
7 W-R166 957 COLLRBORRTIE STUDY OF DPHNIA 
MANA STRTIC RENENL 

1/4

AL " SSAYS(U) SPRINGBORN BIONOMICS INC UREHAN MR*
R E BENTLEY ET AL. JAN 86 DAD-BS-C-SS11

UNCLASSIFIED F/ 0/2 NL



4"- 
o 
gJ° ,

° . 4- % .f .0-

L5.i.. 

-O ., 
12

l i i -..

"%'22

,l-i.-'i - .:,.,-

13-6 -K

MICR MP' 
CHART

. .

--- .-'. -_ , -.. .- -:...". -'.. .'...- .- .,11-1, . 25.'. ".. .- 4.--.-,'. .6 -..,- .. .-- .." .-.•. .-.-' .
'- '' ., ; .. ., . ....



AD) °.
0) EPA Report. No.

(0-
0 COLLABORATIVE STUDY OF

Daphnia magna STATIC

RENEWAL ASSAYS

* By

R.E. Bentley, D.C. Surprenant, and S.R. Petrocelli

SPRINGBORN BIONOMICS, INC.

790 Main Street
Wareham, MA 02571

U.S. Army Medical Research and Development Command
Contract #DAMD17-80-C-0011 V:

eN2

PROJECT OFFIC 'S

L. R. Williams W.H. van der Schalie

U. S. EPA U.S. Army Medical Bioengineering

Office of Research & Development Research & Development Laboratory

Environmental Monitoring Systems Laboratory Fort Detrick

Las Vegas, NV 89114 Frederick, MD 21701-5010

This study was funded in part by

the U.S. Army Medical Research and Development Command.

This doc l ment hcsbeen 
o ppi ovedi." for p-airl-.aIi- ond zala; its

0., _ distrib-t. .n is unlimited.C) DTIC
SPRINGBORN BIONOMICS, INC. 24

790 Main Street S APR: 2 4MWareham, MA 02571 S D

F4:
,.. ..

. . . ... .8G 4 2: I 3,.,!i2~



SECURITY CLASSIFICATION OF THIS PAGE (When Dete Entered)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS R
1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED k

COLLABORATIVE STUDY OF Daphnia magna STATIC Final-- 12/82 - 12/85

RENEWAL ASSAYS 6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(&) S. CONTRACT OR GRANT NUMBER(a)

R.E. Bentley
D.C. Surprenant DAMDi7-80-C-O011
S.R. Petrocelli

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASKAREA & WORK UNIT NUMBERS--: "

Springborn Bionomics, Inc.

790 Main Street 62720A.3E16272OA835.AA.055
Wareham, Massachusetts 02571

I I. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE'-

U.S. Army Medical Research & Development Command January, 1986 P.
Fort Detrick 13. NUMBER OF PAGES

Frederick, Maryland 21701-5012 300
14. MONITORING AGENCY NAME & ADDRESS(II dllerent from Controlling Office) IS. SECURITY CLASS. (of this report)

U.S. Army Medical Bioengineering Research and UNCLASSIFIED
Development Laboratory

Fort Detrick IS*. DECLASSIFICATION/DOWNGRADING

Frederick, Maryland 21701-5010 SCHEDULE

16. DISTRIBUTION STATEMENT (of lti Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abetrect entered In Block 20, ff different from Report)

IS. SUPPLEMENTARY NOTES
This study was funded in part by USAMRDC and is Part 4 of the Final Report for
Contract DAMD17-80-C-OO11, titled "Determination of the Toxicity to Aquatic
Orarisms of HMX and Related Wastewater Constituents." The findings in this
report are not to be construed as an official Department of the Army (see over)

19. KEY WORDS (Continue on reveree aide If necessary aid identify by block number)

Collaborative, interlaboratory, Daphnia magna, static renewal, copper. sodium
pentachlorophenate, toxicity,

120. A(ITRAcr rconitue so lm r eire sff i.'oeaw wd Iderulfir by block number)K..-A Daphnia magna chronic test was evaluated as to its suitability as a

hazardous waste testing and assessment procedure. The purpose of this project
was to develop a practical and technically valid Daphnia magna chronic test
protocol and then to verify the accuracy and precision of this protocol in col-
laborative studies conducted jointly in governmental, academic, industrial and
contract testing laboratories. Based on the results of this collaborative test-
ing, the verified test protocol would serve as a new standard test method.,

DO I FIt,7 143 EDITION OF I NVo6S IS OBSOLETE

' f!CIJRITY CLA SIFICATION Of THIS PA' ,F ¢W NW )o te d) r "'.

V,

V. ................................................................ '.-. . . .



.. -rvm ,wwv . rwB " -. - ,.* -- -' x 
- - J ' - "

'
." -

MK 
"  

f " -- "X UP. "U.P -

SECURITY CLASSIFICATION OF THIS PAGE(Wha
"
n Des Entered)

Block 18 (continued)

position unless so designated by other authorized documents, Citation of
commercial organizations and trade names in this report does not constitute an

official Department of the Army endorsement or approval of the products or
services of these organizations.

A total of 11 performing organizations including 2 governmental, 3 academic,

2 industrial and 4 contract testing laboratories were included in this collabo-
rative study. Jointly, the laboratories attempted 45 chronic tests with 4

materials and 43 of these tests were successfully completed.

-Results (both intra- and interlaboratory testing) indicated a high degree
of accuracy and precision for routine tests with daphnids as the test organism.
Results illustrated those effect criterion which were sensitive and reproduci-
ble measures of toxic effects and those which were not. It was also determined
that environmental testing laboratories differed substantially in their
individual conformance to EPA Good Laboratory Practice requirements. In
summary, this study resulted in the development and validation of a technically
credible protocol which when employed by competent laboratory personnel, pro-
duces reliable and useful data for evaluating the potential environmental
hazard of solid waste leachates or other toxic mixtures. VV t-

2.2

%%,:
i I...

- . - .:. 2 *



EXEC'UTIVE SUMMARY

To effectively regulate the disposal of potentially

hazardous wastes in the aquatic environment on a

consistent, nation-wide basis, it is necessary to develop

a waste testing and evaluation procedure which will

provide accurate and precise results when performed with

reasonable care by personnel in a laboratory with average

facilities, capabilities and competence.

A Daphnia magna chronic test was selected for

evaluation as to it's suitability as a hazardous waste

testing and assessment procedure. Use of this test would

result in the development of the information on the effect

of the test material on the survival, growth, development

and reproduction of this sensitive aquatic organism.

The purpose of this project was to develop a

practical and technically valid Daphnia magna chronic test

protocol and then to verify the accuracy and precision of

this protocol in collaborative studies conducted jointly

in governmental, academic, industrial and contract testing

laboratories. Based on the results of this collaborative

testing, the verified test protocol would serve as a new

standard test. method.

The tt.st materials selected for this collaborative I
'Ad

study inic1ud(eu on(, organic (sodium pentachl oroph(enate) and .

onr incn,!a (conppr chloride) chemical. rlhst, c'ienicals
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were tested as pure materials and also with each as a

mixture with glacial acetic acid, a compound used in the

extraction of potentially hazardous materials from wastes

for testing purposes. Therefore, four materials were

tested by each laboratory.

A total of 11 performing organizations including 2

governmental, 3 academic, 2 industrial and 4 contract

toesting laboratories were included in this collaborative

study. Jointly, the laboratories attempted 45 chronic

tests with the 4 materials and 43 of these tests were -.

successfully completed.

Results (both intra- and inter-laboratory testing)

indicated a high degree of accuracy and precision for

routine tests with daphnids as the test organism. Between

laboratory variability was typically a factor of 2-3 X for

acute EC50 values and 2-4 X for chronic MATC values with

the selected test materials. In addition, results

illustrated those effect criterion which were sensitive

and reproducible measures of toxic effects and those which ..

were not. For example, survival, young per female and

length were most useful, while number of reproductive days

and number of molts was of lesser significance. It was

also determined that environmental testing laboratories

dil ored subst ant jaIl y in their individual conformance to

EPI'A i;ood 1,lirattury Practice requirorier nt s. M ote. em itsasis .

()[I til, t, IdaII,,n als of laborot ory qtullit y ,S.u arl(e
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programs for biological testing is required to ensure

uniform data quality and integrity in regulatory programs.

In summary, this study resulted in the development

and validation of a technically credible protocol which

when employed by competent laboratory personnel produces

reliable and useful data for evaluating the potential

*: environmental hazard of solid waste leachates or other

toxic mixtures.
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I. INTRODUCTIONI
Section 3001 of Subtitle C of RCRA requires the

.4!.4

development and promulgation of criteria for identifying

the characteristics of hazardous wastes which, due to

their toxicity, pose a potential hazard to the

environment. One criterion proposed for identifying

wastes of a hazardous nature is the effect of the material

on survival and reproduction of the freshwater

invertebrate, Daphnia magna. Daphnid life-cycle toxicity

tests have been used successfully to evaluate the chronic

toxicity of pure compounds, commercial products and

industrial wastewaters, but validated, standard procedures

applicable to screening complex environmental samples are

not available. To advocate the use of this toxicological

assay for a broad spectrum of screening and environmental

monitoring applications requires that the procedures

available be standardized, verified and validated by

collaborative testing.

The scope of this project encompassed three primary

objectives: 1) the verification of a routine, technically

practical, cost effective standard laboratory procedure

for determining toxicity and evaluating the potential

hazard of complex environmental samples to aquatic

organisms; 2) the planning , implementation and

management of an interlaboratory testing program to

4
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determine the reliability, reproducibility and accuracy of

the proposed standard procedure; and 3) the development

of a descriptive standard method including information on

test design considerations and constraints, scope and

application of method, experimental conditions, test .

organism acclimation and culture procedures, quality

control and quality assurance techniques, data analysis

and interpretation, reporting of results and the

facilities, equipment and supplies needed to perform the

test.

This report presents the results of an

interlaboratory validation study of a method entitled

"Protocol for Evaluation of Waste Leachate Acute and

Chronic Toxicity with Daphnia magna." The study was

performed by Springborn Bionomics, Inc. (SBI) and included

a total of eleven academic, governmental, industrial and

contract testing laboratories, each of which tested one

known and three unknown test materials.

II

S, .. . . . . .
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II. MATERIALS AND METHODS

A. PROTOCOL DEVELOPMENT & PRELIMINARY TESTING

During 1982, a draft protocol entitled "Protocol for

Evaluation of Waste Leachate Acute and Chronic Toxicity

with Daphnia magna" was developed jointly by the

Environmental Protection Agency (EPA), Environmental

Research Laboratory - Duluth, the Environmental Monitoring

Systems Laboratory - Las Vegas, and by personnel from

Montana State University. The protocol was designed to

estimate the acute (48-hour static exposure) and chronic

(21-day static renewal exposure) toxicity of substances

representing waste leachates to D. magna. This protocol

was submitted to a panel composed of experts flom

academic, governmental, industrial and contract testing

laboratories for their review and comment (Table 1). The

objective of the panel review was to insure that the

recommended test procedures conformed to the state of the

art technical and scientific considerations.

Subsequently, a meeting was convened with all parties to k
discuss reviewers' comments and identify any alterations

to be made to the protocol. These discussions resulted in

the identification of specific assignments for

investigators to make the protocol more explicit. Two

specific areas requiring further investigation prior to
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the initiation of the interlaboratory validation study

were identified. These areas encompassed both the food

the daphnids were to be fed, and the medium in which the

Daphnia were to be cultured and tested. This preliminary

investigation was conducted at both SBI, and the U.S. Army

Medical Bioengineering Research and Development Laboratory

(Army), Fort Detrick, Frederick, MD, to independently -

determine the most appropriate food and medium for the

- rearing and testing of Daphnia magna (Appendix 1). The

results of these studies were incorporated into the

protocol, and the subcommittee chairs of the peer review

panel were requested to comment. Their comments, as well

as those of the principals, were compiled into a draft

final protocol, which is presented in Appendix 2 and

outlined in Table 2.

B. LABORATORY SOLICITATION & SELECTION

At the inception of this program, SBI was asked by

the Army and the EPA to develop a collaborative study

which would have broad support within the aquatic

toxicology testing community. As a result, it was decided

that all testing must include individuals who represented

t e academic, governmental, industrial, and contract

testing laboratory sectors. As in any collaborative

testing, it was desirable to utilize no fewer than six

lauoratories for statistical reliability (Williams, 1984).

:" "4
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Participation by other laboratories in excess of this

number would provide an even better data base for

statistical analysis.

Letters soliciting interest in participation were

submitted to over fifty institutions. The letters

requested information on the laboratories' prior

experience with Daphnia magna culture and testing, the

nature of the dilution water in use at each laboratory,

the source and health of their organisms, and the degree

of implementation of EPA Good Laboratory Practice

regulations (Federal Register, 1983). Based upon the

response received from this informal solicitation, a list

of forty laboratories was prepared to whom a formal

request for bid was sent. Of the 38 respondents, eight

laboratories were selected for final qualification. These

included three university, two industrial, and three -"

contract testing laboratories. Pre-award site visits were

conducted by SBI personnel at six of these labs in order

to inspect test facilities, review personnel

qualifications, and evaluate daphnid maintenance and

quality assurance programs. Laboratories qualified in the

final selection process for the collaborative program

consisted of the following organizations:

Battelle Columbus Laboratories, Columbus, OH'"--4P

Diospherics Inc., Rockville, MD

Q° " 1

,. "o
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Environmental Research and Technology, Fort Collins, CO

Exxon Corporation, E. Millstone, NJ

Monsanto Company, St. Louis, MO

SRI International, Inc., Stanford, CA

University of South Florida, Tampa, FL

University of Wisconsin - Superior, WI

University of Wyoming - Laramie, WY

U.S. Army Medical Bioengineering Research & Development

Lab, Fort Detrick, Frederick, MD

U.S. EPA - Environmental Research Laboratory - Duluth, MN

SBI personnel and facilities participated as the twelfth

laboratory and referee for the collaborative study.

Since the objective of this collaborative testing was

to establish the accuracy and reproducibility of the

proposed method and not the laboratories performing it,

laboratory names have been deleted and replaced by numeric

designations in the results of this study.

C. TEST MATERIAL SELECTION

The original design for this project called for a

total of six toxicants to be tested by all participating

laboratories. Due to a lack of resources, testing with

only four compounds was completed.

The intent of a collaborative study is greatly

enhanced if the researcher is given compounds for which

o a- °
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no pre-judgements on appropriate ranges of toxicity can be

made. However, in order to assist the laboratories in

becoming familiar with the proposed test methods, one

material was identified to all collaborative laboratories.

This material, sodium pentachlorophenate (NaPCP), served

as the reference toxicant, and enabled the participating

laboratory to perform a test using the proposed method

with a compound of known toxicity. This approach also

allowed the referee (SBI) to evaluate the interlaboratory

variability for this material and corroborate these

results with values found in the open literature. The

other three compounds were tested as unknowns, and were

coded as compounds #658, #852, and #124. Since the

extraction procedure used to prepare leachates for testing

incorporates the use of glacial acetic acid (GAA), two of

these materials had an amount of GAA roughly equivalent to

the concentration expected in extracted samples (500

uL/L). While the effect of this small quantity of glacial

acetic acid was not initially known, it was assumed that

it would have little or no effect on the toxicity of any

pure material to be tested. It was therefore decided that

compound #658 would be NaPCP with qlacial acetic acid

(NaPCP/GAA) , compound #852 would b- c(pper (as copper

chloride, CuC] I ), and co o n lb! 41 4 woul,! bf, coppol with

glacial acetic acid (Cuc! ) . I'll,, . ll, itult was to

have two tests withI Ni l(' .,ii tw< ,i it , 1,,.1 to iniplove

IA
. . . . . . . . . . . . . . . . .
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the statistical analysis of the data derived from the

testing. The materials tested during this study were
.w

selected based on solubility and stability in water,

ability to be analytically quantified in water, and to be

representative of both organic and inorganic materials.

Due to the apparent stability of the compounds selected,

and in order to facilitate chemical analysis, a non-toxic

tracer was added to all samples of the test materials.

This material, fluorescein (LC50 >1000 mg/L), was selected

in order to streamline the analysis of the compounds by

permitting simple, colorimetric analysis rather than high

pressure liquid chromatographic (for NaPCP) or atomic

absorption spectrophotometric (for copper) analyses, and

was the analyte which was used to quantitate the

concentrations of the compounds tested. All test

materials were supplied as stock solutions to the

participating laboratories to ensure unifoi ity of

Amixtures. By protocol, all laboratories were required to

sample all test exposure solutions on days 0, 7, 14, and

21, package these water samples, and ship them to SBI for

analysis'. Fortified quality assurance blind samples (QA)

were prepared by SBI and analyzed on each day test sample

analyses were performed.

Prior to testing with specific materials by the

collaborating laboratories, precision and accuracy

analyses were conducted at SBI. Results of these analyses

naye wer analyses .
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helped to determine the precision which the analyst might

be expected to achieve, and the overall accuracy (or

recovery) of the methodology employed. Additionally,

storage stability of the samples was determined over a

minimum of a 120-day period to account for the possible

need to store samples from the collaborating laboratories

prior to analysis.

D. PRE-TEST MEETING

In order to ensure that all collaborating

laboratories had a complete and thorough understanding of

the protocol, the Scope of Work required that a

representative of each performing organization be present

at a pre-test meeting held at SBI's laboratory. This

meeting covered in depth the requirements of the protocol,

the standardized data forms to be used in recording data,

the data submission requirements, and the quality

assurance requirements. A significant amount of time was

allowed for questions from the participants to clarify the

requirements of the protocol. All collaborators were

instructed to contact SBI personnel if they encountered

any problem areas or had any questions.

E. COLLABORATIVE TESTING

The preliminary food and culture/testing medium study

(Appendix 1), conducted as a prerequisite to this

- . . - S -* S - * \-. -
* S * * *. * * --.



collaborative study, established that for acceptable

results and practicality, the standardized medium would be

a modification of Marking's and Dawson's formulation for

hard reconstituted water, while the food would be a

combination of trout chow and the alga, Selenastrum

capricornutum. Each laboratory received fresh stocks of

trout chow, algae, and Daphnia prior to the initiation of

testing. Each labotatory demonstrated that daphnids could

be cultured successfully under the prescribed conditions.

Prior to initiating the collaborative tests, a new

population of Daphnia magna as well as a quantity of fish

food (standard trout chow) large enough for the entire

duration of these studies was submitted to each

participating laboratory from the EPA, Environmental

Research Laboratory, Duluth, MN. In addition, all

laboratories were supplied agar slants of the alga,

Selenastrum capricornutum, to be used as a food supplement

from Springborn Bionomics, Inc. The original culture was

from the Army Bioengineering Research & Development

Laboratory, who obtained their culture from the American

Type Culture Collection. Prior to initiating the testing

phases of the program, all participating laboratories were

required to acclimate the daphnids to the conditions

described in the protocol.

The testing was designed to occur in phases. The

first phase was a familiarization period during which
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, daphnids were acclimated to the requirements of the

protocol, and the "known" test compound, sodium
IE

pentachlorophenate, was tested. The testing with the

, three unknowns was not initiated until the results of this C

test were received and reviewed by SBI personnel. If the

preliminary results were consistent with the results

i ~obtained from the testing which had been previously [[[

conducted at SBI, the laboratories were authorized to

proceed with tests of the unknowns. If there were any

problems with the familiarization phase testing or the

data were contradictory, efforts were immediately made to

locate the source of the problem and to implement the

appropriate corrections. All participants during the

testing were required to submit monthly progress reports

to SBI and as stated previously, were encouraged to call

and discuss any problem areas, or areas of confusion.

F. DATA COMPILATION, REVIEW AND STATISTICAL ANALYSIS

During testing, all data were to be recorded on forms

provided by SBI with the protocol to promote uniformity of

data submission, and to facilitate the final tabulation

and analysis of the results of each laboratory's tests.

Upon completion of each set of tests, the data were

submitted to SBI for analysis and archiving.

Data submitted by all collaborating laboratories and

analyzed by SBI personnel included the results of physical - -
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measurements (pH, dissolved oxygen, temperature, lighting

regime, hardness and alkalinity) and the biological

measurements (survival, number of reproductive days, time

to first brood, cumulative young produced per female,

cumulative young produced per female per reproductive day

and length). The length measurement was stated as an

optional measurement in the protocol; however, for the

purposes of this study, it was a required measurement.

EC5O values were calculated by moving average angle

analysis, probit analysis or binomial probability with

non-linear interpolation according to a program developed

by Stephan (1982, personal communication).

Survival data from each concentration were compared

to the survival in the controls using the Fisher exact

test with a one-sided 5% significance level. In order to

control for multiple comparisons, no concentration was

considered significantly different from the control if all

higher concentrations were not significantly different

from the control (Marcus et al., 1976). All other

biological measurements were subjected to a one-way

analysis of variance (Steel and Torrie, 1960), and where

treatment results differed from the control, results were

analyzed by Dunnett's procedure. These results were used

to estimate the maximum acceptable toxicant concentration

(MATC). The MATC is defined as the maximum concentration

of test material which would not elicit an adverse

mft

.....................................................................
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response from the exposed organisms which was

significantly different from that of the control

organisms.

In order to determine whether systematic or

interlaboratory variabilities existed, the lower and upper

levels of the MATC's as well as the geometric means of the

MATC's were analyzed by the methods of Youden and Steiner

(1975) utilizing NaPCP and #658 (NaPCP/GAA), and #852

(CuCd2 ) and #124 (CuC]2 /GAA) as pairs.

III. RESULTS AND DISCUSSION

A. WATER QUALITY

Water quality measurements made during this testing

were pH, dissolved oxygen (D.O.), temperature, hardness

and alkalinity (Tables 3-6). For all four tests at each

laboratory and among all laboratories, pH's ranged from

7.3-8.9, D.O's from 4.6-9.7 mg/L, temperature from

18-23 C, hardness from 110-216 mg/L, and alkalinity from

100-136 mg/L. These data illustrate that the recommended

dilution water, while in some cases being more variable

than allowed by the protocol, provided a test medium which

could be prepared with a minimal variability in water

quality. There was virtually no difference observed

between the measured water quality parameters measured on

i..i

*.-... ***-.**
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newly formulated solutions or the solutions which had

daphnids (2-3 day old samples).

B. ANALYTICAL PRECISION AND ACCURACY

The results of the analytical precision and accuracy

- studies conducted at SBI are presented in Appendix 3.

Mean recoveries (or accuracy) of all test materials from

water ranged from 91-104%, indicating satisfactory

recovery of these compounds. The results of the sample

stability analyses yielded satisfactory recoveries

throughout the desirable holding time, and in some

instances, for substantially longer periods than required

(Appendix 4). The tracer, fluorescein, which was used in

conjunction with all test materials proved a much more

cost effective means of measuring the concentration of

these test materials in water than conventional

instrumental methods. All analyses were conducted by

colorimetric technique on a Technicon AutoAnalyzer. The

results of each compound's analysis by SBI of each of the

collaborative laboratories' are presented in Appendix 5.

Results of fortified quality assurance blind samples

generally yielded results within the range considered to

be acceptable (+ 2 standard deviations) (Appendix 6). In

certain of the analyses, it was determined that the

quality assurance samples had been fortified incorrectly.

In these cases, all data were further analyzed to assure

.. .. .. ... . . . . . . .. . . . . ......... .. . .. . .. .. ...... . .... -. . •*-~
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that the reported results were accurate. It is standard

operating procedure at SBI to run a full set of standards

before and after the analysis of each group of samples.

In many cases, standards are also inserted among the

samples during the analysis. Results of the analysis of

these standards are plotted by a 1st order linear

regression equation to ascertain overall linearity (as

indicated by the correlation index). If the correlation

index does not fall within the range established at SBI

(>0.985), the analysis is further examined, and the entire

set of analyses may be eventually discarded. In the cases

where the QA blind samples were not correctly fortified,

it has been determined through this procedure that the

analyses are correct as reported.

