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SUMMARY AND CONCLUSIONS 

The Metropolitan Water Reclamation District of Greater 

Chicago (District) conducts whole effluent toxicity (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 

Pirnephales wromelas a special condition of certain District 

National Pollutant Discharge Elimination System (NPDES) per- 

mits. 

The United States Environmental Protection Agency (USEPA) 

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 

Pimeahales ~romelas 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 14-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 14-day range. This 

study was undertaken to determine: 

1. Whether age of Pime~hales ~romelas affects its 

survival response when exposed to toxicants. 
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2. Whether age of Pime~hales promelas a£ f ects 

variability associated with its survival re- 

sponse when exposed to toxicants. 

1s t h i s  study the results of 48-hour acute toxicity zests 

separately collducted with 1- to 2-, 3- to 4-, 7- to 8-, 1 L -  to 

12-, and 13- to 14-day old fish and the reference toxicants 

potassium chloride ( K C l ) ,  sodium lauryl sulfate (SDS), and KC1 

+ 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 toxicants 

KC1 or SDS, individually, are significantly 

lower than the mortality rates of 3- to 14-day 

old fish exposed to these toxicants (p -.c 

C " 0 5 )  . These results suggest that the 1- to 

2-day old fish are less sensitive to the indi- 

vldual toxicants KC1 and SDS than 3- to 14-day 

o:id fish. 

2. Standard ANOVA indicated that there are no 

statistically significant differences in the 

mortality rates of 1- to 2-, 3- to 4-, 7- to 

8 ,  11- to 12-, or 13- to 14-day old age 

groups of fish exposed to the KC1 + SDS toxi- 

cant combination. 
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3. Mean LC, values for 1- to 2-day old age groups 

of fish exposed to the toxicants KC1 and SDS 

individually, and the KC1 + SDS combination 

are all numerically higher than the mean LC,, 

values for 3- to 4-, 7- to 8-, 11- to 12-, or 

13- to 14-day old age groups of fish exposed 

to these toxicants. These results suggest 

that the 1- to 2-day old fish are less sensi- 

tive to the individual toxicants KC1, SDS, and 

the KC1 + SDS combination than 3- to 14-day 

old fish. However, standard ANOVA indicated 

that these differences are not 'statistically 

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 

KC1 and the SDS data sets using a model with 

fewer age levels, specifically, the 1- to 2- 

day age group versus the rest of the age 

groups combined. In the case of KC1 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 14-day old 

fish (p = 0.0225). In the case of SDS the re- 
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sdts of a nonparametric two sample analysis 

showed that the expected LC,, value for 1- to 

2-day old fish is significantly higher than 

the expected LC,, value for 3- to. 14-day o i d  

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 above, indicate that the 1- to 

2-day old fish are less sensitive to the indi-- 

vidual toxicants KC1 and SDS than 3- to 14-day 

old fish. 

These results are consistent with those of 

Markle et al. (2000) who reported that the LC, -. 

values of 4-, 'I-, lo-, and 14-day old fish 

(Pimenhales momelas) were significantly lower 

than those of 1-day old fish in ~ r ' ~  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 

Pimenhales promelas (USEPA, 1993) and elirni-- 

nate 1- to 2-day old fish from the currently 

allowable age range of 1- to 14-day old f i s h  

because it has been shown that the 1- to 2-day 

old fish are less sensitive to certain toxi- 

cants, i . e. , KC1, SDS, and cr+=, than the older 



fish in the allowable age range, i . e. , 3- to 

14-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 Pime~hales ~romelas WET tests. This 

would make the results of these tests more re- 

liable. This is important to both the regula- 

tor (USEPA) and the regulated 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 test, provided 

that proper testing procedures were employed. 

Coefficients of variation (CV) for all tests 

conducted with KC1, SDS, and the KC1 + 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 re- 

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. 

6 .  W s  for tests conducted with 1- to 14-day old 

fish were numerically greater than CVs f o ~  

tests conducted with 3- to 14-day old fish for 

the toxicants KC1, SDS, and the KC1 + SDS con:- 

bination. However, these differences were not 

statistically significant at the 0.05 level 

for KC1 + 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 

were not normally 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 varl- 

aSle than the LC,, data generated using 3- to 

14-day old fish. These results were consistent 

with those of Markle et al. (2000) who found 

the response of 1-day old fish to the toxi- 

cants ~r", NaPCP, SDS, and NH, to be more vari- 

able than 4- to 14-day old fish to these same 

xxi 



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 values alone, could 

be reduced by eliminating 1- to 2-day old fish 

from the current allowable age range of 1- to 

14-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 14-day old 

fish. 

In summation, the results of this study show that the 

mortality rates of fish exposed to either KC1 alone or SDS 

alone are affected by age, i.e., the 1- to 2-day old fish are 

less sensitive to the individual toxicants KC1 and SDS. The 

mortality rates of fish exposed to a KC1 + SDS toxicant com- 

binations were not af fected 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 KC1 alone, SDS alone, or KC1 + 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 KC1 alone 

or SDS alone are af f ected by age, i . e., the 1- to 2-day old 

fish are less sensitive to the individual toxicants KC1 and 

xxi i 



SDS, while the LC,, values of fish exposed to the KC1 SDS 

to.~i.cmt combination were not affected by age in this st.udy. 

The results of the more sophisticated statistical analyses 

conducted on the LC, data are in agreement with the statisti- 

cal analyses conducted on the mortality rates, and suggest 

that r,he 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 %-day old fish are less sensitive to t11e in- 

dividual toxicants KC1 and SDS. 

The results of this study, as well as those reported 

by Earkle et al. ( 2 0 0 0 ) ,  suggest that the variability associ- 

ated with acute fish WET tests, as measured by CV values 

alone, could be reduced by eliminating 1- to 2-day 016 fish 

from the allowable age range of 1- to 14-day old fish {USEPA, 

1993) and that the USEPA should revise the promulgated nethod 

for- acute WET tests with fish (USEPA, 1993) and exclude the 

use ef 1- to 2-day old fish from the allowable age range of 1- 

to 14-day old fish. 

The results of this study are consistent with some of 

those reporfed by Markle et al. (2000), who concluded t h a ~  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. 

T5e results of this study indicate that fish aGe as a 

cause of inter- and intra-laboratory variability has ntst been 

sufEficient?y addressed by the USEPA in the publication of 
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standard methods for conducting WET tests with Pimephales 

promelas (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 

L 

Biomonitorina in the District 

?'he District conducts WET tests on effluent and u2stream 

receiving water samples from its seven WRPs. The IEPA has 

made conducting WET tests with the fathead minnow Pime~llales 

promelas a special condition of certain District NPDES per- 

mit.~. 'I'he District submits biomoni toring reports to the LEPA 

to meet the requirements of the NPDES permits. The results of 

WE?' tests are also used by the District in its own programs to 

assess the effectiveness of WRP operations. Acute WET rests 

for use in the NPDES Permit Program to identify wastewater 

treatment plant effluents containing toxic materials in toxic 

con.cent;rations have been described by the USEPA (1993) . The 

District uses the USEPA methods as specified in its NPDES per- 

mits. 

