1.00 1.00
333 1.00 Al 1.00 1.00
334 1.00 Al 1.00 1.00
335 1.00 Al 1.00 1.00
336 1.00 Al 1.00 1.00
337 1.00 A2 1.00 1.00
338 1.00 A2 1.00 1.00
339 1.00 A2 1.00 1.00
340 1.00 A2 1.00 1.00
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

OBSERVED AND CORRECTED MORTALITY RATES OF FISH EXPOSED

TABLE AII-3

(Continued)

TO THE RC1 + SDS TOXICANT COMBINATION FOR 48 HOURS

Dose Level Observed Corrected
Observation (% max mg/L) Age Gz:oup1 Mortality Mortality”®
341 1.00 A2 ¢ 1.00 1.0
342 1.00 A2 1.00 1.0¢
343 1.00 A2 1.00 1.00
344 1.00 A2 1.00 1.00
345 1.00 A2 1.00 1.00
346 1.00 A2 1.00 1.00
347 1.00 A2 1.00 1.00
348 1.00 A2 1.00 1.00
349 1.00 A2 1.00 1.00
350 1.00 A2 1.00 1.00
351 1.00 A2 1.00 1.00
352 1.00 A2 1.00 1.00
353 1.00 A3 1.00 1.00
354 1.00 A3 1.00 1.060
355 1.00 A3 1.00 1.00
356 1.00 A3 1.00 1.00
357 1.00 A3 1.00 1.00
358 1.00 A3 1.00 1.00
359 1.00 A3 1.00 1.00
360 1.00 A3 1.00 1.00
361 1.00 A3 1.00 1.00
362 1.00 A3 1.00 1.00
363 1.00 A3 1.00 1.098
364 1.00 A3 1.00 1.00
365 1.00 A3 1.00 1.00
366 1.00 A3 1.00 1.00
367 1.00 A3 1.00 1.00
368 1.00 A3 1.00 1.G60
269 1.00 Ad 1.00 1.00
370 1.00 Ad 1.00 1.00
371 1.00 Al 1.00 1.60
372 1.00 Ad 1.00 1.00
373 1.00 Ad 1.00 1.0¢C
374 1.00 a4 1.00 1.00
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AII-3 (Continued)

OBSERVED AND CORRECTED MORTALITY RATES OF FISH EXPOSED
TO THE RCl + SDS TOXICANT COMBINATION FOR 48 HOURS

Dose Level Observed Corrected
Observation (% max mg/l) Age Group1 Mortality Mortality2

375 1.00 ©ad 1.00 1.00
376 1.00 Ad 1.00 1.00
377 1.00 A4 1.00 1.00
378 1.00 A4 1.00 1.00
379 1.00 A4 1.00 1.00
380 1.00 Ad 1.00 1.00
381 1.00 Ad 1.00 1.00
382 1.00 Ad 1.00 1.00
383 1.00 A4 1.00 1.00
384 1.00 Ad 1.00 1.00
385 1.00 A5 1.00 1.00
386 1.00 A5 1.00 1.00
387 1.00 A5 1.00 1.00
388 1.00 A5 1.00 1.00
389 1.00 A5 1.00 1.00
390 1.00 A5 1.00 1.00
391 1.00 A5 1.00 1.00
392 1.00 A5 1.00 1.00
393 1.00 A5 1.00 1.00
394 1.00 A5 1.00 1.00
395 1.00 A5 1.00 1.00
396 1.00 A5 1.00 1.00
397 1.00 aAS 1.00 1.00
398 1.00 AS - 1.00 1.00
399 1.00 ’ A5 1.00 1.00
400 1.00 A5 1.00 1.00

al: 1 to 2-day old fish; A2: 3 to 4-day old fish;

A3: 7 to 8-day old fish; A4: 11 to 1l2-day old fish;
A5: 13 to l4-day old fish.

‘Mortality data corrected using Abbott’s formula.
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