C. TOXICOLOGICAL EVALUATION

Eleven of the twelve laboratories selected to

initiate the collaborative study completed the required

testing. One laboratory elected not to complete the

testing program as required in the contractual agreement.

Forty-five chronic tests were attempted during the

collaborative study - 43 were successfully completed. A

test was considered successful based upon the following

criteria: control organism survival of > 80% at test

termination, control reproduction > 40 young per female

s;urvivinq at test t eriirat on, and _i mi,,a nqful
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concentration-effect relationship. One laboratory (by
I.

virtue of unacceptably low young production among control

organismus) was unable to successfully complete 2 of the 4

required tests. After reviewing the data and information

provided by this laboratory, it is believed that the poor

young production was a result of the use of Selenastrum

solutions which were contaminated (bacteria), and

therefore provided less than the required nutritional

level to the test organisms.

The statistical analysis of the data derived from

these studies is presented in Tables 7-10 and Figure- 1-6.

Table 7 presents the lower and upper limits of the MATC by

laboratory. Tables 8 and 9 present the mean, standard

deviation, minimum, maximum, range (in orders of

magnitude) and standard deviation (in orders of magnitude)

for the lower and upper limits of the MATC and the

geometric mean, respectively. Table 10 presents summary

statistics on interlaboratory variability. According to

the protocol, each test is supposed to bracket the MATC.

In a limited number of the tests conducted during this

testing, the MATC was not bracketed. These data were used

in the interlaboratory comparisons since this use provided

a more conservative approach to the analysis of

interlaboratory variation. With the exception of NaPCP,

the range of values for all compounds was less than one

order of mIgnitude. The ranife of the lower limit of the

*. .. . .. . . . . . . . .
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MATC for NaPCP was large due to an outlying value of 56

reported by laboratory 11. The standard deviation varied

from 0.13 to 0.39 orders of magnitude for all

determinations.

If interlaboratory variability was due to systematic

differences, a laboratory will have both values (NaPCP and

NaPCP/GAA or CuCl2 and CuCl /GAA) higher than the average22 hihrtathavrg

or lower than the average, and points will cluster along

the 450 line in the Youden plots. If the variability is due to random

variation the two values will not be correlated and the

points will lie in an eliptical region. The Youden plots

do not show points which cluster along the 45 line. For

NaPCP, systematic error was estimated to be 27%, 32% and

19% of the variance of the lower and upper limits of the

MATC and the geometric mean, respectively. These values

were not significantly different than zero. The low

values found by laboratory 8 appears to account for most

of this variation. For CuCl 2 , there was no appreciable

systematic error. The ranking test did not indicate that

there were any laboratories that had consistently high,

low or variable values.

A comparison of all the data submitted by the

collaborative laboratories demonstrated significant

variability in the number and frequency of molts generated

by the test organisms. This variability suggested that a

consistent understanding and method of measuring this
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parameter did not exist among the laboratories

participating in this study. Based upon the lack of

reproducible measurements of this parameter, the number of .

molts produced by the test organisms was not evaluated N
when determining the MATC for each of the test materials.

A comparison of the performance by laboratory for

controls throughout the testing is presented in Tables

11-15. For all four tests and across all laboratories,

the control survival ranged from 80-100%. Number of

reproductive days were 11-14; cumulative number of

offspring, 60-101; cumulative number of offspring per

reproductive day, 4.8-7.6; and length ranged from 3 6-4.2

mm. While some variability is evident, these data suggest

that the requirements in the protocol for these

measurements should be retained.

All chronic testing was preceded by a 48-hour static

acute toxicity test, which served as a range-finding test

for the selection of chronic test concentrations. For all

laboratories with NaPCP and #658 (NaPCP/GAA), the mean and

standard deviation EC50's were 987 + 309 and 1088 + 361

ug/L. The ranges of EC50 values for these compounds were

from 484-1612 ug/L, and from 500-1595 ug/L. The mean and

standard deviation EC50 values for compounds #852 (copper) .

and #124 (copper/GAA) were 271 + 173 and 205 + 42 ug/L.

The ran(qes of ECS0 values for these compounds were from

48-656 ug/L and 140-287 ug/L (Tables 16-19). The 21-day

. . . . . . _ . . . . . . . . .. . . . .. **.

...... ..... ...... . ..... ... hk*% . . .. I *.i.
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LC50 values which were calculated based uport the number of

animals surviving at test termination were 657 + 154 ug/L

and 585 + 163 ug/L for NaPCP aid #658, and 93 + 20 ug/L

and 102 +38 ug/L for #852 and #124 (Tables 16-19). While

evincing some difference, these values tend to corroborate

the similarity in toxicity between the test material

alone, and the test material mixed with glacial acetic

acid, and lend further credence to the direct comparison

of the resulting data.

Another comparison of reproducibility between

laboratories is found in the geometric mean MATC's shown

in Tables 20-23. As before, while the ranges suagest some

"normal" biological variability, the geometric mean MATC

of all values for each compound are virtually the same.

A comparison of all MATC values derived during this

testing indicates that the most important biological

measurements are survival, young per female, and length,

in that order. Assuming that the range-finding test is

accurate, it is normally expected that there will be an

effect on the survival of the organisms. As can be seen

in Table 24, survival, in the case of NaPCP and NaPCP/GAA,

was clearly the most important effect criterion and

yielded good reproducibility between these compounds. The

other criteria measured were of much less importance for

these two compounds.

" .. . . -,. - 'i I -I -i I I. . .
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Cumulative number of offspring per female appears to

be another parameter of significance. Besides yielding

important information on the overall health of the

daphnids, in certain cases, it proved to be the only

effect criterion. Length, while more difficult to

measure, was a similarly important effect criterion. Care

must be taken to assure that the investigator is measuring

* correctly (and an explicit procedure must be written to

- assure this), but th data clearly suggest that the growth

measurements have the potential to provide more

information about the long term effects of a material on

this organism than certain other measurements.

Correspondingly, it is obvious that exposure to copper

provided a significant number of "sub-lethal" effect,'.

with young per female, young per female per day, and

length being very important. Since young/female/day is a

function of young/female, it is probably not necessary to

make both measurements.

The other effect criterion, number of reproductive

days, and time to first brood appear to be of lesser

importance in evaluating exposure effects as these

criterion were never the sole indicator of the MATC. In

fact, in many cases these two criterion did not yield an

accurate estimation of the MATC.

.. . . . . . . .. . . . . . .". . . . .." -' * *• " - *. . . . . . ." "* J -•". . - . , .•". ". . -
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D. LABORATORY QUALITY ASSURANCE

The protocol ;pecifically reqjui red adherence to the

most recent Good Laboratory Practice guidelines (as

published by the EPA in November 1983). Based upon SBI's

pre-award audit of the facilities and statements made

during the pre-test meeting stressing the necessity for

strict adherence to GLP's, it was expected that the

laboratories would be substantially in compliance with the

intent of the guidelines. While certain of the

laboratories were meticulous in their record-keeping, it

was found that some labs were not in compliance with the

regulations. Among the deviations observed were the use

of pencil to record data, the use of correcting fluid to

revise data, total obliteration of entries, lack of

initialed and dated data entries, and others. While these

problems do not appear to have altered the final outcome

of the testing, they suggest that the laboratories varied

widely with respect to the importance or attention given

to even the most fundamental quality assurance

requirements.

IV. CONCLUSIONS

In conclusion, this collaborative study entailed the

testing of four different materials in pairs of two which

were similar nenugh tc, each ot-hen to enable direct

compari soti of h,, I ! o d(d r ived from the test in(,. O 45

tests; at tempt (0, 43 wel . (tomt_, t.ed c;eu er.,tu ]y..

I?

...............S .'...



The data derived from these, t-sts yielded a high %

degree of precision both within anid bet , r laboratories,

and particularly when compared to previous daphnid

interlaboratory studies. Static, acute toxicity tests,

chronic control performance, MATC's, and even effect

criterion provided reproducible data. Between laboratory

variability was typically a factor of 2-3 X for acute EC50

values and 2-4 X for chronic MATC values with the selected

test materials. In addition, results illustrated those

effect criteria which were sensitive and reproducible

measures of toxic effects and those which were not. For

example, survival, young per female and length were most

useful, while number of reproductive days and number of

molts was of lesser significance.

Based upon the ultimate significance of the

biological effect measurements, it appears that survival,

young per female, and length measurements should be

required criteria for assessing the toxic effects of the

test material to D. magna. The other measurements yielded

data which were not required for an estimate of the MATC

arid in some cases, actually confounded the estimate.

A review of the data packages submitted clearly

suggests the need for greater adherence to the Good

lcbr at ory Pract ice re(gulations.

'i rn l y, it is our I).,I (1 ( l.- , t e . t c l tiltCi

w-t t -ri piresents a, woe kahli, expl icit Iit t i,)OAW(Cy fo 0_1-o

. . * .. -. . . * . - - *. . .. *- -' * * . . *. ** ',.* *. .'. . " .
°
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performing a static, renewal chronic toxicity test with

Daphnia magna to provide an estimate of the MATC.

'S'S



V. RECOMMENDATIONS

In general, "Interim Procedures for Conducting the

Daphnia magna Toxicity Assay", as followed in the

preceding studies was considered acceptable as a routine,

standard test methodology.

Following are comments - both positive and negative -

pertaining to the protocol, and suggestions for change or K..

improvement.

1. There was general agreement between all

laboratories that the acclimation of the t est organisms

was very important. The quality of the daphnids derived

from the acclimation cultures was consistently high. One

laborat rry commented that the criterion, added during the

pre-test meeting, that cultures must produce > 3 young per

female per reproductive day prior to use, should be

increased to 5 young per female per reproductive day. It

was their opinion that cultures producing only 3 young per

female per reproductive day could be unhealthy.

2. Many laboratories felt that the glassware cleaning

procedures were unnecessarily cumbersome, and needed, at

least, to be consistent throughout the protocol. It was

suggested that once the test vessels are initially cleaned

with soap, acid and acetone, that beakers should then be -
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able to be scrubbed with a brush and rinsed with deionized

water.

% two-stage randomization procedure for both the acute and

% chronic tests exposed the daphnids to excessive handling.

All of these laboratories felt that a one-stage

randomization procedure would be adequate.

4. Some laboratories indicated that the protocol

requirements for dilution water hardness and alkalinity

were too restrictive. Several found it difficult to

consistently meet the ranges as provided, although most

were able to maintain their waters within the appropriate

range. Based upon the new/old solution water quality

measurements, it appears that the inclusion of a

requirement to measure old solutions should be deleted.

5. One laboratory commented that further thought

should be given to the algae culturing requirements.

Vitamins and selenium were suggested as additions while

sodium silicate was suggested as being unnecessary.

In view of the above suggestions, it appears thit

certain changes to the test protocol as presently

constituted are warranted. The practical considerations

described above will enhance the ultimate outcome of the

test by eliminating some of the more restrictive area(s. N.
b.'

.. ..*.*..
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Tabic 1. Panel ot experts convened to review the proposed protocol
entitled "Protocol for Evaluation of Waste Leachate Acute
and Chronic Toxicity with Daphnia magjna".

Government

,N ~ Dr. Cornelius Weber - EPA J

Dr. Lewellyn Williams - EPA

Mr. J. Gareth Pearson - EPA

Mr. Stephen Ells - EPA

Mr. Todd Kirnmell - EPA

Dr. Kenneth Biesinger -EPA

Dr. William van der Schalie -U.S.A.M.B.R.D.L.

industrial Laboratories

pDr. Michael Lewis - Procter &Gamble Company

Dr. Alan Maki - Exxon Company

Dr. Carl Muska - Haskell Laboratory for Toxicology
& Industrial Medicine

Mr. Mark Palmieri - Allied Chemical Corporation

Dr. William Adams - Monsanto Company

Commercial Laboratories

Mr. William McAllister - Analytical Bio-Chemistry
Laboratories, Inc.

Mr. Benjamin Parkhurst - Western Aquatics, Inc.

Mr. Gerald LeBlazic - Sprizngborn Bionomics, Inc.

Mr. Robert Bentley - Springboril Bionomics, Inc.

K Dr. Kenneth Duke -Battelle Columbus Laboratories

Academic

Dr. Karen Porter -University of Georgia

Dr. Arthur IBuikema - Virglinia Polytechiiical Institute
'And State Uriivcr ,itv

Dr. Clyde Goul dcii - Thu Acaidemy oft Natt ioI.ti Sc i ncei

Dr . Ka thleen~ Keat il1(j Rut gl i Unie IVlsi ty



Table 2. Description of the major features of the protocol ,

as accepted by the review panel.

-DESIGN

- 5 toxicant concentrations

- 50% dilutions

- 10 replicates per concentration

- test vessel - 100mL beaker with 80 mL solution

- one organism per replicate

- test duration - 21 days

-CONDITIONS

- Static renewal (M, W, F)

- dilution water - Marking's & Dawson's hard reconstituted water

- food - 5mg/L SD-9 fish food/1.8 mg/L (lX105 cells/m)
green alga per feeding

- lighting 50-100 footcandles, 16 hr. L

- organism age - -24 hours @ test initiation

-END POINTS

- survival

- reproduction

- growth

"9
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Tabic 7. Determination of the lower. and upper limits of the MATC by laboratory
and compound. All v l-urs arc presented in 11ig/L.

*6.

NaPCP NaPCP/GAA CuC12 CuCL2/GAA

Laboratory Lower Upper Lower Upper Lower Upper Lower Upper

*1 469 983 464 917 10 26 68 130

2 471 898 386 737 -- 28 -- 17

3 425 875 397 793 25 61 29 53

*4 317 580 535 1049 44 84 12 25

*5 390 808 427 835 69 129 16 30

*6 506 1050 425 797 59 107 34 71

*7 576 1450 406 743 18 33 31 77

7A 243 467 --- ----

8 83 170 --- -- 27 9.8 21

9 220 458 221 447 11 80 43 87

*10 194 444 -- 119 38 93 19 41

---1 56 234 483 48 56 56 107

*. .*. 4. . . *. . . . *.. **
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Table 9. Summary of the statistical determinations for the lower and upper
limits for the MATC. All values are presented in ~gL

Range in S.D. in
orders of Orders of

Compound Mean S.D. Minimum Maximum Magnitude Magnitude

Lower Limit

NaPCP 354.00 153.73 83 576 0.841 0.25

NaPCP/GAA 388.33 101.42 221 535 0.384 0.13

CuCL 2  35.78 21.14 10 69 0.839 0.31

*CuCL 2 /GAA 31.78 19.22 9.8 68 0.841 0.28

Upper Limit

NaPCP 686.58 396.90 56 1450 1.413 0.39

NaPCP/GA.A 692.00 270.06 119 1049 0.945 0.28

*CuCL 2  66.80 37.37 26 129 0.696 0.27

*CuCL 2/GAA 59.91 37.62 17 130 0.883 0.30



Table 9. Summary of the statistical determinat ions made usinq tile ;eonwtric
mean of the MATCs. All values are presented in :ig/L. Z

Range in S.D. in
Orders of Orders of

Compound Me-an S.D. Minimum Maximum Magnitude Magnitude

NaPCP 512.61 233.54 118.79 913.89 0.886 0.25

NaPCP/GAA 541.64 138.93 314.30 749.14 0.377 0.13

*CuCL 2  ).37 27.97 16.13 94.35 0.767 0.29

CuCL2/GAA 45.13 26.48 14.35 94.02 0.816 0.28



Table 10. Statistics on interlaboratory variability

Compound

SR SD F ratio Sb D.F.

* NaPCP/NaPCP:GAA

Lower limit 80.5 118.5 2.17 61.5 8

*Upper limit 243.0 106.7 2.80 230.6 10

Geometric mean 136.2 173.5 1.62 75.9 8

CuClJCuCl,:GAA f

Lower limit 24.3 14.3 <1 0

*Upper limit 42. 6 31.1 <1 0

Geometric mean 33.1 18.6 <1 0-
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Figure[1. Youden plat cornparln:- tho lower limit or the
MATCs derived for NaiPCP and NaPCP/GAA.
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Figure 3. Youden plot comparing the geometric means of the

MATCs derived for NaPCP and NaPCP/GAA.
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Figure 4. Youden plot comparing the lower limit of th
MATCs derived for CuCL 2 and CuCL 2/GAA.
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Figure 5. Youden plot comparing the upper limit of the
MATCs derived for CuCL2 arid CuCL2 /GAA.N
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ri.;ure 6. Youdcen plot comparing, the yeometric ineans of th.e
MATCs derived for CuC 2 and CuCL 2 /GAA.
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Tahlt 16. Comparison ot static, acuto EC5O' S and 9'. cOnIiidtcC' Iimnits %

vs. 21-day LC50's by laboratory for NaPCI, in tuc;tinq conducted
prior to and at the termination of the chroni.c study. WL

EC50 LC5O
Laboratory 95% confidence limit 95% confidence limit

(ug/L) (uq/L)

926 757
(8(69-1005) (714-808)

1512 650
2 (1379-1648) (471-898)

1612 875
3 (1000-2000) a

1017 580
(922-1119) (317-1 280)

898 49''
(824-985) 390-808)

870 675
0 (790-978) (506-1050)

850 914
7 (630-1300) (576-1450)

1100 672
7 (960-1200) (467-1175)

740 710
8 (622-892) (500-1000)

484 404
9 (418-576) (309-562)

904 56"

1o (750-1500) (354-674)

)31 7

.'

° . -. . . .. . .. . . .... . .. . . °°

-- - - -. * - -- ." - - o
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',bl 1t'7. Compariuon of .-tatic, acut, EC,0' i.n. . ni i ncr iimit v .,-. 4

21-day LC 0'U by cabo)rat out for c I, Ai. 2I,i, t ,stinq p a

prior to and at th(2 terminatiu C! I :I A1! ,ur . '* 'k

ECS 5 LC50

Laboratory 95% confidenct limit 95% confidence limit

(uq/L)

1 u -2,. () 464-917)

679

2< 14 ,(386-1580)

'---U, 933

I 2(- K(750-1500)

2 ,624

(6 25- ,2f (2(,7- 104v)

]15tu 527

(10 30-1 1 (20H-835)

73(- 582
(572-82)9] (425-797)

931u 438

7 (820-1 0W>) (107-743)

a ___a

5), 404

(420- 2 ,u8) (286-648)

1 )T 378

125 1-25 0) (26-611)

848 637
S(7H1-1)2H-) (483-97 3)

1'' : , I

'-a.
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Tab(? 8.Comarionof static acute EC50OI and 9 5 % confidence limits vs

21-day LC5O's by laboratory for compound 852 (CuCL2) in testing
prior to and at the termination of the chronic study.

EC50 LC50
Laburatory 95% confidence limit 95 confidence limit

(ug/L) (ug/L)

1207 6 9
(26-110)

2 656 86
(500-1000) (65-110)

3 459 66
(250-1000) (46-91)

4 48 130
(36-61) (96-224)

5 222 100
(173-282) (69-129)

6 200 82
(151-296) (61-110)

7 202 90
(177-231) (76-117)

8 ---_a - -a

0181 )

(155-211) (68-122)

192 96

H. 8-2 30)) (80- 142)

(307- 3)2) (H4 - 1 08)
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IL

iab 1. 1). .Jolnj hi ci ,Uli o) s;tdLi c:, acutt, EC50)'i a nd 95>. coni i deict limits v,;

21-Jay LC50'., by laboratory for compound 124 (CUCL2 /GAA) in test-

ainq prior to and at the termination of the chronic study.

ECSO LC50

Laboratory 95% confidence limit 95% confidence limit
(ug/L) (ug/L)

1252 92

(206-308/ (67-136)

185 100

(168-200) (66-131)

3 140 80 1
(113-185) (53-121)

4 158 72

(129-200) (52-101)

5 287 84

(252-336) (55-110)

0 174 95

(130-237) (71-126)

7 212 88C
(180-247) (77-101)

8224 199
(185-268) (160-320)

9 213 120
(183-253) (87-166)

1u212 64
(15(0-300) (51-106)

11202 133
(163-273) (56-215)
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APPENDIX 1

An Assessment of the Suitability of Several Media

for Culturing and Testing Daphnia magna
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All AS;ESMENT OFi THEl SU ITABI LITY ()F

SEWAL COMBINATIONS OF MEDIA AND

DIET-S FOR CULTURING AND TESTING

Daphnia magna

Prepared For:

U.S. Army Medical Bioenqineering Research and Development Laboratory

Fort Detrick

Frederick, MD

and

U.S. EPA, Environmental Monitoring and 5'.. oort Laboratory

Las Vegas, Nevada

Prepared By:

Sprinqborn Bionomics, III(-. .'

Aqu1at ic Tnxi1cc Icqy La o ra tory

Wareham , pqassac:11u!71tit-c
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P6

The U.S. Army and U.S. EPA are currently developing a standard

*" test procedure to assess the toxicity of solid waste leachates. The

test is of static, renewal design and employs Daphnia magna as the

test organism. A major consideration in the -development of this

test was the culture and test medium and the diet to be recommended.

The purpose of this study was to assess the suitability of three

- combinations of test media and diets and recommend one combination

for use in the test procedure.

The three media-diet combinations were selected at a meeting

in Cleveland, Ohio, in February 1983, attended by recognized ex-

oerts in a.Iuatic toxicology and cladoceran biology. The suitability

of the media was assessed by culturing successive generations of

D. magna under acclimation and test specifications outlined in the

solid waste leachate toxicity test protocol. This test was per-

formed concurrently at the Aquatic Toxicoloqy Laboratory of Spring-

born Bionomics, Wareham, Massachusetts, and at the U.S. Army

Medical Bioengineering Research and Development Laboratory, Ft.

* Detrick, Maryland.

-A2

:[. ..I



NA'1ERI AIS AND MEPHODS

* This study was conducted according to the protocol entitled

"Protocol for assessing the suitability of various Daphnia mayna

culture and test media (EG&G, 1983)." Daphnia used in this study

* were obtained from the USEPA, Duluth, Minnesota.

* Culture Media

Three medium-diet combinations were assessed by Bionomics and

*Ft. Detrick. rlarkinq's and Dawson's (MD) medium-diet combination

of distilled, deionized water reconstituted to a total hardness of

160-180 ing/L as CaCO3 according to Marking and Dawson (1973)1

*(Appendix ).Added to the reconstituted water was 5.0 mg/L of

SD-9 fish food suspension (Appendix II) and 1.8 mg/L of the alga,

* Selenastrum capricornutum Ul x 105 cells/mL) cultured in micro-

nutrient supplemented MBL medium (Appendix III). Modified MS

* medium-diet combination consisted of an inorganic medium modified

* from the MS medium developed by Dr. K.I. Keating, Rutgers Univer-

sity (Appendix IV) and 6.8 mg/L of the alga, C-hlamydomonas rein-

hardtii (1.3 x 10 cells/L L). The Cblamydomonas reinhardtii was

cultured in a medium similar to the MS medium (Appendix V). The

- supplemental MDp medwni-liet pair consisted of the same reconstituted

- water and food( ar7 Lhc NI) med ium-d jet combination supplemented with

tilt m i eronu-tr ienit. (1s II I toi )roar-,t ion o)f the -dIoc-f i d HS1

* !fle~i1i111. In idd(1it ioii f() thes,( meditim-N jet pairs, iionoiiiics tested -

it:; itindlirdl diphinit t o Ld111 111d dnN N t (HIM) which Conrsi 5ted )I- We I

X'It t I' F t I I I i t I I t I I [,t I I n (I of 16 0- 130 m(j 1J i.; C 10o) ''

~4 ik i( ,1,. 11 tnI'/.V i1w5 n . 1973. i~x icity of quinalIdine so] fate to) I s
Invost. Pish (~(i iN-. 10. (1 . I i sh. Wi 1(1. Serv. , Washinqt( (r, IV. 10 .