P,artici.~ation of the District in NPDES Discharae Moni&orinq - 
Re~ort - Oualitv Assurance Proaram 

The USEPA and related state agencies conduct the NPDES 

Discharge Monitoring Report - Quality Assurance (DMR-QAf Pro- 

gram fcx 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 IEPA 

has included. acute WET testing of District effluents with the 



fathead minnow, Pimephales ~romelas, in District MPDES permits 

under special "biomonitoring conditions." The District must, 

therefore, conduct acute WET tests with Pime~hales ~romelas in 

DMR-QA toxicity studies. 

Description of DMR-OA Toxicity Proaram 

The DMR-QA Toxicity Program is administered by the Toxic- 

ity Coordinator in the USEPA Off ice 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 report the results of 

toxicity tests to the USEPA contractor. 

D g s  

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 participating 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 state EPA coordinator and demonstrate that 

corrective action has been taken. 



~ariabilitv Associated with Pimephales ~romelas 
Acute Toxicity Tests 

A:~though WET testing is a valuable tool, interpretation 

of results are often complicated by variability assarlated 

with the tests. In particular, the problems associated with 

false positive results (Type I errors) and "unacceptable re- 

sul.tsii due to both inter- and intra-laboratory variabiliry are 

pos;sible and have not been sufficiently addressed (Dhaliwal & 

&. , 1995; Warren-Hicks et al., 1999; Moore et &. , 2 0 0 0 ) .  

Positive WET tests on a WRP effluent could trigger expensive 

efforts to identify the source of the toxicity and ways to 

eliminate ~ t .  If the test results responsible for initzating 

an i-nvestigation are not due to toxicity but to variibzlity, 

valuable resources will be wasted addressing a "toxicity prob- 

lem" that does not exist. The reporting of "unacceptable val- 

ues" for a i3MR-QA Study due to variability would also lead to 

a waste of resources. Therefore, sources of variability must 

be considered when toxicity data are evaluated. 

A number of sources contributing to acute toxiclty 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. , 1995; . 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 

Pimeohales ~romelas 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 Pimeohales 

promelas ranging in age from 1 to 14 days old are conducted on 

~istrict 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 

hewbales ~romelas to acute toxicants, and the age 2 the 

Pime~hales promelas used in the test. The specific objectives - 
in the initial phase of this study were: 1) to dekermine 

whether age of Pimewhales promelas exposed to reference toxi- 

cants in the 48-hour acute toxicity test affects the survival 

response (LC,,) , and 2 ) to determine whether age a£ f eccs the 

variability associated with the survival response of 

Pime~hales gromelas organisms exposed to reference toxicants 

in the 48-hour acute toxicity test 

At a Later date, this study may be expanded to dekermine 

whether age affecls the survival response of Pime~hales rrr-ome- 

las exposed to WRP effluent or receiving water in the 48-hour 

acute to:.ricity test, and to determine whether age affects the 

variabi.llty associated with the survival response of 

Pimewhales promelas organisms exposed to WRP effluent 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 

Pime~hales ~romelas bioassay was conducted 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 KCl, 

SDS, and a mixture of KC1 + SDS. These 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- 

f ected the survivability, LC,,, and/or vari- 

ability of the test results. 



MATERIALS AND METHODS 

1 

A stock culture of the fathead minnow, Pimephales prome- 

A, was purchased from Aquatic Research Organisms t h R O ) ,  

HampLon, New Hampshire. ARO maintains a quality assurance 

progras which includes health monitoring (inspections twice a 

year by a certified independent outside laboratory) aad per- 

formance evaluation of organisms through the use of standard 

reference toxicants. The culture obtained from ARO has been 

maintained and used to stock breeding tanks in the ~istrict's 

Biomoni.toring Laboratory. 

Hethods for culturing fathead minnows outlined by the 

USEPA (1933) were followed. All fathead minnows were cultured 

in aerated tap water in the District's Biomonitoring Ltzabora- 

tory. Four 29-gallon stock tanks and 16 10-gallon breeding 

tanks were maintained to provide a sufficient number of test 
1 

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 in 

breeding tanks was changed and solid organics removed only af- 

ter sggs were harvested. 

Automatic aquarium heaters (VisithermTM, Aquarium Sysi~ems, 

men to^, Ohio) were used to maintain water temperatures at 25 +- 

1°C: in all tanks. Undertowm under gravel filters (Pens- Plax, 



Inc., Garden City, New York) were used in all stock and breed- 

ing tanks. Sponge filters (Dirt Magnetm, Jungle Laboratories 

Corporation, Cibolo, Texas) were used in all larval holding 

tanks. The dissolved oxygen concentration in the water in all 

tanks was maintained near saturation by continuous aeration. 

Air was supplied with Quincy QRD 15 oil-less compressors 

(Quincy Compressor Division model number QRDS150-240, Collec 

Industries, Quincy, IL) fitted with Quincy filter elements 

(Quincy model number 1103773100). Bubble Wallsm (Penn-Plax) 

were used for aerating stock and larval holding tanks. Air 

stones (Top Finm, 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 feed- 

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 bioassays. 



Hard 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 ~illi-Q" water purificatj.on sys- 

ter. The following reagent grade chemicals were then added to 

purifaed water to make hard synthetic water: 192.0 mg NaIlCO,/L, 

120.8 rng CaSO;2H20/L, 120.0 mg MgSO,/L, and 8.0 mg KCl/L. Two 

hundretl fifty (250.0) yg Na,EDTA. 2H,O/L, and the following 14 

trace nutrip-nts (Elendt and Bias, 1990) were added to the hard 

synthekic water to prepare the control water: 99.6 pg FeS0,-7 

H,O./L, 286.0 vg H,BO,/L, 36.1 yg MnC1;4H2O/L, 30.6 vg I;iCIl/L, 

7.1 yg RbCl/L, 15.2 1.19 SrC1;6H20/L, 1.6 pg NaBr/L, 6.3 yg 

Na,ldoO;211,0/L, 1 pg CuC1,- 2H,O/L, 1.3 yg ZnCl,/L, 1 3 yg 

CoC'l;SH,OIL, 0.3 yg KI/L, 0.2 yg Na,SeO,/L, and 0.1 pg NEI,vCSI/L. 

Pre~aration of Toxicant Solutions 

As stated previously, KC1 + SDS were chosen as the toxi- 

cants for this study, as they are often used for toxicant 

tes,ting. KCL (Sigmaultra) and SDS (Sigmaultra) were pu~cflased 

from Sigma Chemical Company, St. Louis, Missouri. Tesr solu- 

tions were prepared by making dilutions of stock solutions of 

toxicants i.n 1.aboratory control water. A stock solutior! con- 

taini~g 20,000 mg KCl/L was prepared weekly for tests i y  dis- 

solving 20,300 mg of KC1 in a quantity of laboratory c01ltr01 



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 [Table 1). A stock solution containing 400 mg SDS/L was 

prepared weekly for tests by dissolving 400 mg SDS in a quan- 

tity of laboratory control water sufficient to make 1.0 L. 

The following concentrations of SDS, in mg/L, were tested: 

40, 35, 30, 20, and 10 (Table 2 ) .  A stock solution containing 

15,000 mg/L KC1 and 35 mg/L SDS was prepared weekly for tests 

by dissolving 15,000 mg KC1 and 35 mg SDS in a quantity of 

laboratory control water sufficient to make 1.0 L. The fol- 

lowing concentrations of KC1 + SDS mixture were tested: 1500 

mg KCl/L + 35 mg SDS/L, 1250 mg KCl/L + 29 mg SDS/L, 1000 mg 

KCl/L + 23 mg SDS/L, 500 mg KCl/L + 11.66 mg SDS/L, and 250 mg 

KCl/L + 5.83 mg SDS/L (Table 3). 