. . . . . .. . ... . . .



11,1 to Markinq and Dawson (1973). 1"()(A c)iv3isto'd (i 5.0 mq/i, of-

yeast and 6.8 mq/l, ot Chlamydomonas rei nhardtii. This medium-diet

pair was assessed as a standard to repr(!sent control conditions.

Ft. Detrick also cultured daphnids for two qenerations in the

supplemental MD medium-diet without EDTA to determine whether ETDA

could be eliminated from the medium. This medium-diet was evaluated

since the elimination of EDTA would be desirable when determining

the toxicity of metals. The unchelated medium was described as

yellow colored; however no solid particles were observed. Batches

of each medium were prepared weekly. Total hardness, total al-

kalinity, pH, and specific conductance were measured with each

new batch of medium.

!'our criteria were established to assess the suitability of

each medium-diet combination tested for culturing and testing D.

magna. These criteria were:

1) Do D. magna cultured in the medium-diet combinations meet

minimum criteria established by ASTM for survival (70%) and

offsprinq/female (40) over 21 days?

2) Can the medium be prepared with minimum variability in water

quality characteristics between batches?

3) Can consistent per)formance of D. maqna be ohtained when

cultured 1n th( med Ium-d eIt (cimbi nat i()n?

4) 1 s tLhc mod i uji i nd thc¢ (I i t oc(onf m i c,. I 1v ,i n(I 1)- t 1 ,1 " ,/,

., .. . .. . .. ... ... - . ..
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Acclimation cultures -

Daphnids were cultured in each medium-diet pair for 4 or 5

consecutive 21-day generations. Culture vessels were 1000-mL

glass beakers, each containing 800 mL of medium. Three vessels

were maintained for each medium-diet pair. The first generation

was initiated by introducing ten daDhnids ( Z 24 hours old) ob-

tained from stock cultures to each culture vessel. One daphnid

was added to each vessel until all vessels contained ten organisms.

Offspring obtained from 14-18 day old D. magna ( 2nd-4th brood)

of each generation were used to initiate the subsequent generation.

Media and food additives were renewed three times weekly (Monday,

Wednesday, Friday). Only parental daphnids were returned to re-

newed solutions. All offspring were counted and removed from the

vessels on the day prior to initiating a new generation to ensure

that the new generation was initiated with daphnids which were

less than 24 hours old. Subsequent generations were initiated

in the same manner as the first.

Survival of parental daphnids and the number of offspring

produced were assessed at each renewal period. In addition,

the temperature, dissolved oxygen concentration and pH of each

old and new solution were measured in one replicate vessel at

each renewal. After 21 days, the individual length of each sur-

vivin(i parental Iaphnid was determined and the percentaqe sur-

Vivli I ()f- aLiu I Ls and niumber ()f of -spring )rtoduced pOY suvIfvin 11(l

fc rna 2 per1 ro, rod uct I 1vy day were ca lculated.

• . ", . ; - .-- " i .,'.'.--". "." , '-- . . .,- . . ' ,.v...,.. ... -' . - .'.. -. .-.. '..., -i' . - - . - '- ,"2- . -. . . .. . . .
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Media SLi tabi lit te!st

The uerformance of daphnids cultured in each combination medium

and diet was assessed through two 21-day generations. Test vessels

were 100-mL glass beakers each containing 80 mL of the appropriate

medium-diet combination. Daphnids ( . 24 hours old) used to initiate

this test were offspring from second generation acclimation organ-

isms and were isolated in the same manner used to initiate subse-

quent generations of the acclimation cultures. On day 14 of the

first generation, offspring ( . 24 hours old) were used to initiate

the second generation test.

Culture media and food additives were renewed three times

weekly (Monday, Wednesday, Friday). Only parental daphnids were

returned to the test vessels at each renewal. All offspring were

removed, counted and discarded. Additional observations (Tuesday,

Thursday) were made when required for determining time to first "-6

* brood.

Survival of parental daphnids and number of offspring pro-

duced were assessed at each renewal period. In addition, the

temperature, dissolved oxygen concentration and pH of each old

and new solution were measured in one reolicate vessel. Individual

lengths of surviving daphnids were determined on day 21. The

* number of broods per female alive at day 2], the number of off-

* spring per female o. ,r rearoductive day for f emales a I ive at day 21,

the number of days to first brood and longtth!s o)f teml(, U6apJhnl (Is

were subjected t-(, inilysis of variance. Si( if i iclnt ( 0 . 0 5)

d] I: f o (, (- f, , t l,'(I I (,
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me i u c--di et b bi nation were det ermin d usinq Duncans Multiple IN6

RESULTPS

A summary of the characterization of each batch of culture

medium prepared for this study is presented in Table 1. Each

medium was relatively comparable between the two laboratories

although pH values were lower in Bionomics Modified MS and were

more variable in Bionomics Supplemented MD. The pH of the modi-

fied MS medium used for the acclimation cultures ranged from

6.3 to 9.1 and 6.6 to 8.7 at Bionomics and Ft. Detrick respectively.

These ranges exceeded the recommended pH range of 6.8-8.5, however

they did not appear to affect the daphnids response. The media MD,

Supplemental MD and BM were comparable in characterization except

that supplemental MD had a consistently lower alkalinity. Eliminat-

ing EDTA from the Supplemented MD medium resulted in more variable

total alkalinities and specific conductances. The solutions were

also yellow colored, suggesting possible incomplete solubilization

of some components.

Acclimation

A summary of the water quality characterization during the

multiqeneration acclimations of D. magna to the various media-

diet combinations is presented in Table 2 for the Bionomics cul.-

tur ,s and Tab1, 3 f-(, the Pt:. Det rick cul t in . Tti, nua .

\-(,(I ')>;I!rn r. nti .It.Ions we. anu 1!t , I'I

Steel, R.G.D. and J.HI. Torrie. 1960. Principles and Procedurns of Statistics.

McGraw-i ll, New York: 481 pp.

* . . . . . .. . . . . . . . ..... . . . ... • I- 1 .
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p 0.05) higher in solutions of MD, Supplemented MD and Modified

MS media prepared at Ft. Detrick as compared to those prepared at

Bionomics.

Survival of daphnids was normal when cultured for several

generations in MD and Supplemented MD medium-diet combiiiations

at both Bionomics and Ft. Detrick (Tables 4 and 5). Survival

of daphnids cultured in Modified MS medium at Ft. Detrick was

consistently lower as compared to survival in the other media-

diet pairs. Survival of generations 2 and 3 were below 80%.

The first three generations of daphnids cultured in the Modified

MS medium-diet combination at Bionomics survived normally;

however, only 13% of the fourth generation survived.

There were no trends in reproduction or growth among gener-

ations of daphnids cultured in the same medium-diet combination

at Bionomics or Ft. Detrick. However, daphnids cultured in all

combinations of medium and diet at Bionomics produced significantly

more offsprinq than the daphnids cultured in the comparable

medium and diet at Ft. Detrick. There were no significant differ-

ences in size among daphnids cultured at Bionomics and Ft. Detrick.

Normal survival was observed among daphnids cultured for two

jenerations in SuppLementecl MI) medium-diet without EDTA. Daphnids

reared in this modium-diet wore q enci ad ly snai er and produced

eowe r eIt f sor nt as; (:oliparoU L(, dtpiii ds rered ini Al 1other

m'cditim-di t combilnations. In ddi ion, fi rst ( r,nleration daphnids

,- . .. . .*. .* . ~. . ..*<*.
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I%
cultured in the Supplemented MD mnedium-diet were e)alc, in appear-

ance and had very little fat reserves. These results, in addi-

tion to the coloration of the solutions sugqesting incomplete

solubilization of some constituents, indicate the Supplemented

MD medium-diet combination should not be used to culture and

test D. magna.

Medium diet

Communications between the two laboratories revealed several

differences existed between culture methods used at Bionomics and

Ft. Detrick. The light intensity orovided to the acclimation cul-

ture at Bionomics was lowered from -120 foot candles to 65 foot

cand],' on the fifth day of the first generation. The adjustment

in light intensity was made to provide comparable conditions be-

tween Bionomics and Ft. Detrick. Comparison of the survival,

growth and the reproduction of daphnids during the first genera-

tion of acclimation with that observed in subsequent generations

at Bionomics suggests that the adjustment made in ligTht intensity

had no effect on the daphnids response. Culture procedure modi-

fications made at Ft. Detrick to simulate conditions at Bionomics

0 0 -!
were (1) media storage temperature increased from 4 to 20 C,

(2) liht intensity increased from an average of 42 foot candles to

65 foot candles, (3) alqal suspendeci inl the appropriate algal

*. •

ctiitu l',, ,(diuml VIC-tSUS da',hn1idt cUILL:1u 0 II(tditLIP 111(1, (4) <lidditi()n ()J .''

micr, ~it r entr t tp)plollienl~t MD] fw <titll l I ll(, t-irat, ()f- tro>I - It io ! (n -

rip
............................. -.,.

.~'L 'A,
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vyersus 24 hours af tur preparation of the medium. The above men-

tioned rmodifications were made by Ft. LLtrick personnel after the

fourth generation acclimation cultures were complete(]. Eva]ua-

tion of the fifth generation acclimation cultures indicated that

there were no apparent differences in the daphnids' response

between the fifth generation and those previously maintained at

Ft. Detrick. The only observed effect of the modification made

at Ft. Detrick was the reduction in the number of observed daphnids

floating on the media's surface.

Media suitability test

A summary of the water quality characterization of solutions

during the medium-diet suitability tests is presented in Table 6

for Bionomics and Table 7 for Ft. Detrick. The pH values and

temperatures were generally comparable between generations and

between laboratories. Dissolved oxygen concentrations were con-

sistently lower in Bionomics' solutions as compared to Ft. Detrick.

The reason for this variance was discussed previously.

Survival of daphnids was normal when cultured for two genera-

tions in the various medium-diet pairs at Bionomics (Table 8).

There were no significant differences among the number of broods

per female cultured in the various combinations of media and diets

for two gienerations. '['her(, were no siuni i cant di fferences in the

time to first brood imon(i first ,fenrat iJn dlaphnids Cultu[( d in

th(, (litferent Inlri iii-:dit Pd i ,= ,it [it ( (nO(ii0(5;. The second rEndl a-

.. . . . . .! -.• - •"-" 4
%'' ' ' ' ' ' '' '' ' " "" " "" """ "" " " "" " "" ' '" "' ' .- - "" "' - -. -.- " " , - - -, -.- ,, .4 -" " ' '' ., , , . , . . . "" "" " " "" -. . . , .



t i (n daphni is cn I t.nred( in the MD med i um-diet produced the i f i r st

brood statistically significantly sooner than daphnids cultured

in the other medium-diet pairs. Second generation daphnids cul-

tured in the Supplemented MD medium-diet produced their first brood

significantly later than the other medium-diet pairs. Although

statistical comparison of time to first brood revealed several

sigInificant differences, these differences were not considered

biologically significant since the age of the daphnids at the

initiation of the test can vary within 24 hours and observations

made every 24 hours may not provide the sensitivity to accurately

define this parameter.

The first generation daphnids cultured at Bionomics in the

- MD medium-diet produced significantly fewer offspring and were

" significantly smaller than daphnids cultured in the other three

medium-diet pairs. First generation daphnids cultured in the

Supplemented MD medium-diet produced significantly fewer offspring

and were significantly smaller than daphnids cultured in the BM.

or the Modified MS medium-diet. The relative response in growth

and reproduction by first generation daphnids was reproduced by

second generation organisms. The lengths of second generation

daphnids cultured at Bionomics in the BM and the Modified MS

media-diets were comparable; however each was siknificantly Ireater

than the l en<iths ()I dajhnids cultured in the Supp I mont'(1 MI) and

th.. 1)mTti a-I(t :. Daphnih s cultured in the SuppI ,m(nt>(, ,I)

- nn fu t he, ) ti, 1-, i(,s woI ( of coripa rable ,ngIh .
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Norma I st I-vi \'al was observed amon g daphnids cut tured at i1,t

Detrick in the MD and the Supplemented MD media-diets for two

generations (Table 9). Only 55. of the first generation daphnids

cultured in the Modified MS medium-diet survived. Survival of

second generation daphnids cultured in the Modified MS medium-diet

was normal. There were no significant differences in the time

to production of the first brood of eggs among first generation

daphnids cultured at Ft. Detrick in MD, Supplemented MD and

Modified MS media-diets. Second generation daphnids cultured in

the Supplemented MD medium-diet at Ft. Detrick produced their first

brood of eggs significantly sooner than daphnids cu!tured in MD

and Modified 1IS media-diets. First generation daohnids cultured

at Ft. Detrick in the MD medium-diet produced significantly fewer

broods than daphnids cultured in Supplemented MD and Modified MS

* media-diets. Second generation daphnids cultured at Ft. Detrick

in the Modified MS medium-diet produced significantly more broods

than daphnids cultured in MD or Modified MD media-diets.

First generation daphnids cultured in the MD medium-diet at

Ft. Detrick produced significantly more offspring than daphnids

cultured in Supplemented MD or Modified MS media-diets. First

generation daphnids cultured at Ft. Detrick in the Modified MS

medium-diet were significantly smaller than daphnids cultured in

MD or Supplemented MD media-diets. The len(gths and number of

offsprinq produced by seco nd IC1nrati )n ,apho id cml t u re'd at Ft.

)et r Ick in th, thU(,. coIl)inat ions ()t mkd i a andi i ,'ts were' each

;i,ln i f an Iv lt i e nt tr , tIlk, t hers

? . * * *- *'.- * . .* *-*
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DISCUSSION

J

The results ot the suitability test were used to quantitatively

assess the medium-diet combinations according to the previously

mentioned criteria and the acclimation results were used as a

qualitative comparison of the test results.

Criteria 1

The MD and the Supplemented MD media-diets consistently met

the minimum criteria for survival. Below acceptable survival

occurred with the Modified MS medium-diet during the first genera-

tion test at Ft. Detrick. Below acceptable survival also occurred

with this medium-diet combination during the fourth generation

acclimation at Bionomics and second generation acclimation at Ft.

Detrick. To meet the minimum reproductive requirement, an average

of approximately 4 offspring/female/reproductive day would be

necessary. Daphnids cultured in all media-diets during testing

and acclimation met this requirement. Bsed on criteria 1, the

MD or the Supplemented MD medium-diet would be acceptable for

culturinq and testinq D. magna.

bjb -
° .-°

...............................................................................................
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Al thou. h 's i qn i t icant dil t:fe1en(,s in tie bi log ica I pa ramete rs

measured existed between daplhnid cultures in the MD and Supplemented

MD media-diets, these differences were not consistent between

laboratories. In addition, these differences always occurred

above the considered minimum acceptable criterion levels. Based

on these data, the differences in biological response of daphnids ..\.

cultured in the MD and the Supplemonted MD media-diets were not

considered when evaluating each medium-diet combination for

suitability for culturing and testing of D. magna.

Criteria 2

Coefficients of variation were calculated for total hardness,

total alkalinity, specific conductance ar! pH of the batches of

media prepared at both testing laboratories (Table 10). Analyses

of these values by ANOVA and Duncans Multiple Range Test, using

the values from each laboratory as replicates, indicated signifi-

cant variability occurred with total. hardness measurements of

Modified MS medium, and total alkalinity of Supplemented MD and

Modified MS medium. in addition, appreciable variation occurred

with pl! measurements at kionomics and specific conductance measure-

ments at Ft. Detrick of Supplemented MS medium. Based on criteria

2, MD medium would be th, most suitable medium for culturing and

testing D. magna.

.....................................................
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Criteria 3

Coefficients of variation were calculated for the day to first F,,.

brood, number of broods per female, offspring production, and

lengths of D. magna during the suitability test of the different

medium-diet combinations (Table 10). Analyses of these values

as described for criteria 2 indicated no significant differences

in variability existed between each medium-diet combination.

Based on criteria 3, all three combinations of medium and diet were

acceptable for the culturing of D. magna.

Criteria 4

The three combinatioiis of medium and diet evaluated proveu

to be relatively practical for use in culturing and testing D. magna.

Greater time was expended in preparing the Supplemented MD and

Modified MS media-diets as compared to the MD medium-diet. It was

estimated that it would cost 15 to 25% more to perform a static

renewal toxicity test using Supplemented MD or Modified MS medium-

dict, respectively, as compared to MD medium-diet. Based on

criteria 4, MD medium-deit combination is the best choice for use

in the culturing and the testing of D. magna.

Cnclus ion-

'luh resu I ti- f this study su(;uest that the :1iiediwiii--dit't h s.

1-(tjt H l t!Ip ('11! tlilii , 1111d th e t(-;1 111( ()f 1. ma'il' 11 Lt

iq [ :h ' ~ t l; -i ,. -'.



T1able 1. Water quality characterization of media used to cul-

ture D. magna at Ft. Detrick and Bionomics.5

Total Tobtal Specific
Hardness Alkalinity Conductan

Lab Medium (mg/L CaCO3)a (rng/L CaCO ) a anrhscm) P b W

Bioncmics MD 163(5) 110(9) 500(0) 8.2-8.4

Supplefrented MD 162(4) 60(15) 500(0) 7.2-8.3

Modified MS 34(5) 9.2(3.2) 288(23) 7.2-7.4

BM 164(6) 121(2) 500(0) 7.9-8.3

Ft. Detrick MD 174(4) 111(2) 517(29) 8.0-8.3

Supplemrented MD 167(7) 94(17) 638(95) 8.2-8.3

Modified MS 40(5) 9.1(3.2) 340(32) 8.1-8.4

Supplemrented3 MD 168(8) 79(27) 622(125) 8.2-8.3
w/o EEYTA

a Mean (and standard deviation).

b
Range
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Table 2. Water quality measurements made during the acclimation F

culturing of Daphnia magna in different combinations of
media and diets at Bionomics.

Dissolveda

a Ds a Temperature
Medium Generation oxygen pHb (0C)(mg/L)

. MD 1 8.2(0.1) 7.9-8.4 20(0)

2 8.0(0.8) 7.5-8.3 20(0)

3 8.0(0.6) 7.9-8.4 20(0)

4 7.8(0.6) 7.9-8.3 20(0)

Supplemented MD 1 8.4(0.7) 7.5-8.5 20(0)

2 7.9(0.6) 7.6-8.3 20(0)

3 7.1(1.1) 7.5-8.3 20(0)

4 7.7(0.6) 7.5-8.0 20(0)

Modified MS 1 8.3(1.4) 6.8-9.1 20(0)

2 7.2(0.9) 6.6-7.6 20(0)

3 7.1(1.1) 6.4-7.2 20(0)

4 7.2(0.8) 6. 3-7.2 20(0)

BM 1 8.0(0.9) 7.9-8.7 20(0)

2 7.7(0.9) 7.7-8.3 20(0)

3 7.4(0.8) 7.7-8.3 20(0)

4 7.5(0.6) 7.9-8.3 20(0)

a Mean (and standard deviation)

b
Rang e

I

............ a..........-
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Table 3. Water quality measurements made during the acclimation
culturing of Dapnnia magna in difterent combinations of
media and diets at Fort Detrick.

Dissolved
Oxygena  bTemperaturea

Medium Generation (mg/L) pHb (oc)

MD 1 8.3(0.7) 7.9-8.4 20(0)

2 8.5(0.5) 8.0-8.4 20(0)

3 8.4(0.5) 7.9-8.4 20(0)

4 8.6(0.5) 7.8-8.3 20(0)

5 8.1(0.6) 6.8-8.6 20(0)

Supplemented MD 1 8.5(0.5) 8.0-8.4 20(0)

2 8.5(0.5) 8.0-8.4 20(0)

3 8.5(0.5) 7.9-8.4 20(0)

4 8.6(0.5) 7.8-8.3 20(0)

5 8.2(0.4) 7.8-8.3 20(0)

Modified MS 1 8.6(0.4) 6.7-6.9 20(0)

2 8.5(0.4) 6.7-7.2 20(0)

*3 8.5(0.5) 6.6-7.3 20(0)

4 8.6(0.4) 6.6-7.2 20(0)

5 8.1(0.4) 6.8-8.7 20(0)

Supplemented MD 1 8.6(0.5) '7.8-8.3 20(0)
.. without EDTA

2 8.2(0.3) 7.7-8.8 20(0)

SMean (and standard deviation)

b
. bRang e

:. -.-lq.
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S.

Table 4. Survival, growth and reproduction of D. magna cultured
in several medium-diet combinations for four acclimation
generations at Bionomics.

Offspring/ Lenth% Length a :.

Generation Survival a Daph./ a (mm)Repro. Day

MD

1 100(0) 7.8(0.0) 4.3(0.1)

2 100(0) 9.6(0.5) 4.3(0.1)

3 93(5.8) 7.3(0.6) 4.0(0.1)

4 93(12) 6.0(1.1) 3.9(0.1)

Supplemented MD

1 97(5.8) 10.6(0.7) 4.7(0.1)

2 93(5.8) 8.9(0.6) 4.2(0.1)

3 100(0) 8.0(0.5) 4.0(0.2)

4 97(6) 9.3(0.4) 4.3(0.1)

Modified MS

1 97(5.8) 11.9(0.8) 4.8(0.1)

2 97(5.8) 11.9(1.2) 4.8(0.2)

3 97(5.8) 10.7(l.3) 4.4(0.1) b -.

4 13(15) 20.0(12.6) 4.2(1.0)

BM

1 93(5.8) 10.6(0.7) 4.8(0.1)

2 100(0) 8.8(1.3) 4.4(0.2)

3 100(0) 10.9(1.3) 4.6(0.1)

4 100(0) 12.3(0.9) 4.7(0.1)

Mean (and standard deviation)

777
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- rablc, 5. Survival, growth, and reproduction of D. magna cultured
in several medium-diet combinations for five acclimation
generations at Fort Detrick.

offspring/
%Daph./ Length

*Generation Survival Repro. Day (mmi)

* MD

*1 9 3 ( 1 2 )a 6.90(0.22) 4.37(0.29)

.2 83(15) 4.92(0.45) 4.18(0.18)

*3 100(0) 4.42(0. 52) 4.14(0.12)

*4 93(5.6) 4.45(0.21) 4.32(0.13)

*5 97(5.8) 5.31(0.18) 4.51(0.11)

- Supplemented MD

1 90(0) 7.06(0.04) 4.55(0.19)

2 87(15) 8.55(0.44) 4.62(0.20)
w..z

390(10) 4.96(1.40) 4.21(0.24)

4 93(5.8) 4.45(0.21) 4.32(0.13)

5 93(5.8) 4.96(0.88) 4.37(0.11)

Modified MS

1 87(5.8) 5.49(0.94) 4.23(0.14)

2 60(10) 6.51-(0.45) 4.48(0.15)

3 73(15) 4.44 (0. 30) 4.19(0.25)

4 87(15) 4.63(0.26) 4.17(0.12)

5 83(15) 5.05(0.35) 4.39(0.18)

Supplemented MD
without EIYPA

97(5.8) 4.15(1.10) 1.80(0.26)

290 (10) . .(0. 38) 4.02(0.P3)

r ( ir s t *ind, rd (I k vi t: i -0)
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Table 6. water quality measurements made during assessment of
various medium-diet comninations for culturing and
testing of D. magna. Assessment was performed at
kionomics.

Dissolveda
Oxygena b Temperaturea

Generation Medium (mg/L) pH (OC)

1MD 8.0(0.5) 8.0-8.3 20(0) .-

Supplemented MD 8.0(0.4) 7.7-8.3 20(0)

Modified MS 7.6(0.6) 6.5-7.2 20(0)

BM 7.8(0.5) 8.0-8.3 20(0)

2 MD 8.0(0.4) 7.8-8.4 20(0)

Supplen-ented MD 8.0(0.5) 7.7-8.0 20(0)

Modified MS 7.5(0.8) 6.5-7.2 20(0)

BM 7.8(0.6) 8.0-8.3 20(0)

aMean (and standard deviation)

b Range

1k
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Table 7. Water quality measurements made during the suitability
assessment of various medium-diet combinations for cul-
turing and testing of D. magna. Assessment was performed
at Fort Detrick.