Toxicitv Tests 

The Fathead Minnow, Pimewhales wromelas, Acute Toxicity 

Test (48-hour, static, non-renewal) was conducted with the 

toxicants KC1, SDS, and a mixture of KC1 + SDS using the pro- 

cedure specified by the USEPA (1993). Test conditions are 

presented in Tables 4, 3, and 6. Monthly quality assurance 

Fathead Minnow, Pimeohales wromelas, Acute Toxicity Tests (96- 

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





METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 2 

PREPARATION OF SDS TEST SOLUTIONS 

Concentrated Solution Laboratory Total Volume Test Concentrations 
of SDS' Control Water Prepared of SDS 
(mL) (mt) ( L  1 (mg SDS/L) 

 his concentrated solution contained 400 mg SDS/L. It was prepared fresh weekly and 
used to make the test solutions. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 3 

PREPARATION O F  KC1 + SDS (MIXTURE) SOLUTIONS 

Concentrated Solution Laboratory Total Volume Test Concentrations 
of KC1 + SDS' Control Water Prepared of KC1 + SDS 

(mL) (mL ( L )  (mg KCl/L + mg SDS/L) 

 his 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 

1. Temperature ( O C )  : 

2. Light quality: Ambient laboratory illumina- 
tion 

3. Light intensity: 50 to 100 footcandles (ambient 
laboratory levels) 

4. Photoperiod: 16 hours light/8 hours dark- 
ness 

5. Size of test vessels: 0.50 L 

6. Volume of test solution: 0.25 L 

7. Age of fish (in days): 1 to 2; 3 to 4; 7 to 8; 11 to 
12; 13 to 14 (24 hour range in 
age group) 

8. No. of fish/0.25 L: 5 

9. No. of replicate test 4 
vessels per concentration: 

10. Total no. organisms per 20 
concentration: 

11. Feeding regime: Fish were fed Artemia nau~lii 
while holding prior to the 
test 

12. Test chamber cleaning: Cleaning was not required 

13. Concentrations used 
(mg KCl/L) 

14. Aeration: None 

15. Dilution water: Laboratory control water 

16. Test duration and type: 48-hour, acute, static, nonre- 
newal 



METROPOLITFJJ WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 4 (Continued) 

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

17. Effect measured: Mortality - no movement 'LC,,) 

18. Test acceptability: 90% or more survival in con- 
trols 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 5 

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

1. Temperature (OC) : 

2. Light quality: Ambient laboratory illumina- 
tion 

3. Light intensity: 50 to 100 footcandles (ambient 
laboratory levels) 

4. Photoperiod: 16 hours light/8 hours dark- 
ness 

5. Size of test vessels: 0.50 L 

6. Volume of test solution: 0.25 L 

7. Age of fish (in days) : 1 to 2; 3 to 4; 7 to 8; 11 to 
12; 13 to 14 (24 hour range in 
age group) 

8. No. of fish/0.25 L: 5 

9. No. of replicate test 4 
vessels per concentration: 

10. Total no. organisms per 20 
concentration: 

11. Feeding regime: Fish were fed Artemia nauplii 
while holding prior to the 
test 

12. Test chamber cleaning: Cleaning was not required 

13. Concentrations used 40, 35, 30, 20, 10 
(mg SDS/L) 

14. Aeration: None 

15. Dilution water: Laboratory control water 

16. Test duration and type: 48-hour, acute, static, nonre- 
newal 



METROPOLXTAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 5 (Continued) 

TEST COPJDITIONS FC)R ACUTE TOXICITY TESTS USING PIMEPHALES 
PROMELAS CONDUCTED WITH SDS 

- 
17. Effect measured: Mortality - no movement {LC,) 

18. Test acceptability: 90% or more survival in con- 
trols 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 6 

TEST CONDITIONS FOR ACUTE TOXICITY TESTS USING PIMEPHALES 
PROMELAS CONDUCTED WITH A MIXTURE OF KC1 + SDS 

1. Temperature (OC) : 25 + 1°C 
2. Light quality: Ambient laboratory illumination 

3. Light intensity: 50 to 100 footcandles (ambient 
laboratory levels) 

4. .Photoperiod: 16 hours light/8 hours darkness 

5. Size of test vessels: 0.50 L 

6. Volume of test solution: 0.25 L 

7. Age of fish (in days): 1 to 2; 3 to 4; 7 to 8; 11 to 
12; 13 to 14 (24 hour range in 
age group) 

8. No. of fish/0.25 L: 5 

9. No. of replicate test 4 
vessels per concentration: 

10. Total no. organisms per 20 
concentration: 

11. Feeding regime: Fish were fed Artemia nau~lii 
while holding prior to the test 

12. Test chamber cleaning: Cleaning was not required 

13. Concentrations used 1500 + 35, 1250 + 29, 1000 + 
(mg KC1 + mg SDS/L) 23, 500 + 11.66, 250 + 5.83 

14. Aeration: None 

15. Dilution water: Laboratory control water 

16. Test duration and type: 48-hour, acute, static, nonre- 
newal 



ME'I?~GPOLITIIN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 6 (Continued) 

TEST CONDITIONS FOR ACUTE TOXICITY TESTS USING PIMEPHALES 
PROMELAS CONDUCTED WITH A MIXTURE OF KC1 + SDS - 

- - 

17 . Ef f ecc measured: Mortality - no move men^ (LC,) 

18. Test acceptability: 90% or more survival in con- 
trols 



were conducted using the procedure prescribed by the USEPA 

(1993) . 

Chemical and Phvsical 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 

concentration, 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 Oualitv 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 range of 160 to 180 mg CaCO,/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 oxygen 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 old, except for one batch of dilution water 



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

cussed later in this report. 

LABO-WTORY CULTURE WATER 

Laborat;ory culture water was tap water from Lake Mi.chi- 

gan., and dechlorinated by aeration for 24 hours. 

PERFOIWANCE CONTROLS 

Laboratory culture water was used as performance control 

water in all tests. 

TEMPEKRTURE 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. 

TES'T ORGAN1 SMS 

~est organisms were hatched within a 24-hour period and 

ori~~inated from at least three tiles of eggs. The density of 

fisli fry in cultures was 150 fish fry per liter or less. Tiest 

organisms were fed two hours prior to the setup of tests, 



CHEMICAL DATA 

The pH of test solutions in bioassay 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- 

solved oxygen levels were measured in bioassay cups at the be- 

ginning and end of each 24-hour exposure period. The accept- 

able dissolved oxygen level is greater than or equal 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 daily. The acceptable range 

for light intensity is 50 to 100 foot-candles, and was main- 

tained. 

RANDOMIZATION 

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 



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

domly positioned test chambers. 

JVUMBER OF FISH PER TEST CHAMBER 

Five fish were put in each test chamber, as prevlous ex- 

pel-ierxe ir. the District's Bioassay Laboratory has ind;cated 

that tbis works well. This procedure is also approved by the 

IEI'R . 