Dissolveda
Oxygena Temperature

*Generation Medium (mg/L) pH (OC)

1 MD 8.8(0.3) 8.0-8.4 20(0)

Supplemented MD 8.8(0.3) 8.0-8.9 20(0)

Modified MS 8.8(0.4) 6.6-7.1 20(0)

2 MD 8.8(0.2) 8.1-8.3 20(0)

Suppleuented MD 8.9(0.2) 8.1-8.2 20(0)

Modified MS 8.8(0. 3) 6.8-7.0 20(0)

aMean (and standard deviation)

bRange



*Table 8. Performance of D. inagna during the suitability assessment

of various culture media-diets tested at Bionomics.

Days to Offspring/
FiLrst a % Broods/ Daph./ Length a

Generation Media Boa Survival Femlea RpoDa (m

I MD 10.0(0.8) 95 4.4(0.6) 6.8(1.1) 3.8(0.1)

Supplemented MD 10.8(1.7) 95 4.0(0.4) 7.8(1.2) 4.0(0.1)

Modified MS 10.4(1.0) 95 4.5(0.7) 10.9(1.5) 4.5(0.1)

BM10.4(0.9) 90 4.1(0.3) 10.7(1.2) 4.4(0.1)

2 MD 10.1(1.5) 95 4.3(0.7) 5.9(1.1) 3.9(0.1)

Supplemented MD 12.0(0.0) 100 3.9(0.6) 7.4(1.2) 3.9(0.2)

Modified MS 11.3(1.8) 90 4.3(0.5) 11.7(2.1) 4.5(0.1)

BM 10.9(1.5) 100 4.1(0.5) 10.5(1.4) 4.4(0.1)

a Mean (and standard deviation)
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* Table 9. Performance of D. magna during the suitability assessment

of various culture media-diets tested at Fort Detrick.

Days to #t offspring/
Geeaio daFirsta % Broods/ Daph./ a engtha

Genraton edi Brod Survival Femalea Rpro.y Day ()

1 MD 8.9(0.9) 85 4.6(0.6) 6.3(1.3) 4.22(0.10)

Supplemented MD 8.0(0.0) 100 5.0(0.4) 4.8(0.4) 4.16(0.10)

Modyified MS 7.2(0.4) 55 5.0(0.4) 4.2(0.6) 3.95(0.09)

2 MD 8.4(0.8) 95 4.2(0.4) 5.7(0.5) 4.22(0.05)

Supplemented MD 9.6(1.1) 95 4.0(0.2) 4.7(0.5) 4.08(0.08)

Mbdified MS 8.7(0.8) 90 4.5(0.5) 4.0(0.4) 4.01 (0.10)

a Mean (and standard deviation)
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RECONSTITJTD 'HAFBD W'ATEP TREAP.?IN

Materials needed: ,%

1. aoallon glass container or plastic carboy

2.deionized dist-,lled water

3.chemicals

C- CaCc 3 211 20

* 4.weio-nino, Dons and- sr~atuic

a. !"ncre (accurate to 0. C Irac7r

* ~ .stcrac'2 7ars -:--r sa..tz fcctZ--cnal c.J

1. 'horcuqnly rinse the 5-ga~lon container :tna IC% sTc

of: nitric aci. slowiy :;our out acid so-'utI-on ipzc Co2.d

running water. RinsEcare' t:-crcucn-Iv w-,th d.cz

o1stilled- water at ledst 5 times. IAccuratu2i': mark 19-

:l.rlevel in thie cont a ne r to fau iita te znrerra i on cof%%

.a tCAr eac d CP*t .

Weigh out stockz chemnicals one at a tlime In the followirac

amounts: 3.65 g INaIICO,

2.28 q Ca Q) 3 If

2.286 MqSO1

a.C
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Extr3 stocli m_,xtures can be we iq-t-d c-it in a( vance for use

in the next wee!: If stored in tiantly cov.erozd jars. 16

3. Ado-4ac roxirtately 15 liters of deionized distilled water

to the carboy'. Add the chemicals in the order given,

mixing thorouqhly after each addition. Rinse storage jar

with deionized distilled water and add rinse water to -

soiuticr. In Caro.. MIx solution thor-ocblv. Add deionized

distilled water to a total solution .7olumne of 19 liters.

4. Ucinc a macnetic stirrer, stir for 24 >.curs with - the co,-

tmr lid off, but cov.ered with, a foam --)luq or 3lass,

Awool to assure comrlete mix~n of chemicals and satu.ration

2: ~iso~v~'cxx';en.

Measure h~rnsal'alinity an.-: scvcox.c~''

h.ard--ness must be .-rm 160-130 may OCaCO, and the alkalinity

10-1.20 ra'; CaCO3 . This will verify proper measurement

and mixi.;: cf saint-s in creoarlnc the recOnstit-uted water.

If the haraness, alkalinitv and =H requirements are not met,

-"e reccn5-titutedi water must be 7cered acain.

.. . . . . . . .. . . . . . .. . . . . . . . .
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- Add 15 arams of trout food (No. I Qranules to 800 mL of

reconstituted hard water and blen 'cr 15 minutes to Iiqujf:-,.

- Pour into a suitable container and add 200 mL of reconstituted

hard water.

- Let stand for 15 minutes and then carefully decant the upper

800 mL and discard the remaining prec.pitate.

- Thoroughly mix the SUsDension and withdraw three 10-mL aliquots.

- Dr-. the alicuots at 1040 for 24 h-curs in reweighed tares.

- , eioh dry samples and subtract tare we,crt.

- Calculate averaae weicnt of a dr' sa-,le and the standard dev-aticn.

- Calculate welcht fcr one mL of -!- s:ds The final concentrat " c

r.st be 5 mg dry sclids per -iL cf oca, so the volume must be

ad-usted by adding water. The total v'oiuoe o-f water (X) to aad

ecuals the numner of meL -n the samzie after removal af -he ali'-uCts

"(7 mL) times the mcmL o" dry food weicned Y) div-'aea dv the

.. ,..L of dry food desired (5 mc.mL) 7nus the nurser c: nL n t.e

sa.o:Ie after the remova of toe al-zuczs.

'or examrie, if the dr-." food weizned 6.32 z.amoL (Y), the fcllcwing

e'-utcn will give X:

X (770' ) -70 where Y = rcia/L dr', weicnt

".(770' M. 32 7

X = 203 mL of water to add to 772 imL to -C e a ccncentrat:.on

or q mciL of -;r% fccd.

- t-rc trout incd 2o a r:er-:r .. is f'cu Mav oe ased "z to

14 cia.s. The trout fcod must conform to the current U.S. r-,Ish

- and Wildlife Service Srecifications whnicn can be obtained througn

Si-.estock feed stores. The dr'. fsn fcod should be stored in

- toe Jark at 4 C for not ( n-,:er than )ne "ear. The current vear s
"" srec': f:cat~ons fol1o'w,:

• ~~~~~~~~~~~~~~~~~~~~~~~~~. .. -... ,, . ".._.... .,..'.........- --.- ,."I ."-...••. o.-.. -,--...... • -
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Formulation S eiftcations for Starter Diet, SD9-30

(Starter, No. 1, and No. 2 granules)

1. Fish food mixture shall be composed of the following items.

The final product to carry the following guaranteed analysis:

Crude protein, not less than 501
Fish meal prctein, not less than 33%
Crude fat, not less than 17•.

Moisture, not more than 10.3%s

2. Fish meal: stabilized, maximum fat 13, maximum moisture :0

stored at the manuac:.er's no icnaer than 6 mcntns as .nai-

cated by the bill of lading. Meal must be cf fair averace

quality. Different meals may not be ccmined for ise n hen

feed. Maximum allcwable salt content of 5%.

3. Wheat feed flcur: minimum protein 14s, maximum fiber 1.51."

4. Soy, flour: defatted, minimum protein 48.5%, maximum fat 1%

(flour must be adecuatev.' toasted with a -rotein disners'-

t ndex sless tnan or ecual to 2C)

S. Dr:ed bicod fc u or rinc dried To meal: Iimum crotcin 60-N.

6. Trace mineral premix No. 1 (see Section 5 of specifications)-

7. Vitamin premix No. 3 (see Sections 4 and 7 of specifications).

8. Choline chloride, -0i.

9. Ascorbic acid.

,- - -o~~~~~~.......... .... . .. "."...-...... .. .. .. •................., - . -
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10. Fish oil: stabilized .with . J4 E[HA-EiIT (1:1) or O.Jli

ethoxyquin, less than 34 free fatt-.' acids and not alkaline

renroc', sscd.

Lignin sulphonate pellet binder (e.g. Ameribond, Orzan, ."

or equivalent)

Fish meal may be increased depending upon protein content but

must provide not less than 33% fish prcteln. Quantitv of added

oil may be adjusted so that the finished feed shall contain

not less than 171 crude fat. Wheat flour is to be adustcd to

compensate for the ancve variaticns. Not less than 6% of the

added oil is tc be applied to the granules a s a ton dressina;

the rest of the ol. tc be included in the feed mlx.

.€
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ALGAL CULTUR: AND STOCK SOLUTION PRLIE.:PAA'TON

Algal Culturing Methods

I. Introduction - The method described below is based largely on

conversations with Dr. Clyde Goulden and Ms. Linda Henry

(Academy of Natural Sciences, Philadelphia) for Selenastrum

culture in micronutrient supplemented MBL medium.

2. Glassware Cleaning - All glassware used for any aspect of algal

culturinq must be cleaned as follows: scrub with a l? solution

of Liquinox-non-phosphate detergent, rinse with tap water until

sudsing has ceased, then rinse three more times with tap water.

Rinse three times with distilled water, rinse once with 10'

IHNO ,, rinse once with acetone, and rinse three times with dis-

tilled water. A final rinse with the solution to be stored in

the glassware is required.

3. Preparation of Culture Media

3. 1 Selenastrum capricornutum. (Alqal source: American Type

Culture Collection No. 22662).

3.1.1 Macronutrient stocks. Prepare separate stocks (for Woods

Hole MBL medium)-of each of the following compounds by dis-

solvinq the specified weight into a total voltme of one liter

of glass distilled water.

Compound G rams L i te r

CaC] 1 211 ) 36. 76

MIgSO,- 711,0 36. 9

NalICO 12.60

K itPO 8. 71

NaNO 15 . 0 1
N' j i - t 2,8. 4 * 2.

a,,

a.i l ' ; , t ~ , ! : , ,, : : , ) I , i , i
" 'a.I , ' i .. i T ' ! , ' ' ' , ' ', l : , i , 1 7 , f ' ' , ; l 1 ' ,

I ,.... -:..- ::-":-"-":< :":.--::-:,- ?_ k":";;'::-" -"-i:i '- ;X' :: '--.,-::: i:-i.;,::.;: _,: :_. ....
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3.1.2 Micronutrient stc&, s. Pre-,arc ea-ch stock solution

shown below in a iznal voclue cf one liter of glass-

distilled wator. Mi:- unti dissc;.e vo. For stcc.: ::u. ,

add chemicals in thu order -hown.

Stock No. Comnound Grams/Liter

1 NaczEDTA 4.36

2 FeC1•6!iO 1.575 J1--

3 CuSO, 51i,2 0.01

CGC1 2 " bH! Z.0 0.31
ZnO " - 0 O. 02

N z-o "0. 206

.3 C

Stock. must be less than tnree -cn s old.

*se 2 mL/L of .

3.:.3 Record steer. solitton rcoret-zn :cr-.atin on Data

fcr 1i All ccmncunas used must ce ACS Reaoent ---

(or other niun curt - zrade if nc ACE stancard has De:-n

establisned for the copound used) . Refricerate all

stocks. Stocks zlcwna an." ev i _nce e : nreC: otat cn

or ccntaminaticn must not be used. Precipitation of thne

sodium silicate may occur with t-me. but the stock can

still be used.

. 1.4 For each litcr of :urtu medium beone =recared, nro -""

one milliliter of eacn nacrcnut-ent stock !. .! excent

s cd I, x. smIcato a n of eacn micrcnutr e n

stock (3.1.2). Place' one litcr :f mediu. in a 2 Z Erienme:er

flask, add a cleaned 50 min (2 incn) Teflon stirring bar,

and cap with a foam plua (Gaymar IDENTI-PLUGS are recom-

mended - Miller et 4, 1978) or with i cotton pluc wrapped

in cheesecloth. Cover the top with aluminum foil. Auto-

clave at 1. 1 Ka,'c, 2l psi) ine i21 °  for 15 minutos.

Allow to come tc room temrit.;rt . ,id I mL Na S) .

stock jsir.u 3terlQl tc.n-nl.rl..

.I .. . , . " r r:: 7c,_" ,. -: .. ,'.'.'..

.1.4 _ -L.-

d.. . . .:h , -"-"---" "-: :--- : :-:------: : .--- ' -" . . : - -:'.: ." -" " .
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3.1.4.2 For agar slants and petri plates, prepare medium as
above but, in addition, dissolve 1, (w/v) agar (DIFCO

Bacto-Agar or equivalent) prior to autoclaving. Place

agar solution into test tubes for slants; tilt after N'.

removal from autoclave but before the agar has jelled.

Pour autoclaved solution into sterile petri plates using

sterile technique.

4. Chtaininc Uncc.ntaminatc-d AlgaL Cultures. If stcck al:al-

cultures beccme contaminated or if zt is necessary to obtain

new uncontaminated al.-a stocks, use the procedure described

be.lw.

4.1 Usinq a sterile cizette, transfer one drcp of al',ae in

algal medium to a sterile petri plate with the apnrcnriate

aqar medium. Streak and allow colenies to grow.

4.2 Select a presurmntive clean sinale cell isolate from the

plate and transfer tc a new plate. Streak acain. Use

the uncontaminated sincie cell isolates from this -,late

to start new aaar slants.

- 5. Intattna an- Growinc Alcai Cultures.

5.1 Obtain uncontaminated cells frori isolates as descr'-,ed in

4. Prepare acar slants by transfer frcm clean acar slants.

Sufficient acar slants shculd be prenated such that one

u.s avaaz l e "r. t-.me a new ai.al :noZu>/ m ust z. 2r ,-

rare c. ree7 slants for three to six mcntns, but discard

a :tr use o- s et cf tra r.sfvr s

%lake a new set of slants (as rc-cuiredl from an ava. abl

slant, then inccuate 100 mL of mediu with aloae from

t e sIant ( .4.I an 2 .. 4. 2 Aliw the aloae to 7rzw -

in tnc medium and use. the inccu'.m nricr to the stationary :

_.base of crcwt'. T is may be determined by visual exam.-

natic., o: tr.e- 1cr f the ,.cffi.. once sufficient e. ,nze

• : J a.., ned 'w t c zu t r"i n .tn. -. *isk e, a] sa,-([- s ._tt b

w t;cr j'n it.n a r r "c F i p c0 u r. countze w t

.c'tct.vt..r : *..Surt, tnar t:%' cIre 11 ., in i :-

-...-
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growth. (it is assumed that baseline data is available

on the growth curve of the alga so that the cell concentra-

tion at the beginning of the stationary phase of growth

is known).

5.2.1 Grow incoluation cultures of algae under cool-white

fluorescent liahts at 4300 lumens (400 + 10% fc) at a

temperature of 24 1 FC. Stir algae to increase growth

rate. Place a piece of styrofoam between the stirrer and
the flasK to reduce heat build-up in the flask.

5.2.2 Grow algae under the conditions described in 5.2.1. Any

algal cultures having a typical coloration or showing gross

bacterial contamination must be discarded.

6. Harvesting Algae. (Either a batch or continuous-flow centrifuge

may be used for harvesting).

6.1 Method I. Check cell ccncentraticns to confirm loa-nhase

growth. Centrifuge the algae at a speed and time suffi-

clent to remove the alcae from the water column t700 x"

for 15 minutes is suggested). Pour off the supernatant,

leaving as little of the algal medium as possible benind.

Resuspend the algae in a small amount of the same solution

used for culturing the daphnids to be fed. Remove a small

porticn of the combined algal solutions and dilute as

needed to perform a hemacvtometer count. Count at least

100 cells per field; determine the oricinal cel- zoncen-

tration per milliliter as fcllows:

Cells/mL = (cell count) (10,000) (25 the nurmer of

double lined fields counted) (dilution factor)

Dilute the combined algal solution with the appropriate

daphnid culture medium so that one milliliter, when added

to 800 mL of daphnid medium, will create the appropriate

food concentration. Confirm the final cell concentration

with a hemac.:tometer count. Record data on Data Form ].

C.2 Method 2. Follows sugaestions prescribed in Appendix L

of the revised test protocol (January 1983, attached as

* AFpenjix B)

JO. . .. : *. .



6.3 Harvested Selenastrum may be stored in the refrigerator for

7-12 days after harvest.

7. Reference.

Miller, W.E., J.C. Greene, and T. Shiroyama. 1978. The

Selenastrum capricornutum Printz algal assay bottle test.

EPA-600/9-78-018. U.S. Environmental Protection Agency,

Environmental Research Laboratory. Corvallis, OR. p. 80.
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APPENDIX IV 9

KEATING'S DAPHINID CULTURE MEDIUM

Separate stock solutions of macronutrients (salts) and micro-

nutrients (metals) are prepared by adding ACS reagent grade ,.

(or other high purity grade) compounds in the following amounts

to 1-liter of glass distilled water. These solutions are

added (1 mL/L, except FeCL 3 ) to the culture medium and the pH

is adjusted.

Stock solution Medium
concentration concentration Stcck adZe

(o/L as whoe (r.c/L as wncie to meium
Comrcund cc=:ounc ro.nc mL 'L)

- -
"a z L,. D:T

*KCii~ " 3 "0 -0

K2~ ioo i0 o

C- 1 2 20 36.67 36.67

MSO 7H0 20 20 -

NaNO, 50 0-

NaS iC," 9 o0 :o "

Metals

FeC-, 9.90 3.4 as net__, 4

S.r.nC3  0 -. 720 0.

CoC, 6h'i 0.02] 0.005

Na±-Zc " I, 0.126 .05

HBL , 72 :.0 1.

NaBr 0.064 0.05 1

SrCI" 6H2 O 0.304 0.10 1

RbCl 0.141 0.10 1

LidC 0.611 0.10 1

KI 0 6 5 4b 0 .005 1

"t ') 0. 1)0 14- 0.0005

CuC a" 2t1.067 0.025
znC IL .. 2 . 5

• -,cz . 302

S .o . .* .° . . . . . - - . .-. .. *-. *-*-*. *. . . , . -*--.°. . . .. . .-.. * <. . _ ,
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a

Ad 25 mL concentrated HC. rer Iiter: sti~r 24 hours to
d I. SsoI'e.

b
Make a 0.654 g/L stock and d.iluter 1:100.

C
Make a 0.114 9/t stock and dilute 1:100.

Atomic absorption standard is 1 mnq,'r-aL, dilute 1:500.

LI
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APPENDIX V "

ALGAL CULTURE AND STOCK SOLUTION PREPARATION

Algal Culturing Methods -

1. Introduction - The method described below for culturing

Chlamydomonas sp. is based largely on conversations with

Dr. Kathleen Keating (Rutgers University) and Dr. William

van der Schalie (U.S. Army Medical Bioengineering Research and

Development Laboratory). "

2. Glassware Cleaning - All glassware used for any aspect of algal

culturing must be cleaned as follows: scrub with a 1% solution

of Liquinox-non-phosphate detergent, rinse with tap water until

sudsing has ceased, then rinse three more times with tap water.

Rinse three times with distilled water, rinse once with 10%

HNO 3 , rinse once with acetone, and rinse three times with dis-

tilled water. A final rinse with the solution to be stored in
the glassware is required.

3. Preparation of Culture Media

3.1 Chlamydomonas reinhardtii. (Algal source: Dr. Kathleen

Keating, Rutgers University)

3.1.1 Macronutrient (salt) stocks. Utilize stock solutions pre-

pared for Keating's daphnid medium with the additions shown

in Appendix A and Data Form 2.

3.1.2 Micronutrient (metal) stocks. Utilize stock solutions

prepared for Keating's daphnid medium (Table A).

3.1.3 Record algal-unique stock solution preparation information

on Data Form 2. All compounds used must be ACS reagent

grade (or other high purity grade if no ACS standard has

been established for the compound used). Refrigerate all

stocks. Stocks showing any evidence of precipitation or

contamination must not be used. Precipitation of the sodium

silicate may occur with time, but the stock can still be

used. B

2 2 ? -. 2 -'i." " . .2. ,." -"-"-, ." , -,".- ." , - - " -. .-- , • -, ,- - v .. . ., . . .. • . i. i-'...2 . , .. . . - ,-,.,,



."lwi t I " I 11O ici-onu i utr nt- t ;(J k i , 22 1 Ind

(J ill I i 11 i to t t thy rjcronuitri(nt stocks (except. !2n ric

ch I or id nd c I-r t in c(mpounds described in 3.2. 1

Adjust thQ Oil to 8.3-8.5 with Naoll (and IICl if necessary) .

Reduce the amount of liquid added by first adding strongq

solutions (e.g., 10 N) a drop at a time and going to

weaker solutions (1.0 N, 0.1 N) as the pH approaches the

desired range. Distribute one liter of the medium into

10-250 ml. Erlenmeyer flasks (100 mL per flask), cap as

described in 3.1.4. Flasks were covered with aluminum

ui it BiLonom vs. Flasks werc inv rvered at Ft. Detr .

Aurocla'( tt I.1 Kgicm (5I ps i -nd 121 C for 15 minutes.

..%1*-w to -,,me to room temperature-. Using sterile techniqu-,

remove a small volume from one flask and check the pH.

It should be approximately 7.8. See 3.1.4.2 for informa-

tion on aclar preparations.

4. btaLni.ng Unconta.T, ated Aa' Cu-'res. f stock ala

cultures become contaminated or if it is necessary to cbtain

new unccntaninated algal stccks, use the procedure described

below.

4.1 Using a sterile pi ette, transfer one drcp of algae in

algal medium to a sterile petri plate with the acnrcpriate

aqar nediu.. Streak and ,11cw colonies to grow.

4.2 Select a presumptive clean si.nIe cell isolate frcm the

plate and transfer tc a new plate. Streak acain. Use

tne Jncn tam i.ated si1n a ae LCtCS fr-m tnL S L- a

to start new icar slants.

t at;.-.a anel Gr's * ,--- -s-:

4 re-are ac.r slat... .--lean :

.. . . .... i D r ' .. . .' - ...,' -. ,'.. . f.. . ." % .

7".-

Ase in: c-
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Keatln2:'s Cu1turc Media

~ Ch1 amvdcnona s.
Comoun_ _athnia S IutionI mL Stock/ A1qal mL Stock," .

mg/L q/ L L Medium mg//L L Medium
Salts as whole

compound

KC1 10 10 1 10 1 . -

K2 HPO.'
3H.O 10 10 1 IQ 1

KH1,PO 10 10 1 25 2.5

Glycylglycine - - 250 weigh 0.250 g .

CaCIz - 2IzO 36.67 36.67 1 36.67 1

MSO,-7H1 O 20 20 1 20

NaNO, 50 50 1 150 3

NaSiO3 3 9HO 10 10 1 10 1

Vitamin BIZ - 0.00075 - 0.00075 1

Thiamine 'iCI) 0.071 -0.075 1.
Biotin - 0.00075 0.00075 1 -

metal as whole -
ccmound

N a, -. A - I ,-: -

FeCl, 0.4 0.0.20 4 0.4 4

MnCI1 "4fj, 0.2 0.720 0.2

CoCIz1-6H1 0 0.005 0.020 1 0. 005 1

NaMoO,.2H.O 0.05 j 0.126 1 0.0

H 3BO03  1.0 5.72 1 10 I1
NaBr 0.05 0.064 1 0.05[ 1

SrC~l'6HLO 0.10 0.304 1 0.10' 1

i RbC1 0 10 0 .141 Ii0

LiC. 0.10 O o. .. i 0.01 "

I KI 0.305 0.00634 b  0.005 I

0 H.VO 0 0. 05 0.J0114 c 0.3005

CuI • 2i,0 0.025 0.067 1 0.025

ZnCI2  0.025 0.052 1 0.025 1
d [ dSeO2  0.002 - 1 0.002 1

* a<

Add 25 L concentrated ""iC :;er liter: stir 24 .ours to dissolve.
b "

Make i.t;54 i/L stock and jilute 1:100.

Make 1 14 :/L stock and dilute 1:100.

if the -t'mic ,bsor-rtion standard is i m ImL, ilte !:-00.



. y - . -  
.1 7 7 .

..... '- " " Z

t. -ake a new set of slan~ts Ki ~rd rcm an av a -a C1-
sla'.t, then Lncculate 100 mL of -ed'im with alcae fr..'

to s n. (.l.4.1 and 2.1.4.21. A?1ow tre al:Jae tc crow

in the medium and use tne inoculu. =ricr to t.e statisnary

phase of growtn. This may be determined by visual exami-

nation of the --lor of t.e medium once sufficient exrer~ence

LS tained wi:n cult-urinc. Cth. r'ise, a sample must be

wltnarawn with a sterile pipette and counted wit!. . a

he.acytcmeter to ensure tnat :ne cells are in loq-pnase

ircwth. Ut is assured that baseline data is available

on the growth curve of the alca so that the cell concentra-

tion at the beainning of the stationary phase of grcwth

is known).

2.1 SGrcw incoluation cultures of algae under cool-wnte

fiuorescent iqhts at 4300 lumens (400 10': fc at a

emperature of 24 1 0 C.

5.2.2 When adequate growth has been achieved, transfer (using

sterile technique) number of milliliters to give an initial

inoculum in a 250-mL flask which is sufficiently high to

allow harvesting of the flask within a reasonable period of

time. Shake each 250-mL flask once in the morning and once

in the afternoon. Mixing may be accomplished by continuous

aeration. So that fresh Chlamydomonas are available, start

five new 250-mL flasks every Monday, Wednesday and Friday.

5.2.3 Grow algae under the conditions described in 5.2.1. Any

algal cultures having atypical coloration or showing gross

bacterial contamination, exhibitinci low motility or clumped .

cells must be discarded.

6. Harvesting Algae. (Either a batch or continuous-flow centrifuge

may be used for harvestinq) "

6.1 Method 1. Check cell concentrations to confirm loq-phase

qrowth. Contrifuje the alqae at a speed and time sufficient

to remove the alqae from the water column (700 xq for 15

r"- nutes is suqqosted). 1Pour off the supern, tant, le(i\7nll(; as

li t of th(' 1 aIled iill 'I'; possibl I behind]. IPusluspend

'Ii,' I ,V,- in I smjjj I (-)jj t ot tlio sinw so lut ion used tfo

it

< -~~~..".....-- .. -...... . • .- ..... -...... . . -... .-- -. :- -:.... -- ... :.:-: -"- .:---. i:
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rA culturing the daphnids to be fed. Remove a small portion

of the combined algal solutions and dilute as needed to per- 04
1

form a hemacytometer count. Count at least 100 cells per

field; determine the original cell concentration per milli-

liter as follows:

Cells/mL = (cell count) (10,000) (25/the number of

double lined fields counted) (dilution factor)

Dilute the combined algal solution with the appropriate daphnid

culture medium so that one milliliter, when added to 800 mL

of daphnid medium, will create the appropriate food concentra-

tion. Confirm the final cell concentration with a hema-

cytometer count. Record data on Data Form 3.

6.2 Method 2. A drop of algae from well-mixed culture of algae

, is used to fill a haemacytometer counting cell. Enough

sets (having 16 squares each) are counted so that between

100 and 200 algae cells are counted. A conversion of the

number of cells counted into the number of cells per milli-

liter is made using the following formula:

6
(no. of cells counted) x (4 x 10 ) No. of cells/mL

No. of squares counted

8The number of mL needed to get 10 cells is determined by
8dividing 10 cells by the number of cells per mL in the cul-

ture. The volume (mL) thus determined is measured, placed

in centrifuge tubes, and centrifuged at 2,200 RPMs (700 g)

for 15 minutes. The algae medium is then carefully poured

off, and ten milliliters of daphnid culture medium is added

to resuspend the algae (e.g., 10 mL will then contain 108

cells of algae. The algae in the reconstituted water is then

added to volumetric flasks containing approximately 950 mL of

daphnid culture medium. The centrifuge tubes are rinsed

twice to assure that all algae are removed, and the rinse

water is then added to the test solution. The test solution

is then made up to one liter and is ready for dispensing into

the test or culture chambers.

A small quantity of Lugol's solution may be added to the sample

prior to hemacytometer cotintinc; to prevent motile a1 hae ells --
(e .. , Chi amy(omonas)

................ ... . .
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APPENDIX 2

Protocol for Evaluation of Waste Leachate

Acute and Chronic Toxicity with

Daphnia mnagna
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INTERIM PROCEDURES FOR CONDUCTING THE DAPHNIA MAGNA
TOXICITY ASSAY

CHANGES AND/OR DELETIONS - 22 MAY 1984

page iii - add - and survival - after 21 days)...
page 2 - length is not an optional endpoint for this
study.
page 3 - pipet size should be ~ 1.5 times the size of the
organisms being transferred.
page 4 - after ... large numbers of young - add (3 young
per female per reproductive day).
page 5 - in water quality measurements section - change
to: Hardness and alkalinity will be done once per batch.
Dissolved oxygen and pH measurements must be made when
solutions are prepared and again after the transfer of
daphnids (on 2-3 day old solutions) enough times to
characterize the medium (a minimum of 3 times on new
solutions and 3 times on old solutions/28-day culture
period).
page 6 - Methods section - pipet size should be -1.5 times
the size of the organism being transferred.
page 6 - Acetate controls section - delete ...and all
concentr tions... before tested must... and insert
...other - before solvents.
page 8 - in Water Quality Measurements section - change
to: Hardness and alkalinty will be determined in the high
and low concentrations and control at 0-hour. pH and
dissolved oxygen measurements must be made in the high
middle and low concentrations and the control at 0 and 48
hours. Delete up to - Control concentrations... In the
pH section - add - of the test water - after pH.
page 9 - #6 - for clearer explanation, see p. 13
randomization.
page 9 - #8 - add (optional) after dead.
page 9 - #9 - same changes as on page 8.
page 10 - delete from ..., one of these tests... to
...repeated.
page 12 - in the methods section - add after ...beakers
must be distributed randomly - at the initiation of the
test only.
page 12 - fire polished pipet size is -1.5 times the size
of the organisms.
page 14 - in Water Quality Measurements section - change

*. to: Hardness and alkalinity will be measured on each new
batch of water and test solutions on days 0, 7, 14 and 21
for the controls and the highest concentration (with
survivors) tested. Measurements of pH and dissolved -

. . .. .

'.2'
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oxygen will be made on day 0 (new solution), day 7 (old
and new solutions), day 14 (old and new solutions) and day
21 (old solution) in the control and the high middle and
low test concentrations.
page 15 - Leachate measurements (toxicant) will be as
follows: Days 0, 7, 14 samples will be removed from all

* concentrations and controls prior to the addition of food
and the division into replicates. On day 21, all
replicate solutions from each existing concentration will
be composited and sampled.
page 16 - point #6 - two stage ramdomization procedure.
page 16 - " #8 - we suggest that broods may be based
on number of exoskeletons.
page 16 - point #9 - see previous comment for page 14.
page 18 - add - If before Control - delete will be and add
is, and after (Finney, 1971), add please indicate.
page 22 - pipet is - 1.5 times the size of the organisms.
page 24 - after ...methods used for measuring.., add pH
and temperature, and at the end of the sentence, add and
the results of these measurements.
page A-2 - add a point #6 - Reconstituted water will not
be used for more than one month (4 weeks).
page B-I - before - Freeze trout food..., insert
Either...; after .. needed, add or refrigerate (if
refrigerated, the food can be used for a maximum of one
week).
page C-I - after ... 5000 + 10%, insert lumens.
page C-3 - point #4 - delete the word include and replace
it with add. After ...each micronutrient stock (3.1.2),
add to about 900 mL deionized, distilled water.
page C-5 - point #4 - delete and vitamins.
page D-I - The formula given should be:

(No. of cells counted) x dilution x 104
No. of squares counted = No. of cells/ml

page D-I - last line - change 3 to 4 to 10 to 12.
page D-2 - last line - method 2, change 3-4 to 10-12.

* .. . *,- - *
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INTERIM PROCEDURES FOR CONDUCTING THE DAPHNIA MAGNA TOXICITY ASSAY ta

Prepared for the Office of Solid Waste

ENVIRONMENTAL RESEARCH LABORATORY
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ABSIVRACT

This protocol describes static acute and static-renewal chronic tests

which are designed to provide information on the acute (dead or immobile) ad

chronic (survival and reproduction) toxicity of solid waste leachates to

Daphnia magna.

Acute test results are reported as a 48-hr EC50 with 95% confidence

intervals. Chronic test results are reported as 21 day LC50 with 95%
9..

confidence limits, and the lowest concentration at which there was a

significant (95% confidence interval) effect on reproduction (time to first

* brood, number of broods per female and number of young per reproductive day

per female, for fPmales surviving 21 days) of the Daphnia, and the iighest

concentratLon at wich there was no significant effect.

-. 4
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DEF IN IT 1ONS

Acute toxicity: a relatively short-term lethal or other (e.g., immobiliza-

tion, equilibrium loss) effect, usually defined as occurring within 48

hours for Daphnia.

Chronic toxicity: full life-cycle effects (21 days for Daphnia), such as

changes in growth, reproduction, mutations, or death.

LC50: a statistically estimated toxicant concentration killing 50% of

exposed organisms at a specific time of observation, for example, 48-hr,

7-day, 14-day or 21-day LC50 for Daphnia.

ECS0: toxicant concentration affecting a specific response (i.e., death or

immobilization) ot 50% of exposed organisms at a specific time of

observation; ror xample, 48-hr EC50 immobilization.

Immobilization: no vistble movement of appendages when gently prodded.

Static bioassav: test in which solutions and test organisms are placed in

to t chambers and kept there for the duration of the test (24 or 48

hours for Daphnia).

Renewal bioassay: a test with periodic exposure (Monday, Wednesday and

Friday or a similar schedule) of test organisms to fresh test solutions

of the same composition. This is accomplished by transferring test

organisms into new test chambers containing the appropriate test

solutions and food.

trimmed Spearman-Karber Method: calculation method for median lethal or

med ian effect concentrations and 95% confidence intrvals for toxicitv

-l-t o " 1 ::t .'Tn:,1ri .' i n: [-,,1t, 'nr means . liainst tho ,,ntr)l

q ' |: [ )t ,I l 3 i ; . ir i iii(, ' '
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Brood: young produced at one time from an adult Daphnia.

- Time to first brood: the number of days elapsed before a given <24-hr-old

female has her first brood of young.

Number of young: the total number of young in the test period for females

alive at the end of a chronic test.

Number of young/reproductive day: the number of young from the first brood

day to day 21 (for females alive at the end of the test period) divided

by the number of days.

Number of broods: the total number of broods in the test period per female

alive at the end of a chronic test.

Length: the total length (imm) of females (from the top of the head to base

of the spine) alive at the end of a chronic test.

Viii
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Adult daphaids in cultures used for providing young for testing must be

healthy and free of ephippia. Culture mortality of adult organisms must not

exceed 10% during the fourteen days prior to testing. Culturing and testing

are conducted at a constant temperature of 20 + 2* C with a 16 hour

photoperiod. Daphnids are cultured and tested in hard reconstituted water

(Amnerican Public Health Association et al., 1980) and fed trout food and

Selenastrum capricornutum.

A 48-hir screening test may be used as a range-finder prior to an acute

test for samples in limited quantity or if nothing is kno-wn about the

toxicity. The screening test is conducted with a control, 1, 10, and 100

percent leachate with 3 <24-hr-old Daphnia magna in 8J ml at solution in each

100-ml beaker. A 48-hr static acute test is started with <24-hr-old Daphnia.

The daphnids in 489-hr tests are tested with 5 organisms per 80 ml of solution

in a lOfl-ml beaker. Five or more concentrations and a control (plus an

acetate or solvent control, if needed) are tested in quadruplicate. The

daphnids are tested unfed. [mmobilization or death is recorded at test

termination, and a 48-hir I.C50 concentration is calculated. The beakers inl

both tests are covered with glass to minimize evaporation.

TMe 21-day chronic test Is conducted using, 10 100-mI beakers per

experimentail condition started with one <24-hr-old Dapohnia imagna per 80 ml of

solution. Wat- leachate test concent rat ions are seLected based oil acute

I)vii ties. TMc - io itionf i s changed and end pointrs aire recorded t bree t ines ~.

we-.' 1 ., - .To .uw-r.ittire is nonitOred colit tn'loiis 1'.. ~icsolved (I'VV~'PV

p; 1, ia r, ws; i ciA iI i I i, >i i r - mea ir.2d in itll, I m d ii u- or 3 -da'.-ot .- d

s.i ri e, ,-'1e ii w H I oi is ro:ie wed. T'.e dililnids iro red Mk/ of Lrniit
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* food plus 10 cells/i (1O5 cells/mI) of Selenastrum capricornutum three

times weekly (H,W,F). Four endpoints must be determined for each test:

(1) time to first brood; "

(2) number of broods per female, for females alive at the end of the

test period;

(3) number of young/ reproductive day for females alive at the end of the

test period; and

(4) survival.

An optional endpoint is the length of adult Daphnia alive at the end of

the experiment.

2
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CULT, rRI AND TESTIN.G :A7'mtODS

Daphnia magna are recommended because of their sensitivity to toxic

substances, large size, ease of identification, availability from labora-

tories and commercial services, ease of handling, 
and extensive use in

toxicity testing. Daphnids must come from an established laboratory culture.

Daphnia tested in any toxicant must not be retained for culturing or testing

with other toxicants.

General Culture Procedure For Brood Stocks

Daphnia magna may be cultured in 2000-ml glass containers, each having

20 daphnids per 1600 ml of hard reconstituted (hardness 160-180 mg/I CaCO3 )

water (American Public Health Association et al., 1980; also see Appendices A

and F-1). The culture must be uatntained at 20 + 2* in a constant tempera-

ture bath or room with a 16 hour photoperiod. The Daphnia must be transferred

to fresh water weekly (minimum) and fed 5 mg/l of trout food (Appendices B, D

and F-4) plus 10 cells/I (105 cells/ml) of Selenastrum capricornutum

(Appendices C, D and F-2) each !i,W,F (this number of cells will make about 1.8

rmg dry weight of Selenastrum). At the time of transfer only the adults are

transferred and the young are disposed of. The young from the 2nd to 6th

broods of adults are used to start new cultures each week. When the adults

are 4 weeks old they are disposed of. The cultures should be spaced one week

apart in age for providing aniLmals for acclimation culture. !Iaintaining

ciltures by this method minimizes overcrowding, male production, ephippia

fornation, and po u IdAtton "crashises. It aliso heps to tontroI bacteria and

.se -- ml i'lsih' di e.ime ,,r ,fite -. or tr.insv terrillg adults, nd -

L n ide dianot,r piperL't t or !r ansr,rrfn: 'o, ,. %are must be itken not to

2.
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bump or bruise the daphnids while transferring; they must be introduced into

new media below the surface of the water to avoid trapping air under their

carapaces.

Acclimation Culture Procedures

Organisms - Adult daphnids (brood stock) about to have their second to sixth

broods are cultured under conditions similar to those for chronic tests. The

brood stock must be healthy as indicated from: survival; absence of

floaters; absence of ephippia; large size of adults; dark colored animals;

absence of external parasites; and presence of large numbers of young. Young

daphnids produced from these adults are then transferred into new media ard

reared for at least two weeks. These animals must be healthy as indicated by

the criteria given above. Young from these daphnids are then used for both

acute and chronic tests.

Food and Feeding -.Animals must be fed 5 mg/l of trout food and 108

cells/i Selenastrum capricornutum three times each week when the media is

changed.

Methods - Young daphnids <24 hrs old, from the parental generation set aside

for acclimation, must be placed in culture chambers and subjected to test

conditions for at least 14 days. Culture vessels for acclimation must

provide 80 ml of water per animal and must be covered with glass to minimize

evaporation. Daphnids must be transferred under the water surface with a

>8 mm inside diameter fire polished pipette into clean containers every M,W,F

when the medium is changed. Survival of the test animals must be noted each

time the medium is changed. Mortality must not exceed 10 percent if the

animals are to be used for producing young to start an experiment.

Reproduction must be noted by counting the number of young when the media is

4
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changed. Young tisod tor starting experimont mdnst cor, from the se1cond to the %I

sixth broods.

Containers - One to three liter glass containers containing sufficient water

to provide 80 ml to each daphnid.

Replication - Sufficient replicates to assure that a sufficient number of

young daphnids are available to begin a test.

Aeration - Must not be used.

Cleaning - All glassware must be scrubbed with a 1% solution of Liquinox or

another non-phosphate detergent, rinsed with tap water until sudsing has
-

ceased, then rinsed three more times with tap water. Then rinse three times

with distilled water, rinse once with 10% HNO 3 , rinse once with acetone,

and rinse six times with distilled water.

Light and PhotoDeriod - Fluorescent light bulbs must provide a color

rendering index >90 with a 16-hr photoperiod automatically controlled. A

light intensity of 30 to 100 foot candles must b.- used.

Temperature - An instantaneous temperature of 20 + 2*C must not be exceeded;

the daily mpan temperatures must be 20 + 1*C. Temperature should be

monitored continuously or measured with a maximum-minimum thermometer.

Water Quality Mesurements - Hardness, alkalinity, pH and dissolved oxygen

measurements must be made when solutions are prepared and again after the

transfer of daphnids (on 2-3 day-old solutions) enough times to characterize

the medium.
- .-

- pH - The pH mnst be between 6.8 and 1.5 ."

ACuto Tests

" Ij" t f :,_" P roco I zroS

Al I.I ,I .il '4t ' roc )r iI i .:i i ,, h , ,rl pr,-'/ j l,,, i n Appendix F- .
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Organisms - Young daphnids used for testing must come from the second to

sixth broods of laboratory reared animals from healthy cultures.

Food and Feeding - Do not feed for acute tests.

Methods - Place young Daphnia <24-hr-old in test chambers and subject to test

conditions for 48 hours. Daphnia must be transferred with a firepolished

pipette ( 5 mm inside diameter) into beakers which then must be covered with
°~

*" a pane of glass or a watch glass to minimize evaporation.

Containers - Use 100-ml borosilicate glass beakers containing 80 ml of test

sol'ition.

Leachates - Leachates (toxicants) must be stored at 4*C in the dark, but

allowed to gradually come to 20 + 1°C before adding daphnids. Leachate

dilutions are made in volumetric flasks and then poured into the test

beakers.

Dilution Water - Dilution water must be the same as the culture water.

Controls - Controls must be set up and treated identically with regard to

experimental conditions is test containers, except that no leachate is added.

No more than 10% mortality may occur in 48 hours among control daphnids for

the test to be valid.

Acetate Controls - Acetate controls must be run in addition to water controls

whenever acetate is used in generating the solid waste leachate to be tested.

The acetate concentration in the control and all concentrations tested must

be the same as that in the highest concentration. No more than IOZ mortality

may occur in 48 hours among acetate-control daphnids for the test to be

valid. (If solvents ire used the sane procedure is applicable.)

Test Concentrat ions - At least five toxicant concentrations with a dilution

factor of 0.3 (e.;., iiV, , <2, etc.) or greater (0.75, e., 10', 75., 56'.

etc.) must be used for 4A-'ir tsts. The 'Il!hst con(entration to test may be

?,.".'G ".". ". ,.". :: : ,. ,:. -:,- ,,.. • <- ., •-, - -.,,.. ." " " i'." • •": :i ? " " - ," '-"-' ., " '".",' ," " ',-" >% - - .



d, r r~ln ted by, a 48- 'ir s4:rev ti i; t e u-i i g o rd er o f ma..;n itue 1t iccll L e8

dilutions (i.e. , 100,.~, 10." and I ),with five daphids in 80 til of solut ion

for each concentratiton and control. "Me screening test solutions do not need

to be duplicated but will aid in determining 48-hr acute test concentrations.

For example, if all animals die at 1001' of the leachate and no animials die at

* 10%, then the following concentrations should be tested for 48-hr acute

*tests: 100%, 50%, 25%, 12.51', and 6.25-Y..

* Randomization - Daphnids are assigned completely at randonm from the culture

stock to the test beakers. A two-stage transfer procedure is needed.

* Daphnids fron the culture stock are randomly transferred into beakers

containing dilution water which corresponds to each test group. The order of

-is-gmn isdtrindfa a table of random numbhers or another neothod of

*random allocat ion. A second transfer Is then made into beaker-, contaiiing.

*the appropriate- experimental :.nd it ions. Beakers are then randuinly pLiced in

* ~a watur b;ath, )r a contro)lled tep?.tr~ incubator or room.

* Reollcation - Four containers, eachi containing five dalohnids (a total. of 20

animals), are required for each expeririental condition.

* Aeration -'lust not be used.

CIlea ninit All glassware outbi thoroughily washed with a laboratory

deto2rgent and rinsed with the! tan water. Since most lechAL1teS are unknown

;nixtIros ,a i'Y1 nitric ac i.d ril'se toll )wed by dist illed water and ail acetone

rinse followed by -it least three dis;tillled water rinses are required. Test

on t tie r and f Iast~s oinst hav in iddi onia rinse wi th the di lut ion water

to 1)v ised for testing jii:;t t,.,ioro i1 test- -is started.

rV1nd.r;11i; j lx I. it; .! -- ii m ut'r:u .tri t lit A _onlLr,)LtL.
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Temperature - An instantaneous temperature of 20 + 2.C must not be exceeded;

the daily mean temperature must be 20 + I*C. Temperature must be monitored

continuously.

Water Quality 1leasurements - Hardness, alkalinity, pit, and dissolved oxygen

measurements must be made when solutions are prepared and at the end of the

test. These measurements must be made on controls and the highest

concentration tested; if there is a difference between these, then

measurements must be made on all intermediate concentrations. Control

concentrations when the test is started for hardness, alkalinity, and pH for

hard reconstituted water should be: 170 + 10 mg/l CaC0 3 ; 115 - 5 mg/l

CaCO 3 ; and 7.6-8.5, respectively (American Public Health Association et

al., 1980); dissolved oxygen must be from 90-100% saturated.

pt - The p!i must be from 7.6 to 8.5. If the pH1 of the leachate is initially

between 6.3 and 8.5, no adjustments are required. If not, the pit of the

leachate must be adjusted by using sodium hydroxide to raise the pi1 to 6.8 or

by using hydrochloric acid to lower the pit to 8.5. The pit of the leachate

must be measured and adjusted just prior to beginning the acute test.

Leachate 'teasurements - Test solutions of leachates should be measured either

directly or indirectly. If leachates have had preliminary cheraical analyses,

one of the dominant constituents (e.g., ammonia) may be measured to check

dilutions; if not, either conductivity or total organic carbon may be used.

Test Apparatus - Test equipment should consist primarily of high grade

borosilicate glass, and/or stainless steel. Fluorocarbons and high density

polyethvlene equipnent is acceptable. Rubber and plasticized materials must ,

be avoided.

Id
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General Acute Test Procedure ..

1. Transfer parent generation to new culture beakers containing food 24

hours prior to the start of the test to ensure that only <24-hr-old

daphnids will be available for testing.