TEST ACCEPTABILITY 

The criterioii for test acceptability was 90 percent or 

greater survival of the control test organisms. This was 

ack~ie*~ped ir, all tests. 

MOKITHLY mFERENCE TOXICANT TESTS 

Quality assurance tests with the reference toxicant NaC1 

were conducted monthly. These were 96-hour tests. Control 

charts were prepared to document ongoing laboratory performance. 

Calculation of Mortalitv Rates 

Mortality sates were calculated by dividing the number of 

mortalities observed for a treatment by the total nu~ber of 

fish exposed to the treatment. 

Calculation of LC,, Values 

TJC,, values were calculated using the USEPA Toxicity- Data 

Anal1rsi.s Software (USEPA, 1994a and 1994b) . Data were first 

entered into the Probit ~nalysis program. If the data were 



rejected or confidence limits were not generated by the Probit 

Analysis program, the data were re-entered into the Trimed 

Spearman-Karber Program. 

Precision 

Precision was described as the percent coefficient of 

variation or CV of the calculated LC,, values (USEPA, 1991 and 

1993). CVs were computed as the ratio of the standard devia- 

tion divided by the mean expressed as percentage. 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 

rc= corrected mortality rate 

r = calculated mortality rate 

r, = mortality rate of controls 



TESTS FOR NORMALITY AND HOMOGENEITY OF VARIANCE 

Corrected mortality rates were tested for norrnali~y using 

the Shapiro-Wi-lk test (SAS Institute, 1995). Since the as- 

sumption of normality was questioned for these data :See Re- 

sul ts Section) , the assumption of homogeneity of variances was 

not tested. LC, data were tested for normality using the Sha- 

piro-Wilk test (SAS Institute, 1995). Bartlett's test for. ho- 

mogeneity of varia.nce (Walpole and Meyers, 1989) was performed 

on d a ~ a  for which there was no reason to question the assump- 

tion of normality. 

COMP,=ISON OF THE SENSITIVITIES OF DIFFERENT AGE GFtOUPS TO 
TOX ICANTS 

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 ncsnpara- 

metric ANOVA were used to perform the Student-Newman-Heuls 

test (SAS Institute, 1995) on multiple comparisons. 

Standard parametric ANOVA was performed on normally dis- 

tributed data with equal variances (SAS Institute, 2 9 9 5 ) .  

Standard nonparametric ANOVA was performed on data not meeting 

these criteria (SAS Institute, 1995). 

TEST FOR EQUALITY OF COEFFICIENTS OF VARIATION (CVs) 

No specific test statistics are available to test CVs for 

equaii ey. Iiowever, if the LC,, population means are equal and 



the variances 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 of the LC,, population 

means across all age groups studied was tested using standard 

parametric ANOVA (SAS Institute, 1995) when the assumptions of 

normality and homogeneity of variance 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 a and the significance 

level for the F-test and Bartlett's test is a*, then a* is 

chosen such that (1-a*) 2=1-a. The value of a was set to be 

0 .05 .  Therefore a* is approximately 0.025.  

It should be noted that if the population means are une- 

qual and population variances are also unequal then the coef- 

ficient of variations can still be equal. But no statistical 
< 

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

made regarding the equality of CVs. 



RESULTS AND DISCUSSION 

Qualitv Assurance 

Control charts showing the results of monthly quality assur- 

ance tests with the reference toxicant sodium chloride are shown 

in Fimres 1-4. The results of the tests performed in %arch 

through June 1999, when this study was conducted, all fell i i~i thin 

the lintits prescribed as acceptable by the USEPA (1993), that is, 

within two standard deviations from the cumulative mean LC, val- 

ues: . 

Data Oualitv Criteria 

Ail 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, 4 19, and 21, 1999. Eight tests were conducted wiLh di.1~- 

tion water older than the 14-day acceptable limit. These 'cests 

were conducted with a dilution water aged within the range of 17 

to 26 days. 

This deviation did not have a significant 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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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 3 

CONTROL CHART FOR ACUTE FATHEAD MINNOW TESTS WITH NaC1, 
MAY 1999  

Test Number 22 

t 

Test Number (Most Recent 20 Tests) 

1 +LC 50 +Cum Mean I 
L x ~ e a n  +2S (Upper Control Limit) +Mean-2s (Lower control Limit) I 
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FIGURE 4 

CONTROL CHART FOR ACUTE FATHEAD MINNOW TESTS WITH NaCl, 
JUNE 1999 

June 1999. 

1 7  

Test Naa&er  (Moat: Recent 2 0  Tests )  

+LC 50 +Cum Mean 

*Mean +2S ( U p p e r  Control Limit) +Mean-2s ( L o w e r  C o n t r o l  Limit) 
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TABLE 7 

RESULTS OF 48-HOUR ACUTE TOXICITY TESTS WITH PIMEPHALES 
PROMELAS USING THE TOXICANT  KC^' 

Age of F i s h  
(days 

Mean 
LC,, ~ e t h o d ~  

Date 
Set Up 
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TABLE 7 (Continued) 

RESULTS OF 48-HOUR ACUTE TOXICITY TESTS WITH PIMEPHALES 
PROMELAS USING THE TOXICANT  KC^' 

Age of Fish Mean 
( days LC,,~ LC,, ~e thoci3 

Date 
Set U p  

 KC^ = Potassium chloride. 

3 
2 ~ ~ , ,  = 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). 



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

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

Fiaure 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 toxicant KC1 than fish in the 3- to 14- 

day old 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 LC,, value of 896 mg KCl/L 

reported by the USEPA for 203 laboratories which submitted 

data for a 1991 inter-laboratory precision study (USEPA, 

1993). 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 receiving 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 

KC1 in the ~istrict's ~ioassay Laboratory using moderately 
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TABLE 8 

COMPOSITION OF SYNTHETIC FRESHWATER 
USING REAGENT GRADE CHEMCALS' 

Water 
TYPe 

Reaaen t Added (ma / L 1 Final Water Oualitv 

Alka- 
NaHCO, CaSO, .2H,O MgSO, KC1 pH3 ~ardnessl lini tY4 

Moderately Hard 9 6 . 0  60 .0  60.0  4 . 0  7 . 4 - 7 . 8  80-100 60-70 

Hard 1 9 2 . 0  1 2 0 . 0  120.0 8 . 0  7 . 6 - 8 . 0  160-180  110-120  
W 

l~aken from USEPA (1993). 
2 ~ d d  reagent grade chemicals to deionzed water. 
'~pproximate equilibrium after 24 h of aeration. 
'~x~ressed as mg CaC03/L. 



hard synthetic water. The LC,, values calculated for- these 

tests were 960.3 and 983.2 mg KCl/L for 1- and 7-day old fish, 

respecrively. These lower LC,, values are much closer t~ the 

mean L C  value of results reported to the USEPA in 1991. 

These results support the explanation that the lower mean LC,, 

value of results reported to the USEPA in 1991 for teses con- 

ducted with KC1 is explained, at least in part, by the use of 

moderately hard synthetic water for that study. These data 

are comparetl in Table 9. 