2. Prepare leachate by adjusting the temperature to 20 + 2"C and adjusting

the pH to 6.8 to 8.5 if needed.

3. Label all test beakers.

4. Prepare test solutions by making the appropriate dilutions.

5. Fill test beakers with appropriate test solutions. The test commences

when the first animal is added, and so this time must be recorded.

6. Randomly add <24-hr-old daphnids into each beaker until each beaker

contains 5 Daphnia. This should be accomplished in less than one hour.

7. Randomize control and test concentrations into rows, randomize beakers

within each row and cover with glass.

8. At the end of 24 and 48 hours count and record the number of dead and

immobilized Daphnia per beaker.

9. Measure dissolved oxygen, pH, hardness, and alkalinity of the control and

the highest concentration, and of intermediate concentrations if the

highest concentration is different from the control, at the beginning and

at the end of the test.

10. Measure test concentrations of leachates either directly or indirectly at

the beginning and at the end of the test.

11. Calculate the !8-hr EC5O and its 95% confidence limits unless 100% of the

leachate ii noitoic.
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Statistical Evaluations

An acceptable test will have at least two test concentrations with ..- P

response rates bracketing 50 percent, one of these tests must have a partial

kill. Otherwise the test must be repeated, unless there is less than 50

percent response in the 100 percent leachate. If the lowest test --

concentration results in excess of 50 percent response, the test must be

repeated.

An EC50 estimate must be calculated unless there is less than a 50

percent response in 100 percent leachate.

The analysis of the data must include the following components:

(a) A preliminary scatterplot of the response rates observed in each test or

control beaker versus group number, concentration, or logarithm of

concentration to look for patterns of response and outlying beakers.

(b) EC50 estimates based on the responses in the treatment groups, unless ,.-

they cannot be calculated for the reasons stated previously. EC5O

estimates should be accompanied by estimates of their standard errors

and 95 percent confidence intervals. In the event that the confidence

intervals are very wide (e.g., if the concentration effect curve is very

shallow) the highest concentration for the chronic test should be chosen

below the ECSO.

(c) The results of outlier tests to detect outlying beakers within a

treatment or control group. The details of the suggested outlier test ."

are shown in Appendix H-13.

(d) If the results from one or more beakers are determined to be outliers,

rhpn EC50 estimates, standard errors, and confidence intervals will be "•-

o ,a'alcul.irtdd both incl 'dig nd excluding these vn- lips.

10
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Phe experimental records corresponding to suspected autlier-i will be

examined. If these records are found to contain clerical or experimental

errors leading to erroneous values, the erroneous values will be corrected or

discarded and the analysis will proceed. If the outlying values are not

obviously the result of any such errors, an outlier detection test (Miller,

1966, Barnett and Lewis, 1978) will be carried out. If the outlier test D7

declares the value to be an outlier, then subsequent analyses will be carried

out both with and without the response and both sets of estimates will be

presented. If the outlier test does not declare the value to be an outlier, I

then all subsequent analyses will include the suspect value.

Acceptable methods of estimating the ECSO include the two parameter

probit or logit methods (Finney, 1978) and the trimmed Spearman-Karber method

(trimming proportion must be reported, Hamilton et al., 1977). The method of

estimation used must be specified, along with any assumptions or

discretionary adjustments that are used.. Any other method of estimation must

be justified, by citing generally acceptable references in which the

estimation method is described and recommended.

Any computer program may be used to calculate the estimates, however the

program must yield EC5O estimates within acceptable ranges for all of the

benchmark data sets given in Appendix H-14. The computer programs used must

be specified in the experimental documentation.

In addition to the above required analyses and displays, the

investigator may, at his discretion, provide indications of the steepness of

the concentration effect curve by presenting estimates of lower effect

Icyee, ~ u,. ; i, the EC 10 EC20 etc. The ratio othe FC50 to the EC20 night

b c',e:nnire,1 t ) t or retronce toxicants.

Th, : i:,-: _n, :in z .ition )t thl la i *nalv"t shil A r,,smble that If

1in l x If- 15.
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Chronic Static-Renewal Tests 12

Specific Procedures

All data will be recorded using the form in Appendix F-6.

Organisms - Test animals must come from a healthy culture and must be reared

under controlled culture conditions for a minimum of 14 days prior to the

start of a test. Parental organisms about to have their second to sixth

broods must be transferred into new media <24-hr prior to starting a test. p

Food and Feeding - Fish food (5 mg/i) plus Selenastrum capricornutum (108

cells/I) are required. Food must be added with the toxicant in the flask

initially and when test solutions are renewed (three times each week).

Methods - Young daphnids <24-hrs-old must be placed in test chambers and

subjected to test conditions for 21 days. Ten 100 ml beakers are used for ."-

each experimental group for each test. One daphnid is placed in each beaker

containing 80 ml of test solution. The beakers must be distributed randomly.

The beakers must be covered with a glass cover to minimize evaporation and

keep out debris. Daphnids must be transferred under the water surface with a

fire polished pipette (-8 mm inside diameter) into clean containers every

M,W,F when the medium is changed. Survival of the test organisms must be

noted each time the medium is changed. Reproduction must be noted by

counting the number of live and dead young; the young must be counted and -"

discarded each time the adults are transferred and at the end of each

experiment.

Containers - 100-ml borosilicate glass beakers containing 80 ml of control or

test solution.

Leachatp. - Leachate (toxicants) must be stored at !°C in the dark, but

allowed to come to 20 + IC before ad-ling, aphnids. Leachate dilution and

food mixing ire ,best 3ccomplished in voslumetric flasks; the 3oL'itions can

12

S..

. . . . * . * .S * * * * . S * - . . . . *. - . . . . * . .'; . .,

! I:* . .. *5 I



- . b -_ -- . . -

hen b pO rd 1' , cnt iy.rs . TI soItlt n 1 , I., rnt e d th r 'ee

t i-e each week: t hi is Is best ac :ompl ished bv set t ing up clea beakers with

food and tox icant idded , an-I then trans ferr inig adu It daphn i ds . Daphnids must

be added within one hour after the solutions have been prepared.

Dilution Water - Dilution water must be the same as for culturing (e.g., hard

reconstituted water).

Controls - Controls must be set up and treated identically with regard to

experimental conditions as test containers, except that no leachate is added.

Control animals must produce a minimum average of 40 young in 21 days for the

experiment to be valid. Adult survival in the control water must be 80% or

more after 3 weeks for the test to be valid.

Acetate Controls - Acetate controls must be run in addition to water controls

whenever acetate, is used in generating the solid waste leachate. The acetate

concentration ,n the control and .all concentrations tested must be the same

as that in the highst leachate concentration. No more than 20% ,mortalitv

may occur in 21 days among acetate-control daphnids for the test to be valid.

(If solvents are used the same procedure is applicable.)

Concentrations - The number of concentrations to be tested should be at least

5 and be made up in a geometric progression with a dilution factor of 0.5

(e.g., 100., 5O%, 25"Z, etc.) or -greater (100., 75%, 56.25,., etc . Initial

concentrations t.std should ho designed to bracket previous results (i.e., 64

above and below), or be based oi rosiilts from acute tests with the highest

t st conceitratton equal to th, AM-hir E<50.

!~tIaoi.:attion - Daphnids ar, as igned completely ;it random from the cuLture-

St ,ck t, r ,. t sr : k r . A , ',--t 14 transfer pr,) -. dr, i n,,d, .'-.-'j.
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assignment is determined from a t3ble of random numbers or another method of

random allocation. A second transfer is then made into beakers containing

the appropriate experimental conditions. The control and test concentrations

are then randomized into rows and the beakers are randomized in each row.

Replication - Ten containers, each containing one daphnid (a total of 10

animals), is required for each experimental condition.

Aeration - Must not be used.

Cleaning - All glassware must be cleaned as follows: scrub with a 1% solution

of Liquinox-non-phosphate detergent, rinse with tap water until sudsing has

ceased, then rinse three more times with tap water. Rinse three times with

distilled water, rinse once with 10% HNO 3 , rinse once with acetone, and

rinse six times with distilled water.

Light and Photoperiod - Fluorescent light bulbs must provide a color

rendering index >90 with a 16-hour photoperiod automatically controlled. A

light intensity of 30 to 100 foot candles must be used.

Temperature - An instantaneous temperature of 20 + 2%G must not be exceeded;

the daily mean temperature must be 20 + 1°C. Temperature must be monitored

cont inouous ly.

Water Quality Measurements - Hardness, alkalinity, pH, and dissolved oxygen

measurements must be made when solutions are prepared and again after

transfer of daphnids on 2- to 3-day-old solutions. These measurements must

be made on controls and the highest concentration tested; if there is a

difference between these, then measurements must be made on intermediate

concentrations. In addition to the above measurements, the dissolved oxygen

must be measured the morning itter solutions have been added before the

lights -,ome on; this should be accomplished by setting up an additional

- - •-
°I.-
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control with food but no daphn id (i e. set tip add it ional controls once or

twi ce dur ing the exper iment to be ied for checking dJissolved oxygen)

p- The pli of the leachato to be used in testin will be adjusted by us ingw

sodium hydroxide to raise the pff to 6.8 or by using hydrochloric acid to

lower the pH to 8.5. If the pit of the leachate is initially between 6.8 and

8.5, no adjustments are required. The pH of the leachate must be measured

and adjusted prior to the beginning and just befor each renewal for chronic

tests .

Leachate Measurements -Test solutions of leachates should be measured either

directly or indirectly. If leachates have had preliminary chemical analyses,

one of the dominant constituent3 (e.g., axmnonia) may be measured to check

dilutions; if not, either conductivity or total organic carbon may be used

(see Appendix F-7).

Test Apparitus - Test equipment should consist primiarily of high grade

borosilicate glass and/or stainless steel.' Fluorocarbons and high density

polyethylene equipment are acceptable. Rubber and plasticized materials must

be avoided.

General Chronic Test Procedures

Transfer parent generation to new culture beakers containing food 24

hours prior to the start of a test to ensure that only <214-hr-old vouingb

will he available for testing.

2. Prepare dilutions in voLurmetric flasks and add dilution water nearly up

to the desired volume.

i. dd tr-)!t 17ood plus3 _e'i~ i o 1*, * i'~j i; s :-q~ Iup t,) t;e

iproprivu.o vlue ] z;ualiIi:p wuu~r vttmi witor, ind nix

7-



127

4. Carefully label all beakers.

5. Fill test beakers with 30 ml of the appropriate test solutions (diluted

leachate plus food).

6. Randomly add <24-hr-old daphnids into each beaker until all beakers

contain one Daphnia noting the time when the first daphnid is added.

7. Randomize control and test concentration beakers into rows, randomize

beakers within each row, cover with glass, and record the time.

8. Every M,W,F: Count number of adult mortalities

Mix fresh test solutions containing food for each

experimental condition.

Pour test solutions into clean beakers and transfer

daphnids.

Count number of broods per female

Count number of young per female

Discard dead adults and all youn.4

- . '.e,.: ur, !i s o-3o vee .x'q;on n i .e.. y . . et-up '. . d id inZ newf

tions and hardness and aikaiijit-," wnen experihent i set 'ip *mdu on

)r 3--;a!-old samples for the controls and higrest concentration tested

ind interaediate concentrations 2f the hionest concentratl.n and control

.if f,,r 3ubstantlali:. -' eaurr. ;ui equent Set-uns nouqii t' :haracter :.-, .',

10. Check for time to first brood by o)bserving d3Dhnids daily from the

seventh day until all daphnids have released broods. Record the day

young are born. If length is to be used as an endpoint, measure Daphnia X

total Length from the top ,t the head to the base of the spine) at the

t. .

,-rid ,dI tih- ,,c~er iier 3 1 .jays . "-

."1'

- :::I
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11. Record and evaluate adult mortality, young per female per r,,productive

day, and time to first brood and the number of broods for animals living

21 days, using appropriate statistical procedures. An optional

measurement includes Daphnia length at the end of the experiment.

Statistical Evaluations

Statistical analysis of the chronic test results will be carried out for

the mortality and reproduction responses. Statistical analyses of lengths

may be presented, at the discretion of the investigator. Analyses of

reproduction and length responses will be carried out only on those daphnids

that survive to the end of the test. ".,

For analysis of mortality results, a distinction will be made between

toxicant-related and accidental mortality. The causes, if known, of all ....J
-...-

accidental related deaths will be documented. Accidental related deaths per 'A-

treatment level must not be >20% of the daphnids tested. Final (21 day)

mortality results will be adjusted for accidental related mortality by
-•-a

disregarding those deaths (e.g., those daphnids are excluded from both

numerator and denominator when calculating the toxicant related mortality

rates in each group).

Results of the statistical analyses on the mortality, reproduction and

length responses will be presented in terms of a no-effect concentration

(NOEC) and a statistically significant effect concentration. The no-effect

concentration is the highest test concentration at and below which the

average response does not differ significantly from the control group

response. The itatistically iignificant :oncentration is the next highest

o cnnt r ion

NS.
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Estimates of the LC5O and/or LC10 for toxicant-related mortality, along_

* with associated standard errors and confidence intervals, will also be

presented.

Survival - Preliminary scatterplots will be prepared of the toxicant-related

mortality rates versus group number, concentration, or the logarithm of

concentration.

The proportion of toxicant-related deaths within each group will be

calculated by dividing the number of toxicant related deaths at 21 days by

Agroup size minus the number of accidental deaths. Each such proportion, p,

will be transformed by the arcsine variance stabilizing transformation to

(arcsin Vr/n+l - arcsin V(r l)/(n+l))for small sample sizes. The

transformed proportions will be tested for equality by a one way analysis of

variance. See Appendix H-25 for details. Multiple comparisons between each

treatment group and the solvent or acetate control group will be carried out

by Dunnett's many-one t procedure or the Bonferroni t procedure (Miller,

1966) to determine which treatment groups have significantly different

mortality rates (at the 5 percent level) than the control group. Williams

method (Williams, 1971, 1972) may be used if the mortality rates are believed

to vary monotonically with increasing concentration.

The LC50 or LCIO concentrations and associated standard errors and

confidence intervals may be estimated by any of the methods discussed for the

acute test. The trimmed Spearman-Karber method and the moving average

methods are appropriate only for estimation of the LC50. Control mortality

in the solvent or acetate control group will be adjusted for bv Abbott's

correction (Finnev, [971).

Renroduction and Length - rhe :;tatistical analyses of reproduction and length

will he iimilar to one another. -nalyses will be contined to "1-Jay

to. .-



survivors. Reproduction will be reported as total numaber of offspring per

femal, and the total numbers of offspring per reproductive day. Lengths will

refer to 21-day lengths.

Preliminary scatterplots of individual responses versus group number,

concentration, or the logarithm of concentration will be prepared. Group

average responses will be included in these displays. These plots will be P_

examined to determine the nature of the relation between concentration and

average response, the relation between average response and standard

deviation, and the presence of outliers.

The experimental records corresponding to suspected outliers will be

examined. If these records are found to contain clerical or experimental

errors leading to erroneous values, the erroneous values will be corrected or

discarded and the analysis will proceed. If the outlying values are not

obviously the result of any such errors, an outlier detection test (Miller,

1966, Barnett and Lewis, 1978) will be carried out. If the outlier test

declares the value to be an outlier, then subsequent analyses will be carried

out both with and without the response and both sets of estimates will be

presented. If the outlier test does not declare the value to be an outlier,

then all subsequent analyses will include the suspect value.

If the variability appears to vary from group to group in the

preliminary scatterplots, tests of homogeneity of variance will be carried

out. Formal tests of homogeneity of variance such as Bartlett's test or

Hartlev's test (Neter and Wasserman, 1974, pp. 509-515) or Levene's test

(Brown and Forsythe, 1974) may. be used. Alternatively the natural logarithm

,or the itandird deviation in each groto -lay be plotted Wainst the group mean

all '"e :f, lope, * of in appr.,nriate 1i ear relation iot d. An approximate

. .. .. .
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variance stabilizing transformation is Xl-. Some special commonly

occurring cases are:

9 0 (constant standard deviation) no transformation

- 1/2 (variance proportional to mean) square root transformation

p I (standard deviation proportional logarithmic transformation

to mean)

The presence of heterogeneity of variability and the nature of the relation

between variability and average level will be reported as part of the

experimental documentation.

The original or transformed average values within each group will be

tested for equality by a parametric or nonparametric one way analysis of

variance.

Parametric or nonparametric multiple comparisons between each treatment

group and the solvent or acetate control group will be carried out by

Dunnett's many-one t procedure or the Bonferroni t procedure (Miller, 1966)

or the Kruskal-Wallis rank sum based procedure (Hollander and Wolfe, 1973, p.

124) to determine which treatment groups have significantly different

response rates (at the 5 percent level) than the control group. Williams

*" method (Williams, 1971, 1972) may be used if the response rates are believed

.* to vary monotonically with increasing concentration. For most leachates, the

response is unknown therefore the Williams method should not be used.

Confidence Intervals and After the Fact Power Calculations

The determination of NOEC'A and statistically significant concentrations

:loes not impart inrormation about the sensitivity of the inferences. Namely

an insensitive test night ,ot reveal itatisticaslv iigniticant ,ilfferences tn

Si:

... ... "" i:: ' -'1)
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group average r. s pon.,-s , ven w'iein the if fe r,,nces are highl y b io logical lv

s ivn i f icant . _

After the fact power calculations will be carried out to determine how

large a treatment group response must be before it has high probability of

being declared statistically significantly different from the control group

response. Power calculations for length and productivity responses will be

based on the noncentral t distribution, adjusting for multiple comparisons by

Bonferroni's method. See Appendix H-28 for details. Power calculations for

mortality responses will be based on the power of Fisher's exact test -

(Bennett and Hsu, 1960, Haseman, 1978).

Confidence intervals (95 percent) on the differences between the average

responses in the solvent or acetate control group and those at the NOEC or

statistically significant concentration will be prepared. Confidence

intervals for the reproduction and length responses will be based on the

t-distribution, accounting for multiple comparisons and for possibly

heterogeneous variances. See Appendix H-39 for details. Confidence

intervals for mortality responses will be based on the Poisson approach

(Feder, 1981, p. 354ff, Nelson, 1970), accounting for multiple comparisons.

See Appendix H-30 for detail".

, I.
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OBTAINING AND RECORDING DATA

Acute

After 24 hours and at the completion of the acute teat the number of

dead and immobile daphnids in each beaker must be counted for determining an

ECSO. If calculating an optional LC5O, the daphnids that are immobile must

be carefully pipetted with a glass-pipette (-8 mm inside diameter) into a"V

petri dish or watch glass. Using a 30X dissecting microscope, observe each

daphnid individually for heartbeat or movement of the appendages. Absence of

movement or heartbeat will constitute a dead daphnid and provide data for the

determination of an LC50.

Chronic

The number of dead adult Daphnia are counted by observation only (no

microscopic examination required).

The number of young are most easily counted by removing them with a

pipette from the test beaker after the adult has been transferred, and then

counting them. An automatic counter is not recommended as this will count

food particles, etc., which may be of a similar size.

The time to first brood is determined by observing daphnids every day

after the seventh day until all animals have their first brood. The number

of young per female per reproductive day is determined by adding the total

number of young from females alive at the end of the test and dividing by the

number of reproductive days (e.g., 21 days minus the number of days to

release of the first brood). Females that die during the test are not used .-

for determining reproductive effects.

The number of broods per female is the total number produced during the

test. If length measurements are to be used adult daphnids alive at the end

22

',.t-
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Of t he t,"I t are rnea 3i'red 'JIs L112 a 30x com~po und m icr )i Jjxpc with a Cal ibrro .d

micrometer eyepiece insert.

The following endpoint3 must be reported: 21 diay LC5O, time to first

brood, number of broods, and the number of young per female per reproductive e

* day for females surviving 21 days. Any one of these mesurements may be the 1

most sensitive; the lowest concentration for the one that is the most P

sensitive (95% confidence level) must be reported; this will constitute the

* toxic concentration. The next lower concentration will constitute the

no-significant-effect (or no observed effect) concentration at the 95%

* confidence level.
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DATA REPORTING P
(adapted from Peltier 1978)

'-:.p

A report of the test results must include:

* The name of the test method, investigator and laboratory.I A description of the leachate, including its source, and any

physical and chemical properties known.

• A description about the extraction procedure used for preparing the

leachate.

The chemical characteristics of the dilution water.

* The scientific name and source of the test organism.

* A description of the test procedure.p The methods used for measuring hardness, alkalinity, and dissolved

oxygen.

* Direct or indirect measurements of leachates.

* Methods used for all chemical analyses.

* For acute test results:I A description of the endpoint used and the statistical analyses.

• The percent of organisms that lived for each experimental

solution.

. An EC50 value and the 95 percent confidence limit unless all

organisms lived in 100% of the leachate.

. The methods used for statistical analyses of the data.

For chronic test results:

A description of the endpoints used.

The number if inortatities and e ffects observed in controls.

-4
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*A nonsignificant and a3i5gnif icant effect concentration a~t the 95%

confidence leveL for the number of young per female and the number

I of young per reproductive day unless there was no effect at 100% of

the leachate.

*A 21-day LC50 with 95% confidence limits.

Methods used for statistical analyses.

*Behavioral or other relevant information.

2"
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APPENDIX A

RECON'STITUTED HARD WATER PREPARATION*

Materials needed:

1. 5 gallon carboy

2. deionized distilled water

3. chemicals

*NaHCO3

*CaSO4 -2H2 O

*MgSO4

*KCI

4. weighing pans and spatula Z

5. balance (accurate to 0.001 gram)

6. storage jars for salts (optional)

Methods:

1. Thoroughly rinse the 5 gallon carboy with a 10% solution of nitric

acid. Slowly pour out acid solution into cold running water. Rinse

carboy thoroughly with deionized distilled water at least 5 times.

Accurately mark the 19 liter level in the carboy to facilitate

preparation of water each time.

2. Weigh out stock chemicals one at a time in the following amounts:

3.65 g NaHCO3

2.28 g CaSO4-2H,0

2.28 g MgSO4

.15 g KCl

A-I



Extra stock mixtures can be weighed out in advance for use in the . •

next week if stored in tightly covered jars.

3. Add approximately 15 liters of deionized distilled water to the

carboy. Add the chemicals in the order given, mixing thoroughly

after each addition. Rinse storage jar with deionized distilled

water and add rinse water to solution in carboy. Mix solution ..
thoroughly. Add deionizec' distilled water to a total solution

volume of 19 liters.

4. Using a magnetic stirrer, stir for 24 hours with the carboy lid off,

but covered with a foam plug or glass wool, to assure complete

mixing of chemicals and saturation of dissolved oxygen.

5. Measure hardness, alkalinity, dissolved oxygen, and pH. The

hardness must be from 160-180 mg/I CaCO3 , the alkalinity 110-120

mg/l CaCO 3 , and the pH from 7.6-8.5. This will verify proper

measurement and mixing of salts in preparing the reconstituted

water. If the hardness, alkalinity and pH requirements are not met,

the reconstituted water must be prepared again.

*The 15th edition of Standard Methods (American PuJblic Health Association Pt

-i1., 1980, p. 6~27) ias a tablo for hard reconstituted water.

A-2
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APPENDIX B

DAPHNIA TROUT FOOD PREPARATION

- Add 15 grams of trout food (No. I granules) to 800 ml of reconstituted

hard water and blend for 15 minutes to liquify.

- Pour into a suitable container and add 200 ml of reconstituted hard water.

- Let stand for 15 minutes and then carefully decant the upper 800 ml and

discard the remaining precipitate.

Thoroughly mix the suspension and withdraw three 10-ml aliquots.

- Dry the aliquots at 104*C for 24 hours in preweighed tares.

- Weigh dry samples and subtract tare weight.

Calculate average weight of a dry sample and the standard deviation.

Calculate weight for one ml of dry solids. The final concentration must be

5 mg dry solids per ml of food, so the volume must be adjusted by adding

water. The total volume of water (X) to add equals the number of ml in the

3ample after removal of the aliquots (770 ml) times the mg/ml of dry food

weighed (Y) divided by the mg/ml of dry food desired (5 mg/ml) minus the

number of ml in the sample after the removal of the aliquots.

For example, if the dry food weighed 6.32 mg/ml (Y), the following

equation will give X:

( 770 '(Y)""-

X - 770 where Y = mgiml dry weight

S770)(6.32) -770

X 203 ml of water to add to 770 ml to give a concentration of 5

mg'ml of dry food.

- Freeze trout food in aliquot' sufficient tor feeding test animals and

ci Itir- f,r -ach lav .- de . Pe do .oen ri0 ' I ot ot too 1 in a ref r i ger-

irr ",o thaw )n-, iiv I ' , l * i r:h t idr [ )- tepi nIn'. Me trout dooo

*: -t cont )rn t. th, .urr-nt ", . isi i:.i i i I i,A o,,rvice Spe it icat ions W E
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which can be obtained through livestock feed stores. The dry fish food L

should be stored in the dark at 4*C for not longer than one year. The

current year's specifications follow.

B-2



Forsulatioa Specifications for Starter Diet, SDO-3'.

(Starter, No. 1, and No. 2 granules)

1. Fish food mixture shall be composed of the following items. The final
product to carry the following guaranteed analysis:

Crude protein, not less than 50%

Fish meal protein, not less than 33%

Crude fat, not less than 17%

Motsture, not more than 10.0% at sack-off

2. Fish meal: stabilized, maximm fat 13Z, maximum moisture 10%, stored 2
at the manufacturer's no longer than 6 months as indicated by the bill
of lading. Meal must be of fair average quality. Different meals may
not be combined for use in the feed. Maximum allowable salt content of Not less
5%. than 50

a. Herring meal (minimum protein 67.5:)

b. Anchovy meal (minium protein 65-)

3. Wheat feed flour: minimum, protein 141, maxium fiber 1.5Z 10.3".*---

4. Soy flour: defAtted, minlaum protein 48.5%, maximu.rm fat 1' (flour 2ust 15
be adequatelytoasted with a protein dispersibility index of less than
or-equ-L- to 20).• e ,

S. Dried blood flour or ring dried blood zeal: mini u protein 80:. 10

6. Trace mineral premix No. I (see Section 5 of specifications). If/toe

7. Vitamin premix No. 30 (see Sections 4 and 7 of specifications). e1/ton

8. Choline chloride, 50Z. 4.51i/ton

9. Ascorbic acid. I.S#/ton

10. Fish oil: stabilized with 0.04Z BHA-BHT (1:1) or 0.01Z ethoxyquin,
less than 3% free fatty acids and not alkaline reprocessed. 12-

Lignin sulphonate pellet binder (e.g. Ameribond, Orzan, or
equivalent). 2

' Fish meal -say be increased lepending ,pon protein content but must
provide not less than 33t risn protein. Quantity of added oil may be
-0d)isted 4o rhat the ft'n,oe,i :,ed inall contain not less than 17. crude %

fat. -'heat flour is ro te r . :.,stetd to compensate for the 10ove
variations. Not less than PT. ,)t the i;dded oil is to be applied to the
granules as a top 1ressi:g, i:.e rest )f the oil to be included in the
feed aix.

.. " .. . . . - .- . .. . -. . .- . . . . . . . . .: - • _ . - . _. _ .. ; .. , . ' ..g , . _ .' , '- _ .' - ' -. _ .' '_ ' i _.B -- -'_?z -
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Specification for Vitamin Premix No. 30

Guaranteed potency per pound
of premix (grams unless 1':

Vitamin othervise listed)

D calcium pantothenate 12.0

Pyridoxine (pyrtdoxine HCI) 3.5

RLboflavin 6.0

Niac inamide 25.0

Folic acid 1.0

Thiamine (thiamine mononitrate) 4.0

Biorin 40.0 u-

Vitamin BI: 2.5 mg

.lenadtone sodium bisulfite complex 1.25

Vita-uin E (d or dl alpha tocopher L acetate) 40,000 t.u.

Vitamin D3, stabilized 50,000 i.u.

Vitamin A (vitamin A palitate or acetate), 750,000 USP
stabilized

Choline chloride, ascorbic acid, and the vitamin premix No. 30 are to be
stored separately and never uixed one with another before being Added to the
feed tixture.

The certified vitamin premix is to be supplied by a recognized manufacturer
and must show the date o preparation. The vitamin premix is not to be
stored for longer than 4 months after date of preparation.

The vitamin premix is to be made with a wheat or soybean by-product base.
Rice hulls or oat feed are not acceptable.

B-3
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* Specification for TrAce 'U-neral Premix No. 1

Cuaranteed Analysis of
Element (g/ib mineral

'I. iaor al six)

Zinc 34.
(ZnSO'.: 84 /lb mineral mix)

M anganese 34
(?nSO4 :9 glb mineral six)

Iron 4.5
(FeS04*7 H120: 22.5 g/lb mineral six)

Copper 0.7
(CuSo4: 1.75 g/lb mineral mix)

*Iodine 0.23
(K10 3: 0.38 glb mineral mix)

An inert carrier can be used to make up the mixture to the pound.--

The mineral mixture is to be added at 1.0 pound per ton SD9 feed and 2.0
pounds per ton for CR3 and CR4 feeds.
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APPENDIX C

CULTURING Selenastrum capricornutum

Algae origin:

American Type Culture Collection The Starr Collection

12301 Parklawn Drive OR Department of Biology

Rockville, MD 20852 University of Texas at Austin

Austin, TX 78712

Algae type:

1. Selenastrum capricornutum ATC 022662

2. Selenastrum capricornutum UTEX1648

Maintenance conditions:

1. Constant temperature from 18 4 P*C to 24 + 1*C

2. Lighting continuous "cool-white" fluorescent light from 4000 . 10%

to 5000 + 10%; photoperiod from 14L:10D to continuous lighting.

3. The cultures must be maintained sterile in a chemostat

(flow-through) system or have continuous aeration, stirred with a

magnetic stirrer or shaken on a suitable shaker.

Glassware Cleaning - All glassware used for any aspect of algal culturing

must be cleaned as follows: scrub with a 1% solution of Liquinox or other

non-phosphate detergent, rinse with tap water until sudsing has ceased, then

rinse three more times with tap water. Rinse three times with distilled

water, rinse once with 10% HNO 3 , rinse once with acetone, and rinse six

times with distilled water. Autoclave all glassware to be used for all

phias.'i ot algae culture

C- I
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Synthetic algal media stock preparationa

1. Macronutrient stocks. Prepare separate stocks (for Woods Hole MBL .I".

medium) of each of the following compounds by dissolving the specified

weight into a total volume of one liter of glass distilled water.

Compound Grams/Liter

CaCI 2 • 2H20 36.76

MgSO4 -7H 20 36.97

NaHCO 3  12.60

K2 HPO 4  8.71

NaNO 3 85.01

Na2SiO 3  9H20 28.42*

*Filter sterilize this stock solution and add I ml to the culture medium

after autoclaving, using sterile technique.

2. Micronutrient stocks. Prepare each stock solution shown below in a final

volume of one liter of glass-distilled water. Mix until dissolved. For

stock No. 3, add chemicals in the order shown.

Stock No. Compound Grams/Liter

1 Na2 EDTA 4.36*

2 FeCl 3 • 6H20 1.575"* ,.,

3 CuSO 4 • 5H20 0.01

CoCI2 • 6H20 0.01

ZnSO 4  71120 0.022

MnC1 2  41120 0.18

Na2MoO 4 • 2H20 0.006

H 3 BO3  1.0

* Stock must be less than three months old.

**Use 2 ml/l of medium.

a The method is based largely on conversations with Dr. Clyde Goulden and

Ms. Linda Henry (Academy of Natural Sciences, Philadelphia) for Selenastrum

,:ulture In *nicronutrient ;upplemented MB1. medivm.

C:- 2
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3. Record stock solution preparation information. All compounds used must

be ACS Reagent grade (or other high purity grade if no ACS standard has r

been established for the compound used). Refrigerate all stocks. Stocks

showing any evidence of precipitation or contamination must not be used.

Precipitation of the sodium silicate may occur with time, but the stock

can still be used.

4. For each liter of culture medium being prepared, include one milliliter

of each macronutrient stock (3.1.1, except sodium silicate) and one

milliliter of each micronutrient stock (3.1.2). Place one liter of

medium in a 2 1 Erlenmeyer flask, add a cleaned 50 mm (2 inch) Teflon

stirring bar, and cap with a foam plug (Gaymar IDENTI-PLUGS are

recommended - Miller et al., 1978) or with a cotton plug wrapped in

cheesecloth. Cover the top with aluminum foil. Autoclave at 1.1

kg/cm 2 (15 psi) and 121"C for 15 minutes. Allow to come to room

temperature. Add I ml Na'SiO 3"9H20 stock using sterile technique.

5. Use similar procedures for preparing 1000 ml of media in a 2000 ml

Erlenmeyer flask.

6. For agar slants and petri plates, prepare medium as above but, in

addition, dissolve 1% (w/v) agar (DIFCO Bacto-Agar or equivalent) prior

to autoclaving. Place agar solution into test tubes for slants; tilt

after removal from autoclave but before the agar has jelled. Pour

autoclaved solution into sterile petri plates using sterile technique.

Obtaining Uncontaminated Algal Cultures. If stock algal cultures become

contaminated or if it is necessary to obtain new uncontaminated algal stocks,

use the procedure described below.

C-3
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1. Using a sterile pipette, transfer one drop of algae in algal modilm to a

sterile petri plate with the appropriate agar medium. Streak and allow

colonies to grow.

2. Select a presumptive clean single cell isolate from the plate and

transfer to a new plate. Streak again. Use the uncontaminated single

cell isolates from this plate to start new agar slants.

Initiating and Growing Algal Cultures

1. Obtain uncontaminated cells from isolates as described above. Prepare

agar slants by transfer from clean agar slants. Sufficient agar slants

should be prepared such that one is available every time a new algal

inoculum must be prepared. Keep slants for three to six months, but

discard after use in one set of transfers.

2. Make a new set of slants (as required) from an available slant, then

inoculate 100 ml of medium with algae from the slant. Allow the algae to

grow in the medium and use the inoculum prior to the stationary phase of

growth. This may be determined by visual examination of the color of the

medium once sufficient experience is gained with culturing. Otherwise, a

sample must be withdrawn with a sterile pipette and counted with a

haemacytometer to ensure that the cells are in log-phase growth. (It is

assumed that baseline data is available on the growth curve of the alga

so that the cell concentration at the beginning of the stationary phase

of growth is known.)

3. Static cultures are prepared by inoculating a vessel of MBL with a batch

culture. Each vessel should be covered with a cotton stopper, and

continuously aerated and stirred with a magnetic stir-bar or placed on a

,ihakr t:abe. If this svs en is used in an on- ,oing fe, ding program now ""

S-.
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vessels must be inoculated on a careful schedule to insure that adequate

supplies of algae are available at all times.

W 4. The semi-continuous culture system is prepared by hooking a 4 or 9 liter
F-

reservoir of the culture medium to a 4 liter aspirator bottle with a

silicone rubber siphon. The aspirator is first inoculated with a batch

culture of algae and culture media is then siphoned from the reservoir

placed above the aspirator bottle. When the culture is ready for har-

vesting, algae may be removed for use and replaced with fresh media

and vitamins as needed. Semi-continuous cultures should not be used

for more than one month. A similar but more complex system for semi-

continuous culturing is described in chapter 15 of Stein's (1973)

Phycoloqical Methods. Air lines should have a cotton filled trap to

absorb oil or toxic liquids.

-
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"* APPENDIX D

. PREPARATION OF ALGAE FOR FEEDING DAPHNIDS r.

Method I

A drop of algae from a well-mixed culture of Selenastrum is used to fill bo

a haemacytometer counting cell. Enough sets (having 16 squares each) are

counted so that between 100 and 200 algae cells are counted. A conversion of

the number of cells counted into the number of cells per milliliter is made

using the tollowing formula:

(No. of cells counted) x (4 x 106) = No. of cells/ml
No. of squares counted

The number of ml needed to get 108 cells is determined by dividing 108

cells by the number of cells per ml in the culture. The volume (ml) thus

determined is measured, placed in centrifuge tubes, and centrifuged at 2,200

RPMs (700 g) for 15 minutes. The algae media is then carefully poured off,

. and ten milliliters of reconstituted water is added to resuspend the algae

(e.g., 10 ml will then contain 108 Selenastrum). Selenastrum in the

reconstituted water is then added to volumetric flasks containing

approximately 950 ml of leachate, fish food, and reconstituted water. The

centrifuge tubes are rinsed twice to assure that all algae are removed, and

the rinse water is then added to the test solution. The test solution is

then made up to one liter and is ready for dispensing into the test

chambers. Algae in centrifuge cells may be stored in the dark at 4°C for 3

to 4 days for subsequent feeding to daphnids.

-.r

D-1
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Method 2

Check cell concentrations to confirm log-phase growth. Centrifuge the

algae at a speed and time sufficient to remove the algae from the water

. column (700 xg for 15 minutes is suggested). Pour off the supernatant,

* leaving as little of the algal medium as possible behind. Resuspend the

algae in a small amount of the same solution used for culturing the daphnids

to be fed. Remove a small portion of the combined algal solutions and dilute Y_

as needed to perform a hemacytometer count. Count at least 100 cells per

field; determine the original cell concentration per milliliter as follows:

Cells/ml (cell count) (10,000) (25/the number of double lined fields

counted) (dilution factor)

Dilute the combined algal solution with the appropriate daphnid culture

medium so that one milliliter, when added to 800 ml of daphnid medium, will

create the appropriate food concentration. Confirm the final cell

concentration with a hemacytometer count. Harvested Selenastrum may be

stored in the refrigerator for 3-4 days after harvest.

Method 3

A particle counter may be used for counting algae cells.

. Note: If the algae appears yellowish, brownish, clumps heavily on the sides of

the culture vessels, or does not appear in the microscope as intact cells

something is wrong with either the algae stocks or your culture technique.

Coimnon problems include errors in media preparation or heavy contamination

with some other organism such as bacteria. If the above problems occur, the -

algae cultures should be replaced. If they persist the media preparations

should be replaced and new slants ordered from the collections mentioned

earlier.

D-2
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APPENDIX( E

EQU IPMENT

Equipment Model - Specifications Manufacturer*

Pipettes (daphnida) 5-usn and 8-urn

Pipettes (algae) 1-ml x 1/100 Polystyrene
plugged sterile disposable

Suction bulbs rubber, 1/2 ounce

Culture beakers 2000-mI glass containers
(daphnida)Oa

Teat beakers 100-mi Pyrex or Kimax
(daphnids)

Erlenmeyer flasks 1000- and 2000-mi l
(algae) Pyrex or Kimax

Foam plugs (algae) nontoxic foam plug Scientific Products
35-45 -m diSPO #T1387

Carboys 5 gallon Sybron/Nalgene
plastic v/spigot

Fluorescent lights "cool-white" for algae Sylvania
(algae and daphnid "Grow-Lux" and "Vita-Life"
maintenance) for daphnids

Light table Model GB 11-17 Instruments for Research

30 watts "Glow Box" and Industry

Light meter Model #200 PhotoVolt Corp.

Dissolved oxygen meter Model 0260 Beckman

Oxygen Analyzer

pH meter 0-14 pH units Beckman

- 1/10 pH "Altex"

Compound microscope Leitz-Wetzler Co.
"OrtholIux"

Dissecting microscope 15 x W.F., Cat. 147 American Optical
"Spencer"

E-1
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APPENDIX( E (continued)

Equipment Model -Specifications Manufacturer*

Micrometer 0.01 or 0.001 inches American Optical
at 4X

* Hemacytometer

*Centrifuge Model Pr-2 1000 x g force International Portable
Refrigerated Centrifuge

* Membrane filter apparatus

Autoclave or pressure cooker

Drying oven Temperature capability Precision Scientific Co.
120* C

Dishwasher LIA-7537 glassware washer Formna Fury

Balance Accurate to 0.0001 gram Mettler

*Or equivalent.

E-2
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APPENDIX F

DATA FORMIS



DATA FOWM 1 -

( ~PREPARATION OF7 RECONSTITUTED HARDWAE

BATCH ~~~~~~~~TOTAL V UE____________

DATE P~lRnEPARED _________DATA BY

SALTS AMIOUNT ADDED TO FINAL VOLUME ____LNOTES

NaHCO 3

I CaS04 -2Hi,O

MgSO 1

KC1

RECONSTITUTED HARD WATER -WATER QUALITY

* PH

CON.DU TANC C

* TOTAL E{ARDNE S

SAMPLE VOL. DILUTE, T": mL TITRANT USED rng/L CaCO

TOTALALKAINIT

SAMPLE VOL. DILUTED TO mL TITRANT USED rnq/L CaCO3



DATA FORM 2. W~OODS HOLE MBL STOCK SOLUTION PREPARATION DT,

ST GNATURE'_ _________

Grams/ No. Liters G~rams m tcCompound Liter Prepared IAdded per L Cul- Comments
_____ ____ _________________ ________ ture medium _ _ _ _ __ _ _ _

CaC1 2 .2H,0 36.761

* MgSO 4-7H 20 36.97 - _- 1 --- 4

* NaHCO 3  12.60 _ __

K 2 HPO 4  8.711

*NaNO 3  85.01 1 1

Na SiO9H 201 2.42 _

Na 2EDTA 4.36

FeCL3 -6H 20 1.575 2

* Combine the remaining compounds into one stock solution:

* CuSO 4-5H 20_ 0.01 1

f o -6H-2  0.01

ZnS0 4.7H 2 0 0 O022~ ___

MnC1 2 -4H 2 0 0.18. ---- "-------

Na 2 MO 4 -2H 2 0 1  0.006-

H3B03 -i 1.0 _ __ _______

aFilter sterilize stock; add after autoclaving.

bMake new stock at least every 3 months.
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DATA FORM 4 Page ______

DAPHNID FOOD PREPARATION - TROUT FOOD SUSPENSION .
(See protocol Appendix B-i for method of preparation)

Date: ________ Prepared By: _______________

Stock A Preparation:

Approx. _ ___g of trout food/ _ ______________(other)

added to _____mL diluent water. Mixed and diluted to _ ______L. .

Stock A Dry Weight Determination:

Gross Dry Weight Tare Weight Net Dry Weight

Rep. A

Rep.B

Rep. C{

x concentration _ ____mg/mL

Stock B Concentration Calculation:

______________mL stock A diluted to _ ____mL = ______mgmIl

Used for feeding test and/or culture daphnids: _ __________(Dates)

v-I 7
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DATA FORM 5. STATIC ACUTE TOXICITY TEST (SIDE B)

TEST MATERIAL

SAMPLE LOT #

PRINCIPAL INVESTIGATOR(S)

TIME ADDED NO. OF DAPHNIDS NO. OF REPLICATES TYPE TEST TEST SYSTEM
TEST PER VESSEL PER TREATMENT LEVEL VESSEL USED
MATERIAL/DAPHNIDS -

OPEN CLOSED

1 AGE OF

TEST CHAMBER TOTAL SOLUTION TEST SOLUTION VOLUME DAPHNID AT
VOLUME VOLUME iORGANISM PER REPLICATE TEST INITIA-

(SPECIES) TEST VESSEL TION (HOURS)

WATER QUALITY OF DILUTION WATER

TOTALDATA TRANSCRIBED SOURCE ALKALINITY

NOTEBOOK

TOTALBATCH #TOA

PAGE NO. HARDNESS

LOCATION pH CONDUCTIVITY

COMMENTS

NO DISCERNIBLE EFFECT LEVEL THROUGH 48 HOURS

OBSERVATION KEY SIGNATURE INITIALS

OS - ON SURFACE CO - CAUGHT ON

OB - ON BOTTOM CLDY - CLOUDY

LETH - LETHARGIC PRE - PRECIPITATE

ERR - ERRATIC SWIMMING UM - UNDISSOLVED MATERIAL

FC - FLARED CARAPACE PM - PARTICULATE MATTER

SC - SWIMMING, CARRYING F - FILM .
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DATA FORMI 7. SAMPLE SUBMISSION (SIDE A)