Tests Conducted with SDS 

The LC, values for the tests conducted with SDS are shown 

in Table 1Q. The complete survival data are shown in Tables 

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

1- to 2-, 3- to 4-, 7- to 8-, 11- to 12-, and 13- to Ifl--day 

old fish were calculated to be 28.1, 22.9, 24.6, 25.5, and 

24.6 mg SDS/L,  respectively. These data are shown in Baure 

6. The mean LC,, value with 1- to 2-day old fish is nrm~eri- - 

tally 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 conciucted 

(1- to 14-day old fish) was calculated to be 2 5 . 2  mg SDSiL, 

Tests Conducted with KC1 + SDS 

The LC,, values for the tests conducted with KC1 + SRS are 

shown in Table 11. The complete survival data are shown in 
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TABLE 13 

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

Age of Fish Mean 
( days ) L ~ ~ o ~  LC,, ~ethod' 

Date 
Set Up 



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 
(days 

Mean 
LC*, ~e t hod3 

Date 
Set Up 

'SDS = Sodium dodecyl sulfate. 
'LC,, = Concentration of toxicant in mg/L lethal to 50 percent of test organisms. 
3 ~ ~ , ,  values were. calculated by the Probit Method (P) (USEPA, 1994a). When acu.te 
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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TABLE 11 

RESULTS OF 48-HOUR ACUTE TOXICITY TESTS WITH PIMEPHALES 
PROMELAS USING A MIXTURE OF THE TOXICANTS  KC^' + SDS' 

Age of Fish 
(days 1 =cSo3 

Mean Date 
LC,, ~ethod' Set Up 
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Tables AI-41 - AI-60. The mean LC,, values for tests conducted 

with 1- to 2 - ,  3- to 4 - ,  7- to 8-, 11- to 1 2 - ,  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  KC^ + 35 

mg SDS/L,  respectively. These data are shown in Fi~ure 7. The 

mean LC, value with 1- to 2-day old fish is numerically 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 

KC1 + SDS toxicant combination than fish in the 3 -  to 14-day 

old age range. The mean LC,, value for all of the tests con- 

ducted (1- to 14-day old fish) was calculated to be 54.5 per- 

cent of the test solution containing 1,500 mg KC1 + 35 mg 

SDS/L. 

Precision 

Precision of the tests conducted for each of the five age 

groups with the toxicants KC1, SDS, and KC1 + SDS combination 

is shown in Table 12. The coefficients of variation (CV) for 

all of the tests conducted (1- to 14-day old fish) for each of 

these toxicants are 11.0, 11.0, and 13.8 percent, respec- 

tively. Until recently the USEPA gave no numerical criteria 

for demonstrating acceptable laboratory performance by judging 

intra-laboratory precision expressed as CV values (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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TABLE 12 

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

Age of Fish 
(Days ) 

Toxicant 
KC 1 SDS KC1 + SDS 

'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 Pime~hales ~romelaz. This 

interim @TJ represented the median CV, or 50'" percentile CV, 

obse-rsed wlthin 2 1  laboratories (for WET tests conducted with 

ref esence toxi cants) . The USEPA recommended calculatirig warn- 

ing and control limits based on the 75'" and 90"" percentiles, 

respectively, of the method CV, which were reported tc be 19 

ancl 33 percent, respectively. The CVs reported fsr this 

stu.&y, 11.0, 11.0, and 13 -8 percent, are well below the 75'" 

percentile CV of 19 percent, and even the 5oth percentile CV of 

16 percent, and demonstrate acceptable precision as defined in 

the recent USEPA guidance cited above. 

The CVs for the tests conducted with KC1 and 1- to 2-- 3- 

to 4-, 7 -  to 8-, 11- to 12-, and 13- to 14-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-, 3- to 4- ;  7 -  to 

8-, 11- to :2-, and 13- to 14-day old fish are 6.9, 17.3, k3.9, 

8.1, and 3.8 percent, respectively. The CVs for the  tests 

cortducted with the KC1 + 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 SDS, as demonstrated i n  the next section, provide s ig-  

nif'icant evidence of non-normality. The use of means and stan- 

dard deviations i s  closely associated with the assumption of 

normality, and so is the use of a CV. This is not the case for 



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 is 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 SDS reported 

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 questionable. 

Malrkle et al. (2000), who conducted 48-hour acute toxic- 

ity tests with I-, 4-, 7-, lo-, and 14-day old fish (Pime~hales 

promelas) and four different toxicants, ~r'~, sodium pentachlo- 

rophenate (NaPCP) , SDS, and NH,, reported that LC,, data gener- 

ated using 1-day old fish were the most variable. In this study 

the CV for the tests conducted with KC1 and 3- to 14-day old 

fish is 8.6 percent compared to a CV of 11.0 percent for tests 

conducted with 1- to 14-day old fish. The CV for tests con- 

ducted with SDS and 3- to 14-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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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 
Toxicant (Days ) 

Nonparametric 
cvl 

( Percent ) 

-- 
E ~ a r m e t r i c  coefficient of variation of LC,, values sf four 
tests from each age group. The nonparametric CV is computed 
as the ratio of the interqyartile range divided by the median 
expiressed as percentage. Nonparametric CVs were calculated 
because the LC,, data for SDS were not shown to be ncmally 
distributed. 
'~odi-um dodecyl sulfate. 
'combination of data from the above age groups. 



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, data generated with 1- to 2-day old fish appear to be 

more variable than LC,, data generated with 3 -  to 14-day old 

fish for KC1, SDS, and KC1 + SDS, as shown in this study, and 

in the cases of ~r'~, NaPCP, SDS, and NH,, as shown by Markle et 

al. (2000). The CVs for this study 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 Analvsis 

CORRECTION FOR MORTALITY IN THE CONTROLS 

Observed and corrected mortality rates of fish exposed to 

the toxicants KC1, SDS, and KC1 + SDS are shown in Tables AII- 

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

TESTS FOR NORMALITY AND HOMOGENEITY OF VARIANCE 

Mortalitv 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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TABLE 14 

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

Toxicant 
Normally 

Distributed 

Kc: 1 

SDS 

KC1 4- SDS 0.0001 NO 



verify the assumption of homogeneity 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, KC1 and KC1 + SDS, Bartlett'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 normality and equal variances necessary for the 

standard parametric ANOVA, and so parametric ANOVA results are 

reparted below in these cases. 

COMPARISON OF THE SENSITIVITIES OF DIFFERENT AGE GROUPS TO 
TOXICANTS 

Mortalitv Rates. The results of nonparametric 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 observed 

(SAS Institute, 1995). These results also show that age did 

affect the mortality rates of fish exposed to either of the 

toxicants KC1 or SDS, but not the combination of KC1 + SDS. 

Results of the associated Student-Newman-Keuls test showed 

that 1 to 2-day old fish exposed to either of the toxicants 

KC1 or SDS had significantly lower mortality rates than the 
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TABLE 16 

RESULTS OF NONPARAMETRIC ANALYSIS OF VARIANCE PERFORMED ON THE BASIS OF RANXED 
CORRECTED MORTALITY RATES 

Toxicant 

Percent of 
Variation 
~xplainedl 

Significance 
Probability on 
Age Effects 

KC1 82 0. OOOIZ 

SDS 8 9 0. 00012 

KC1 + SDS 90 0.1100 

l~" 100. 
2~ignif icant . 



older fish exposed to these toxicants (p 5 0.05) . The results 

are summarized in Table 17. 

LC Data. The results of parametric and nonparametric 
-5"R 

(for S D S )  standard ANOVA (Table 18) show that age had nc sta- 

tistically significant effect upon the LC, values for the 

toxicants KCl, SDS, or KC1 + SDS. 

The one-way ANOVA model used above is a five parameter 

model (not counting the constant variance 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 bekk-een a 

single age level and all remaining age levels combined This 

was; not the case for the analysis 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, "xu by average ages within 

each ape level 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 ( L c , , I x = ~ + ~ . x ~ )  , p # o 

wit.h the limiting case as p-+O 
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TABLE 17 

RESULTS OF THE S T U D E N T - N E W - K E U L S  TEST ON MULTIPLE 
COMPARISONS' 

Toxi cant Age of Fish in Days Rank 

3 to 4, 7 'to 8, 
11 to 12, 13 to 14 23 

SDS 1 to 2 1 

 anki king of mortality rates of different fish age groups ex- 
posed to KC1 and SDS. 
'~ower mortality rate. 
'~ortality rates are higher than 1- to 2-day old, but insig- 
nificant within this group. 
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TABLE 13 

RESULTS OF ANALYSIS OF VARIANCE ON LC;, VALUES 
(F-TEST) 

- 

Toxicant ANOVA p-value 

KC 1 parametric 0 . 2 0 ~  

SDS Non-parametric 0.09'  

KC1 + SDS parametric 
ul 

0 .4g1  
4 

'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- 
tali ty. 



For each transform of " x u ,  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 squares (PRESS) over a grid of pow- 

ers (SAS Institute, 1990). 

For each fixed power "p", 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 LC5o on age, than is possible using the one-way analy- 

sis of variance model. 

In the case of the LC50 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 . 5 0 6 ~ 1 0 ~  while the 

score for p = -5.5 was 3.505~10~. The estimated expected LCs0 

value is displayed in terms of "x" through the transform " x - ~ "  

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 LC,, VALUES FOR THE TOXICANT KG1 

Age of Fish in Days 



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 3.502~10~. Furthermore, the PRESS score for 

the constant model is 3.770~10~~ a tangible 7.7 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 

ANOVA model. These cross-validation results indicate that the 

one-way ANOVA results for the KC1 toxicant are adversely af- 

fected by sample size, and that LCso values actually do depend 

on age through the same two-group model as identified for mor- 

tality data. 

In the case of the LC50 data for the SDS 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 124.5 while the score 

for p = -5.5 was 124.3. The estimated expected LCso 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 LC5, VALUES FOR THE TOXICANT SBS 

Age of Fish i n  Days 



to 14-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 variance 

model. These cross-validation results indicate that the one- 

way analysis of variance results for the SDS toxicant are ad- 

versely affected by sample size, and that LC50 values actually 

do depend on age through the same two-group model as identi- 

fied for mortality data. 

As explained above, it is appropriate to analyze the LC50 

data for both the KC1 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. LCs0 

value for 1- to 2-day old fish is significantly higher than 

the expected LCso value for 3- to 14-day old fish (p = 0.0225) . 

In the case of SDS the results of nonparametric ANOVA showed 

that the expected LCs0 value for 1- to 2-day old fish is sig- 

nificantly higher than the expected value for 3- to 14-day 

old fish (p = 0.021). 



I= che case of the LC50 data for the KC1 + SDS toxicant, 

the PRESS score was smallest within 4 0.5 for the case 2 = 0 

correspolnding to the natural log transform ln(x) with value 

1 . 3 2 3 ~ 1 0 ' .  On the other hand, the PRESS score for the con- 

stant model was the substantially smaller value of 1.190x10~, 

indict-jting  hat LCso values for the toxicant KC1 + SDS m y  be 

reasonably treated as constant in age as they were for the 

mortality data. 

Therefore, sophisticated statistical analyses using 

cross-validation to select a regression model of LCso as a 

function of age indicated that it was appropriate to analyze 

the LCso 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 sample analy- 

ses of the data on LCs0 values of fish exposed to either KC21 or 

SDS indicated that the LCSo values for these toxicants are a£ - 

f ected by fish age, i . e., that fish 1 to 2 days old are more 

tolerant of these toxicants than the older fish in the age 

grotup of 3 to 14 days. In this study the LC50 values ,Far the 

KC1 t SDS data set were not shown to be affected by age. 



TEST FOR EQUALITY OF COEFFICIENTS OF VARIATION (CVs) 

The KC1 and KC1 + SDS LC, population means across all age 

groups studied were not shown to be unequal or to have unequal 

variances (Table 15). Therefore, there is no significant dif- 

ference in the CVs across the age groups studied for the toxi- 

cant KC1 or the toxicant combination KC1 + SDS even though nu- 

merical differences were observed. No conclusion regarding 

the CVs for SDS could be made because there is no non- 

parametric test for testing the homogeneity of variance. 

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 values are used to 

evaluate precision as done in this study. Relying exclusively 

upon CV values to make sweeping judgments about the reproduci- 

bility of a test based on the magnitude of the CV values 

across the board may not be appropriate or desirable in cer- 

tain instances. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

SUMMARY OF STATISTICAL ANALYSES CONDUCTED ON LC,, DATA TO TEST CVs ACROSS ALL AGE 
GROUPS FOR EQUALITY 

Normally Homogeneoys Equal Conclusion Regarding CVs 
Toxicant aistributedl Variance ~ e a n s ~  Across All Age Groups 

KC 1 Yes Yes Yes Equal 

SDS No N A' Yes No Conclusion Can Be Drawn 

KC1 plus SDS Yes Yes Yes Equal 
m 
U1  able 15. 

 a able 18. 
 NO^ applicable. There is no nonparametric test for testing homogeneity of variance. 
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APPENDIX A1 

SURVIVAL DATA 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE &I-3 

SURVIVAL DATA FOR 1-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO 
KC1 (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 8-10, 1999 

KC 1 
Concentration Number of Survivors 

mg/L A B C D 





METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A I  -3 

SURVIVAL DATA FOR 2-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO 
KC1 (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 17-19, 1999 

KC 1 
Concentration 

mg/L 
Number of Survivors 

A B C D 



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 

KC1 
Concentration 

mg / L  
Number of Survivors 

A B C D 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI- 5 

SURVIVAL DATA FOR 3-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO 
KC1 (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 24-26, 1999 

KC 1 
Concentration 

mg/L 
Number of Survivors --- 

A B C D 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-6 

SURVIVAL DATA FOR 4-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO 
KC1 (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), APRIL 19-21, 1999 

KC 1 
Concentration 

mg /L 
Number of Survivors 

A B C D 
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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 

KC 1 
Concentration Number of Survivors 

mg/L A B C D 





METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-12 

SURVIVAL DATA FOR 8-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO 
KC1 (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), APRIL 21-23, 1999 

KC 1 
Concentration 

mg/L' 
Number of Survivors 

A B C D 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-13 

SURVIVAL DATA FOR 3.1-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMEJIAS) EXPOSED TO 
KC1 ($8-HOUR, STATIC, NON-RENE'iAL, ACUTE TOXICITY TEST) , MARCH 15-17, 1999 

KC 1 
Concentration Number of Survivors 

mg/L A B c D 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-16 
I 

SURVIVAL DATA FOR 12-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO 
KC1 (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), APRIL 14-16, 1999 

KC 1 
Concentration Number of Survivors 

mg/L A B C D 





METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-18 

SURVIVAL DATA FOR 13-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO 
KC1 (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 15-17, 1999 

KC 1 
Concentration 

mg/L 
Number of Survivors 

A B C D 





METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-20 

SURVIVAL DATA FOR 14-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO 
KC1 (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 3-5, 1999 

KC1 
Concentration 

mg/L 
Number of Survivors 

A B C D 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A1 - 2 1 

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 

" -- .. - 

SDS 
Concentration Number of Survivors 

mg/L A E C D 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

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 

SDS 
Concentration 

mg/L 
Number of Survivors 

' A B C D 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-23 

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

SDS 
Concentration 

mg/L 
Number of Survivors 

A B c D 











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 

SDS 
Concentration 

mg / L  
Number of Survivors 

A B C D 





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 

SDS 
Concentration Number of Survivors 

mg/L A B C D 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI - -32  

SURVIVAL DATA FOR 8-DAY OLD FA'THEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSER TO 
SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE T O X I C I T Y  T E S T ) ,  MAY 1 9 - 2 1 ,  1999 

SDS 
Concentration Number of Survivors- 

mg! L A B C 0 







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, 1999 

SDS 
Concentration Number of Survivors 

mg/L A B C D 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI 35 

SURVIVAL DATA FOR 11-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO 
SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), bfARCH 29-31, 1999 

SDS 
Concentration 

mg/L 
Number of Survivors 

A B C D 



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 

SDS 
Concentration Number of Survivors 

mg/L A B C D 





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 

SDS 
Concentration 

mg /L 
Number of Survivors 

A B C D 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

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 

SDS 
Concentration - Number of Survivors 

mg/L A B fll L D 



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 

SDS 
Concentration 

mg/L 
Number of Survivors 

A B C D 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AT-41 

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

KC1 + SDS 
Concentration 

mg / L 
Number of Survivors 

A B C D 

250  (KC1) + 5.83 (SDS) 5 

E 
I 
IP 

5 0 0  (KC1) + 1 1 . 6 6  (SDS) 5 
w 

1 0 0 0   KC^) + 23 ( SDS 5 

1 2 5 0  (KC11 + 2 9  ( SDS 1 0  0  0 





METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AX-43 

SURVIVAL DATA FOR 1-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO 
KC1 + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARC11 8-10, 1999 

KC1 + SDS 
Concentration 

mg/L 
Number of Survivors 

A B C P 

250 (KC1) + 5.83 (SDS) 
P 

5 
H 
I 
IP 500  KC^) + 11.66 (SDS) 5 
W 

1000   KC^) + 23 I SDS 1 3 

1250 (KC1) + 29 ( SDS 1 0 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-44 

SURVIVAL DATA FOR 2-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO 
KC1 + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 6-8, 1999 

KC1 + SDS 
Concentration 

mg/L 
Number of Survivors 

A B C D 

250 (KC1) + 5.83 (SDS) 5 
$' 
H 
I 

500 (KC1) + 11 .66  (SDS) 4 
A 

* 1000 (KC1) + 23 ( SDS 0 

1500 (KC1) + 35 ( SDS ) 0 0 0 0 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A 1  -- 4 5 

S U W I V A L  DATA FOR 4--DAY OLD PATWEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO 
KC1 + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 1-3, 2999  

KC1 + SDS 
Concentration 

mg / L  
Number of Survivors -- 

A B C D 

250 (KC11 + 5.83 (SDS) 5 

E 
I 

500 (KC1) + 1 1 . 6 6  ( S D S )  5 
IP 
rn 1000 (KC11 + 23 ( S D S  ) 0 

1250   KC^) + 29 ( SDS 0 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-46 

SURVIVAL DATA FOR 3-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO 
KC1 + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 8-10, 1999 

KC1 + SDS 
Concentration 

mg/L 
Number of Survivors 

A B C D 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-47 

SURVIVAL DATA FOR $-DAY OLD FATHEAD MINNOWS (PTMEPHALB-S PROMELAS.) EXPOSED TO 
KC1 + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 10-12, 1999 

KC1 + SDS 
Concentration Number of Survivors 

mg/L A E3 C 0 

250 (KC1)  + 5.83 (SDS) 5 
x' 
H 
I 500 (KC1) + 1 1 . 6 6  (SDS) 5 

IP 
4 

1000 (KC1) + 23 ( SDS 1 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-48 

SURVIVAL DATA FOR 3-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO 
KC1 + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 12-14, 1999 

KC1 + SDS 
Concentration 

mg /L 
Number of Survivors 

A B C D 

H 
I 
A 

500  (KC1) + 11.66 (SDS) 4 

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



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE hi-49 

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

KC1 + SDS 
Concentration 

mg / L 
Number of Survivors -- - -- 

A B C D 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-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 + SDS 
Concentration 

mg/L 
Number of Survivors 

A B C D 

0 
1000 (KC1) + 23 ( SDS ) 2 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A I - - 5 1  

SURVIVAL DATA FOR 8-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS} EXPOSED TO 
KC1 + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 5 - 7 ,  1999 

K C 1  + SDS 
Concentration Number of Survivors 

mg / L A B C 0 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-52 

SURVIVAL DATA FOR 8-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO 
KC1 + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 12-14, 1999 

KC1 + SDS 
Concentration 

mg/L 
Number of Survivors 

A B C D 





METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-54 

SURVIVAL DATA FOR 12-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO 
KC1 + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 3-5, 1999 

KC1 + SDS 
Concentration Number of Survivors 

mg / L A B C D 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-56 

SURVIVAL DATA FOR 11-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO 
KC1 + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MAY 13-15, 1999 

KC1 + SDS 
Concentration 

mg /L 
Number of Survivors 

A B C D 

250 (KC1) + 5.83 (SDS) 5 

K 
I 
UI 

500 (KC1) + 11.66 (SDS) 5 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-58 

SURVIVAL DATA FOR 13-DAY OLD FATHEAD MINNOWS (PIMEPHALES PROMELAS) EXPOSED TO 
KC1 + SDS (48-HOUR, STATIC, NON-RENEWAL, ACUTE TOXICITY TEST), MARCH 10-12, 1999 

KC1 + SDS 
C o n c e n t r a t i o n  

mg/L 
Number of Survivors 

A B C D 
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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 

KC1 + SDS 
Concentration 

mg/L 
Number of Sorvivors 

A B C D 

250 (KC1) + 5 .83  (SDS) 5 
b 

1250  KC^) + 29 ( SDS 0 

1500 (KC11 + 35 ( SDS 0 



APPENDIX A11 

OBSERVED AND CORRECTED MORTAL'ITY 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 
Observati-on (mg/L) Age ~roup' Mortality ~ortalit~' 



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 (rng/L) Age ~roupl Mortality ~ortalit~' 



MI3TROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGC 

TABLE AII-1 (Continued) 

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

Dose Level Observed Corrected 
~b~servation (mg/L) Age ~ r o u ~ l  Mortality ~ortalit~' 



~TROPOLITAN 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 ~ r o u ~ '  Mortality ~ o r t a l i t ~ ~  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGC' 

TABLE AII-1 (Continued) 

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

Dose Level Observed Corrected 
Observation (mg/L) Age ~roupl Mortality ~ortality~ 



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 ~roupl Mortality ~ortalit~' 



METROP0LITN.Q WATER RECLAMATION D I S T R I C T  OF GREATER CHICAGO 

TABLE AII-1 (Continued) 

0BSERymD ANCi CORRECTED MORTALITY RATES OF F I S H  
EXPOSED TO THE TOXICANT KC1 FOR 48 HOURS 

D o s e  L e v e l  O b s e r v e d  C o r r e c t e 6  
1 

observation (mg/L) A g e  G r o u p  M o r t a l i t y  ~ o r t a 1 i . t ~ ~  



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 ~ r o u ~ '  Mortality ~ortality~ 



MEITKOPOLITRV WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-1 (Continued) 

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

Dose Level Observed Corrected 
Observation (mg/L) Age ~ r o u ~ l  Mortality ~orta1it-y' 



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 ~roup' Mortality ~ o r t a l i t ~ ~  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

'SABLE AII-1 (Continued) 

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

Dose Level Observed Corrected 
1 

observation (mg/L) Age Group Mortality ~ o r t a l i t ~ "  



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 ~roup' Mortality ~orta1i.t~~ 

1 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; 
AS: 13 to 14-day old fish. 

2 Mortality data corrected using Abbott's formula. 



mTROPOLZTAN WATER RECLAMATION DISTRICT OF GREATER CHICAGC) 

TABLE AII-2 

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

Dose Level Observed C0rr"cter3 
Observation (mg/L) Age ~roup' Mortality ~ o r t a l i e ~ ~  



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 ~roup' Mortality ~orta1i.t~~ 



METROPOLTTAN 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 ~ r o u ~ l  Mortality ~ortality~ 

-- - 
6 9 10 A5 0.00 0.00 
7 0 1 0  A5 0.00 0.00 
7 1 1 0  A5 0.00 0.  00 
7 2 1 0  A5 0.00 0  .OCI 
7 3 1 0  A5 0.00 0.00 
7 4 10 A5 0.00 0.00 
7 5 1 0  A5 0.00 0 .00  
7 6  1 0  A5 0.00 0.06 
7 7 10 A5 0.00 0.00 
7 8 1 0  A5 0.00 0.08 
7 9 1 0  A5 0.00 0.00 
8 0 1 0  A5 0.00 0.00 
8 1 2 0 A1 0.00 0 .00 
8 2 2 0  A1 0.00 0.00 
8 3  2 0  A1 0.00 0.00 
8 4 2 0 A1 0.00 0.00 
8 5 2 0 A1 0.40 0.40 
8 6 2 0 A1 0.00 0.00 
8 '7 2 0 A1 0.00 0 .00  
8 8 2 0 A1 0.00 0.30 
89  2 0 A1 0.00 0 .90 
9 0 2 0  A1 0.00 0.00 
9 1 2 0  A1 0.00 0.00 
9 2 2 0  A1 0.00 0.00 
93 20 A1 0.00 0 .00 
94 2 0  A1 0.00 0.00 
9 5 2  0  A1 0.00 0 .00 
9 6 2 0  A1 0.00 0 .00 
9 7 2 0 A2 0.20 0.19 
9 8 2  0  A2 0  - 4 0  0 .39 
9 9 20 A2 1 . 0 0  1 . 0 0  

100 2 0  A2 1 - 0 0  1.00 
101 2 0  A2 0.00 0.00 
102 20 A2 0 .00  0 .00  



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 (rng/L) Age ~roupl Mortality ~ortalit~' 



METXOPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHXCAG3 

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 ~ r o u ~ '  Mortality ~ortality' 



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 ~roup' Mortality ~ o r t a l i t ~ ~  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGC) 

TABLE AII-2 (Continued) 

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

Dose Level Observed Corrected 
2 ~ b s e r v a t i o n  (mg/L) Age ~ r o u ~ '  Mortality Mortali2y 



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 ~roup' Mortality ~ o r t a l i t ~ ~  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CH1'CFll;;CI 

TABLE AII-2 (Continued) 

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

Dose Level Observed Correz test 
observation (mg/L) Age ~roupl Mortality  ort tali t-j? 



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 1 Age ~roupl Mortality kTortality2 



MZTROPOLITAN 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 
1 

~bservation (mg/L) Age Group ~ortality ~ o r t a ~ i r y ?  



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 ~roup' Mortality ~ o r t a l i t ~ ~  

'Al: 1 to 2-day old fish; A 2 :  3 to 4-day old fish; 
A3: 7 to 8-day old fish. A4: 11 to 12-day old fish; 
AS: 13 to 14-day fish. 
2~ortality data corrected using Abbott ' s formula. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICSGO 

TABLE AII-3 

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

Dose Level Observed Corrected 7 
Observation ( %  rnax rng/L) Age ~ r o u ~ l  Mortality Mortal1Z-y 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-3 (Continued) 

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

Dose Level Observed Corrected 
Observation ( %  max rng/L) Age ~roupl Mortality &fortality2 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGG 

TABLE AII-3 (Continued) 

GBSERVED AND CORRECTED MORTALITY RATES OF FISH EXPOSED 
TO THE K C 1  + SDS TOXICANT COMBINATION FOR 48 HOURS 

Dose Level Observed Corrected 
1 

Observation ( %  max rng/L) Age Group Mortality ~ortality' 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-3 (Continued) 

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

Dose Level Observed corrected 
Observation ( %  max rng/L) Age ~roupl Mortality ~ortalit~' 



MZTROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-3 (Continued) 

OBSERVED AND CORRECTED MORTALITY W T E S  OF FISH EXPOSED 
TO THE KC1 + SDS TOXICANT COMBINATION FOR 48 HOURS 

Dose Level Observed Corrected 2 
Obsearvation 6 %  rnax rng/L) Age ~ r o u ~ '  Mortality Mortality 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-3 (Continued) 

OBSERVED 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 ~roup' Mortality ~ortalit~' 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-3 (Continued) 

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

Dose Level Observed Corrected 
Observatisn ( %  max mg/L) Age ~ r o u ~ '  Mortality Mortality 2 



Mj3TROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-3 (Continued) 

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

Dose Level Observed Corrected 
Observation f %  max rng/L) Age ~roup' Mortality ~ o r t a l i t ~ ~  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAG3 

TABLE AII-3 (Continued) 

3BSERVED AND CORRECTED MORTALITY RATES OF FISH EXPOSED 
TO TEE KC1 T SDS TOXICANT COMBINATION FOR 48 HOURS 

Dose Level Observed Correct e3 
1 2 

Observation ( %  max mg/L) Age Group Mortality Mortality 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-3 (Continued) 

OBSERVED 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 ~roup' Mortality ~ o r t a l i t ~ ~  



:METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAG;) 

TABLE AII-3 (Continued) 

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

Dose Level Observed Corrected 
Observation ( %  max mg/L) Age ~ r o u ~ '  ~ortality ~ortal k",' 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE ALI-3 (Continued) 

OBSERVED 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 ~ r o u ~ '  Mortality ~ o r t a l i t ~ ~  

- - 
1 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 14-day old fish. 

2~ortality data corrected using Abbott ' s formula. 