*SUBJECT: SUBMISSION OF SAMPLES FOR CHEMICAL ANALYSIS

rO BE FILLED OUT BY TRANSMITTER

CLIENT: - - - ---__________ ____ TEST MATERIAL: ______________ PROJECT NO.-_______

DESCRIPTION OF TEST: ___________________________________ SPECIES: _________

*TYPE SAMPLE 0WATER SAMPLING Cl GLASS CLEAR SAMPLE PRESERVATION

CONTAINER 0l GLASS AMBER TYPE_________

Cl PLASTIC AMOUNT ADDED____

0l OTHER_______

1-3 CAP LINERS____

DATE/TME SAMPLED: _______________ SAMPLED BY: _________________TEST DAY:__________

* ~~~SAMPLE STORAGE REQUIREMENTS:_______________________________________________

* SAMPLES SUBMITTED TO: CONTACT:___________

-SAMPLE IDr NOMINAL CONCENRATION FURTHER [VOLUME *ANALYTICAL *REMARKS
NUMBER (DEFINE UNITS) TANK IDESCRIPTION WEIGHT RESULTS

REP OF SAMPLE SAMPLED (DEFINE UNITS)

*It F) OiUT BY RECFIVfIR NOT RAW OATA TRANCRIRFIl FROM tHEMISRY DATA SHFLT.

F'- 7



I DATA FORM 7. SAMPLE SUBMISSION (SIDE B)

TO BLf FILLED OUT BY TRANSMITTC,-R (FOR SAMPLES SHIPPED)

SAMP'LES PACKED BY: ________________________ _________ DATE:______________

INSPECTED BY: ____________________________________ DATE:______________

SHIPPED BY: _____________________________________ DATE: %_____________

SHIPPING CONDITIONS: OIDRY ICE [I AMBIENT TEMP. 5l OTHER___________

TO BE FILLED OUT BY RECEIVER (UPON RECEIPT)

RECEIVED BY: ____________________________ ______ DATE:________________

* ARRIVAL CONDITION OF SAMPLES: 0l FROZEN 5 AMBIENT 5 OTHER ________

DOCUMENT MISSING SAMPLES, BROKEN CONTAINERS, ETC. (IDENTIFY BY NUMBER):

DISPOSITION OF SAMPLES: 0l STORED LOCATION:______________________

[I ANALYZED

* ~SIGNATURE OF SUPERVISOR NOTIFIED:__________________________ _________________

*SAMPLES ANALYZED BY: _____________________ ___________ DATE:______________

-TO BE FILLED OUT BY REPORTER OF RESULTS

- RESULTS APPROVEO BY: __________________________ DATE:__________________

RESULTS REPORTED BY: __________________________ DATE:_ ___________________

DISPOSITION OF SAMPLES AFTER ANALYSIS: 0 DISCARDED

0 RETAINED LOCATION:______________

* CuPIES OF RAW DArA INCLUDED 0l YES .

ONDN
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APPENDIX G P
4

v

In order to ensure that all studies conducted

utilizing this Protocol produce data which are equally

comparable and meet general industry standards, all work

conducted utilizing this Protocol will be accomplished

under the provisions of the Environmental Protection

Agency's Good Laboratory Practice Regulations published in

November 1983, or subsequent revisions.

4...
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APPENDIX H

STATISTICAL PROCEDURES

This appendix provides descriptions of and references to statistical

procedures that are required and/or recommended in the body of the protocol

for the statistical analyses of acute and chronic Daphnia toxicity testing

data. References to more detailed discussions of these procedures and to

computer programs to carry them out are also given. An example of the use

of these procedures and the reporting of analysis results is provided, based

on hypothetical data, randomly generated to conform to the experimental design

described in the protocol.

The following are included:

Page

Acute Test ...... ... ... ... ... ... .... H-2

Acute Test Example .... .. ..................... .. H-15

Chronic Test Mortality Data .... ................. .H-25

Chronic Test Mortality Date Example ... ............. .H-32

Chronic Test Reproduction and Length Data ... .......... H-38

Chronic Test Length Data Example ..... .............. H-45

H-I
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I. ACUTE TEST

A. Experimental Design - See "Acute Tests" section in body of protocol for

details of experimental layout. An acceptable test will have no more than 10

percent mortality in any of the water control, acetate control, or solvent

control groups. Estimates of the 48-hour EC50 will not be adjusted for

control mortality; therefore, the control groups will not be included in the

discussion of statistical procedures for acute test results.

B. Notation - An acute toxicity test will result in the following values:

1. C1 ,C2,...,Ck the k test concentrations of toxicant
e arranged in increasing order so

that C1<C 2<...<Ck;

2. xi=log Ci,i=l,...,k natural logarithms of the k concentrations;

3. nl,n2,...,nk the numbers of daphnids exposed to the
k concentrations, respectively;

4. rl,r2,. ..,rk  the numbers of daphnids that die or are ."/

immobilized within 48 hours of exposure
to the k concentrations, respectively;

5. PlP2,..-,Pk the observed mortality proportions for the
k concentrations, respectively; Pl = rl/nl,
P2 r2/n2,--., Pk = rk/nk.

When it is necessary to refer to individual beakers, the following notation

will be used: nil, ni2, ni3, and ni4 will denote the numbers of daphnids in

the 4 beakers at concentration Ci; ril, ri2, ri3, and ri4 will denote the

numbers of daphnids in the 4 beakers at concentration Ci that die or are

immobilized within 48 hours; Pil, Pi2, Pi3, and Pi4 will denote the observed

mortality proportions in the 4 beakers at concentration Ci. Thus ni = nil +

- ni2 + ni3 + ni4 and ri =ril + ri2 + ri3 + ri4.

* P(x) will denote the true, unknown proportion of daphnids in the entire

reference population that would die or become immobilized within 48 hours if

exposed to the concentration C whose logarithm is x. Throughout the appendix,

logarithms will always refer to natural logarithms unless there is an explicit

statement to the contrary.
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The median effective concentration (EC5O) will be denoted by p and estimates

of V will be denoted by 01. The asymptotic standard error of log(O1) will be
denoted by a and estimates of a will be denoted by 0.

C. Preliminary Scatterplot - A preliminary scatterplot of the responses

versus log-concentration will be formed. The observed individual beaker

mortality proportions {Pij'sl will be plotted versus log-concentration {xi's};
the observed average mot, ality proportions {Pi's} will be included in this

plot using a different plotting symbol.

D. Point and Confidence Interval Estimation of the EC5O Using the Two-

Parameter Probit Model - This method assumes that

or that

where 0 is the standard normal distribution function and 0-1 is the inverse of
the standard normal distribution function. This method requires at least two

partial kills in order to estimate the EC5O. Point and confidence interval

estimates may be obtained directly by using one of a number of computer

programs designed to perform a probi pnlsis4,)oAmong these programs are the

Statistical Analysis System (SAS) .4- PROC PROBIT and a program rjai b \

.arias .an and others [2] that is based on a paper by Stephan M on the

mehdoog or calculating an EC5O. F, r.R *S .-.
It should be noted that some programs, including SAS

PROC PROBIT, actually fit the model

The program documentation should be checked to determine which model is being

fitted.

H- 3
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If a probit analysis program is not available, a general ur)se nonlinear
regression program, such as BMDPAR 441, that produces e'timates of the

variances and covariances of the parameter estimates can be used to carry out

the calculations. The nonlinear regression model

Pi + E.

is iteratively fitted to the data using a weighted least squares analysis.

The ith data point is given weight

n

The residual variance in the regression analysis is specified to be 1.0 and

this value is used in the calculation of residual variances and covariances.

See the example for details. The estimation procedure results in a and ,

_.. estimates of a and 8. A point estimate of the EC50 is

xp (A

2 2
Let V1 and V2 denote the estimates of the variances of & and B, respectively,

and V12 denote the estimate of the covariance of & and B. Then

+ 
-V,

is an estimate of the standard error of log( )

is an approximate 95 percent confidence interval for the EC50. Note that some

programs calculate P12, the correlation coefficient between & and B instead

of V12 . In this case calculate V12 by the formula V12 = P12VIV 2.

* . -. * . ... .:!
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An alternative method to that above for calculating a confidence interval for

the ECSO is based on Fieller's Theorem. Many probit analysis programs such as

SAS PROC PROBIT and the Stephan program use this method. For more information

on the two-parameter probit model and Fieller's theorem, refer to

Finney([I, pp. 78-80).

E. Point and Confidence Interval Estimation of the EC5O Using the Two-

Parameter Logit Model - This method assumes that

' j i
+ exp &-( +I}

or that

and requires at least two partial kills in order to produce both point and

interval estimates of the EC5O. This model is directly analogous to the two-

parameter probit model. A general purpose logistic regression program, such

as BMDPLR or a general purpose nonlinear regression program, such as SAS
PROC NLIN f'J 1or BMDPAR ;, will produce the necessary output to compute

point and confidence interval estimates of the EC50. If a nonlinear regres-

sion program is employed, the nonlinear model

Pi:

is Iteratively fitted to the data using a weighted least squares analyse=.
The ith data point given is weight "

expt- 01 N).

H-5
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See the example for details. The estimation procedure results in and 8,

estimates of a and B. A point estimate of the EC50 is then

A

Expressions for the standard error, 0, of log(5) and an approximate 95 percent

confidence interval for the EC50 are the same as those shown for the two-

parameter probit model.

For more information on the two-parameter logit model, refer to Hamilton L61.

F. Smoothing the Observed Mortality Proportions - It is known that P(xl) _

P(x2 ) <...< P(xk). Because of random variation, the observed mortality

proportions P1,P2,.--Pk may not show this monotone behavior. When this is the

case, several methods to be discussed subsequently in this appendix require as

a first step the smoothing of the observed mortality proportions to monotone

nondecreasing order. New mortality proportions pl, P2,--.,Pk are calculated

by combining the mortalities (ri's) and numbers of daphnids (ni's) of any

adjacent Pi's which are not in the proper monotone order to obtain a single

average mortality proportion p for the two groups. That is, suppose P3 > P4.

Then P3 and P4 are each replaced by P3 = P4 = (r3 + r4)/(n3 + n4). This

process is continued until P1 :S P2 :...<I Pk. Note that once two adjacent

groups are combined, they remain combined throughout the averaging process.

G. Point and Confidence Interval Estimation of the EC50 Using the Convention-

al and the Trimmed Spearman-Karber Methods - These methods assume only that

the population mortality rate P(x) is symmetric about the log EC5O in such a

way that

P(!oEC~o 4%) :IP(I.IECSO-)

for all x; they do not assume a specific functional form for P(x). The

conventional Spearman-Karber method requires that at least one low

concentration yield no mortalities and that at least one high concentration

yield 100 percent mortalities.

H-6
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Let xl be the highest log-concentration producing 0 percent mortality such

that all lower concentrations also produce 0 percent mortality. Let Xk be the

lowest log-concentration producing 100 percent mortality such that all higher
concentrations also produce 100 percent mortality. All log concentrations

below xi or above Xk are excluded from the analysis. The first step is to

smooth P1,P2.-...Pk as outlined above to obtain the monotone nondecreasing
values. The conventional Spearman-Karber estimate of the EC50 is

k{-I. , ..A
I. , r,

and an estimate of the standard error of log ( f) is given by

The conventional Spearman-Karber estimate can be thought of as the 0 percent

trimmed Spearman-Karber estimate.

In order to obtain an O trimmed Spearman-Karber estimate (O<a<0.5), the upper

1003 percent and lower 100m percent of the estimated tolerance distribution is

trimmed off. Let L a max { I Pi i} and U = min { i = pi1-al and define

new log-concentration values

and /"Pv,

H-7 ,r
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and new proportion mortalities PL 0 and PU 1. In addition, let

for i = L+I, L+2,..., U-i. Then the a-trimmed Spearman-Karber estimate is "-

The formula for the estimated standard error of f is rather lengthy.

v Hamilton, d1 rto [,pape7i8j discsshis formula in some detail

in the appendix to their paper.

An approximate 95 percent confidence interval for the EC50 is then

" If pl l 0 or if Pk 1, the conventional Spearman-Karber estimate cannot be

* calculated. It is sometimes suggested that if the log-concentrations are

equally spaced, the next log-concentration below or above the series used

should be assumed to have given the desired result of p = 0 or p = 1, respec-

tively. The estimation is then completed for the augmented series of log-

concentrations. This fabrication of data could be seriously misleading unless

P1 and Pk are very close to 0 and 1, respectively. If P1 > a or if

Pk < i-a, the a-trimmed Spearman-Karber estimate cannot be calculated. Again,

fabrication of data to allow calculation of an estimate could be very mislead-

.- ing unless Pl and Pk are very close to a and 1-a.

' We-Wi-iitdpt. je :onvention ,here that the a-trimmed Spearman-Karber estimate

will be calculated only if pi < a + 0.10 and Pk > 1 - a - 0.10. Hamilton, -t -(r(-? -

JA O, ead Th" rt.. 7+ recommend a choice of a = 0.10 for an experiment where

* the lowest concentrations cause approximately 5 percent mortality or less,

and/or the highest concentrations cause approximately 95 percent mortality or

more. For more information o the conventional and the at-trimmed Spearnan-Karber

methods, refer to Finney and Hamilton,buso, nd Thurst3-[).""-.-- :.-.-.
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Hamilton has developed a set of FORTRAN subroutines to calculate the Spearman-

Karber estimate of the LC50 and the associated 95 percent confidence interval,

as described in Hamilton, ..... a ...... ....... li,.... of the

H. Point and Confidence Interval Estimation of the EC5O Using the Moving

Average Method - The moving average method assumes that P(x) is symmetric
about the log EC50 and in the case of unequally spaced log-concentrations

(x's) further assumes that P(x) is linear in x (at least in a neighborhood of

the EC50). Like the Spearman-Karber method, it does not assume a specific

functional form for P(x). The first step is to smooth Pl,...,Pk to obtain

monotone nondecreasing values as outlined previously. After selecting a span

K for the moving average where 2 < K < k-, the following quantities are

calculated:

The moving average estimate of the EC50 with span K is

H-9
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where

.0. S

PV

An estimate of the standard error of log(,x) is

A FPe~d- 4._________K (p L p'ei +' :

An approximate 95 percent confidence interval for the EC50 is given by

Stephen/f+ recomrmends that the moving average method not be used unless PL

*and pt are each based on at least two mortality proportions strictly between 0

* and 1. It is also recommnended that the span K be chosen as large as possible

for each given data set while still allowing use of the method according to

* the previous recommnendation. For more information on the moving average

method, refer to Finney~ 'P 57AA40

H- i
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In some applications of the moving avirage method, a variance stablizing

transformation is applied to the mortality proportions prior to application of

the method and/or Fieller's theorem is used to obtain the confidence interval

for the EC50. For more information on variance stabilizing transformations
and Fieller's theorem, refer to Harris W . The Stephan program, described

earlier in conjunction with the two-parameter probit method, may be used to

carry out the moving average method. The program employs both a variance

stabilizing transformation and Fieller's theorem.

I. Point and Confidence Interval Estimation of the EC50 Using the Minimum

Logit Chi-Square Method - Like the two-parameter logit method, this method

assumes that

.1

J+I 

-p
or that

and requires at least two partial kills in order to produce both point and

interval estimates of the EC5O. Define the empirical logit

and the empirical weight

WilnlP #An; AfI2

for i=1,...,k. The weight WI is set to zero if either Pl=P2=... =Pi+1=
0 or if

Pi-l=Piz.-. =Pk=l-0 "

All

:.: ...
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The minimum logit chi-square estimates of c and B are obtained by fitting the

simple linear regression model

using weighted least squares with weights Wi. Any linear regression analysis

program that permits the use of case weights is acceptable. Several such

programs are PROC GLM in the SAS statistical computing system 41+-or BMDP1R in-

the B-MOR sctisic compting SY~tQM4[1] A Ik

Let V, B denote the least squares estimates of a, B. Let aRES denote the

observed residual mean square from the regression fit. Since the theoretical

value of the residual mean square is 1, all variances and covariances display-

ed in the regression output need to be adjusted by dividing by the observed

residual mean square 8tES prior to being used in variance formulas. Let V1 ,

V2 , and V1 2 denote the estimated variances of & and B and the estimated

covariance of a, B after adjustment by dividing by 8RES.

The estimate of the EC5O is

" "~ exp

The estimated standard error of log ( ) is

An approximate 95 percent confidence interval for the EC50 is given by

CgP~(-,.-0V, >exp A,) .--.,

For more information on the minimum logit chi-square method ayd for formulas

that can be used for hand calculations refer to Hamilton .

WA
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J. Detection of Outlying Beakers Within a Concentration Group - Consider the

*ith concentration Ci and recall that (nil, ril, Pil), (ni2, ri2, Pi2), (ni3,

ri3, Pi3), and (ni4, ri4, Pi4) denote the number of daphnids, the number of

mortalities, and the observed mortality proportions for the 4 beakers,
respectively, at concentration Ci. Calculate Zil, Zi2, Zi3, and Zi4 for

i=l,...,k using the formula

Let N=nl+n2+...+nk. Rank the Zij's from least to greatest over all i and j

* and let Rij denote the rank of Zij. The normal score associated with Zij is

given by the expression

A normal probability plot of the Zij's is formed by plotting Zij versus its

normal score for i=l,...,k j=1,2,3,4. Theoretically, for large nij values,

these points should fall approximately on the line which passes through the

*points (0,0) and (1,1). This line may be drawn in on the plot for reference.

*.: Beakers which correspond to extreme points which depart from a general smooth

pattern established by the remainder of the plotted points should be identi-

fied as potential outlying beakers.

Once a beaker has been identified as a potential outlier, Fisher's exact test

should be performed to compare the potentially outlying b',aker with the

combined results in the other 3 beakers in the same ccncentration group.

Suppose that the jth beaker in the ith concentration group has been identified

as a potential outlier. Let L = max(O, nij + ri - ni) and U = min(ri,nij).

Calculate the two probabilities

IZ

I~~' .. :7t ''
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and

ps L I ne...- I

Then the observed two-tailed significance level of the test is

The potential outlier should be declared an outlying beaker if 4ka<O.05.

Multiplying a by 4k takes into account the fact that the jth beaker in the ith

concentration group has been selected as an extreme beaker among the 4k

beakers used in the study.

K. Benchmark Data Sets - The Committee on Methods for Toxicity Tests with

Aquatic Organisms 14J-* published hypothetical test data and "acceptable
A

ranges" for the associated EC50 estimates and their 95 percent confidence

limits to help scientists evaluate estimation procedures. These data sets and

acceptable ranges are reproduced and discussed by Hamilton, RuS,2,a.n

-Iturs.ton4. Tables V and VI). Any computer programs that are used to carry

out the statistical procedures described in this appendix should be evaluated

using these benchmark data sets and acceptable ranges.

I*o
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II. ACUTE TEST EXAMPLE

A. Data Set - The following synthetic data set (Table 1) was randomly

generated to conform to the acute test experimental design described in the

protocol. The control group values are not included, since they are not used

in the analyses of the acute data.

TABLE 1. SYNTHETIC ACUTE TEST DATA SET p,

Beaker Mortality Mortality
Log Proportions (ruj/nj) Proportions

Concentration Concentration (ri/ni)
1 2 3 4

25 3.219 0/5 1/5 0/5 0/5 1/20

.0 3.912 2/5 0/5 1/5 2/5 5/20

130 4.605 1/5 2/5 4/5 2/5 9/20

230 5.298 2/5 4/5 3/5 2/5 11/20

4)0 5.991 5/5 5/5 3/5 4/5 17/20

Thus, k=5, all nij values are 5, and ni values are 20.

B. Preliminary Scatterplot - A preliminary scatterplot of the responses

versus log-concentration is given in Figure 1. The individual beaker mortali-

ties are plotted with the symbol "A" corresponding to a single point and with

a nunter corresponding to multiple points in the same print position. The

averace mortality proportion for each concentration group is plotted with the

symbol "B.

H-15
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FIGURE 1. SCATTERPLOT OF INDIVIDUAL BEAKER AND AVERAGE

MORTALITY PROPORTIONS VERSUS LOG-CONCENTRATIONS
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C. Point and Confidence Interval Estimation of the EC50 Using the Two-

Paramter Probit, Model - The two-par amo er probit method will be illustrated
using the computer program BMDPAR Wj to carry out the calculations. Figure 2

0 contains a listing of the FORTRAN s'ubroutine FUN in which the nonlinear

regression function and the weights are specified. Figure 3 contains the

BMDPAR program commands needed to generate the fit.

SU9ROJTI4E FUN(FPDKNKAS--,NVA~,NPARD,1'ASS, VLC'SS)
REAL FPPPXXLOSS
DI ' 1=NSI!JN P( NPAq), X( 4VAR)
ARG=P(1 )+P-(2)*X(?)
F=C1*ERF(ARG/19414Z) )12GO

I F(F.LE.O.OO1)Fv=0@0oI
IF (F.GE.C.999) FF-O.999
X(6)aX~(3)1 (FF*(1.O-FF) )
RETURN
EWI)

FIGURE 2. LISTING OF FORTRA SUBROUTINE FUN
c C

IPKC3LEM TITLE IS tTWO-PARA"ETER PR03IT FIT USING MDPAR NO04LIN:AR
REGRESSIR DRIGP4!St,

IINDJT -VAR IABLE=.

FQR'lAT-t(',FjO.O) '

UNIT*?.
* UVARIAELE

NA 'EwGROUP#C O-C# '4TE $7, NEAD, PvASE*'TPL:NC@

* /TRANSFORM1

CASEWT-leO.
LC ONCawL N 04C).

IREGQESS
CE PENDEi4T. P*

* PARA&IETERSoZo
FEIG wCAS EWT. ______

HAL VINGoOs
KE ANSCU ARE .1.0.

* IPARAMETER
I4ITIALO-4#7740*D97O6,
NAMEsI4TCPTSLOPE*

VAR IABLEaL CONC C INC,
SIZEeSIO,50.

FIGURE 3. BMDPAR PROGRAM COMMlANDS

H-17



The initial parameter values for the fit -4.774, 0.9706, can be obtained from

the preliminary scatterplot. From the program output (not shown), the follow-

ing information is obtained:

1 . & =-4.118

2. 8 =0.8421

3. = -0.9829

4. V1. = 0.7686

5. V2  = 0.1598

V12 is calculated as P12V1V2. Using these values and the formulas stated in

Subsection I.D, the following values are obtained.

20.5907 V2 0.02554=-020

log(o) 4.890 133.0 =0.1720

The approximate 95 percent confidence interval for the EC50 is (94.94, 186.3).

0. Point and Confidence Interval Estimation of the EC50 Using the Two-Parameter

Logit Model - The two-pararnetir logit method will be illustrated using the

* computer program BMDPAR -4jto carry out the calculations. Figure 4 contains a

*listing of the FORTRAN subroutine FUN in which the nonlinear regression function

and the weights are specified. Figure 5 contains the BMDPAR program commnands

needed to generate the fit.

SUSROUTINE FUN(FDPYNKASEPNViPO40AQID&S5,XL05SS
REAL F#9#X#XLOSS .

DIMEN4SION P(NPAR )PX(NVAR)

F r-W V
IF( F*LEsC.OO1)FF-O.OO1
I F( F.GE .z0.9q FF-O.9q9;

RETURN
END

FIGURE 4. FUN SUBROUTINE FOR BMDPAR TWO-PARAMETER LOGITMODEL
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/PROBLEM4 TITLE -IS tfTi-0-PARA"ETE. LCOGIT rTT 'STf1'8WBPiN1WNLIEAq
REGRESSION PR0GQA~f.

/INPUT

/VARIABLE
NAMEOGROUPC0NC,'qTEST, NDEAI, ', ASVWTLCO'4C.
ADDw3e

/TRA4SFORM
PUIJDEAD/4TEST*

-CASEWTu1.. ________________________

L C 0 NC a t C b A. NC)
/REGRESS

OFPF40ENTwP*
PARA4ETERSv2*
WE! GHTeC ASE VT.
H AL V fINGu. _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _

'EA4SURuO __________

/PARAMETER
INITIAL-9548194o

49uI4TCPTSL0PE,
/PLOT

VAR IABLEeLC0NC, COHC.__________
S I zE 1OG 50

/ENO

FIGURE 5. BMDPAR PROGRAM COMM4ANDS FOR TWO-PARAMETER LOGIT MODEL

*Initial parameter values for the fit can be obtained from the preliminary

* scatterplot. Fromi the program output (not shown), the following information is
* obtained:

1. a *-6.814

2. z 1.392

3. P12 -- 0.9849

4. V1  - 1.394

5. V2 - 0.2880

V12 is calculated as P12V1V2. Using these values and the expressions stated
in Subsection I.E, the following values are obtained.

H-19
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Vi = 1.943 V2 = 0.08294 V12 -0.3954

log( ) = 4.895 = 133.6 a : 0.1750

The approximate 95 percent confidence interval for the EC50 is (94.81, 188.3).

E. Point and Confidence Interval Estimation of the EC50 Using the Trimmed

Spearman-Karber Method - The calculation of the 20 percent-trimmed Spearman-

Karber estimate is illustrated here. The observed mortality proportions and

log-concentrations for the concentration groups are

TABLE 2. MORTALITY PROPORTIONS AND LOG-CONCENTRATIONS
FOR THE ACUTE TEST DATA

i 1 2 3 4 5

Xi  3.219 3.912 4.605 5.298 5.991

pi 0.05 0.25 0.45 0.55 0.85

Since P1 _. P2 < P3 < P4 _ P5, there is no need to smooth the p-values. The

following calculations are performed:

L= max { i: pi < 0.20} = 1

U = min Ii: pi > 0.801 = 5

Using the above values of xi's, Pi's, L, and U and the formulas stated in Sub-

section I.G., the following values are obtained.

x= 3.739, x5 = 5.875, x2 = x2, x3 = x3, x4 x4

P1 0, P5 1 1, P2 : 0.08333, P3 : 0.4167, p4 : 0.5833

.20 : 130.3
li-20)'"
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V* o.

Using the expression for the estimated standard error of 1 5(*, g'.V, -A -L

appendix to Hamilton,-Ruq:q, -.ad Thur:t.on47;page 7189, with L and U = 5,

the estimate 0.2001 is obtained. The approximate 95 percent confidence

interval for the EC5O is (88.03, 192.9).

F. Point and Confidence Interval Estimation of the EC5O Using the Moving Aver-

age Method - Refer to Table 2, Section E for the mortality proportions and log-

concentrations used in this example. Since P1 < P2 :1 P3 1 P4 :_ P5, it is not

necessary to smooth the p-values. The following table contains the p* values

for K 1, 2, 3, 4.

TABLE 3. INTERMEDIATE p*-VALUES FOR MOVING
AVERAGE CALCULATIONS

1 2 3 4 5
Span

1 0.05 0.25 0.45 0.55 0.85

2 0.15 0.35 0.50 0.70

3 0.25 0.4167 0.6167

4 0.325 0.525

Since K = 4 gives two p* values that surround 0.50 and each of these p* values

is based on at least two mortality proportions strictly between 0 and 1, K is

taken to be 4 (the largest possible value). Then L - 1, U -2. The inter-

mediate values necessary to calculate N with K =4 are obtained using the
expressions stated in Subsection I.H. Namely

xj 4.259 x2 4.952

Pl = 0.325 P2 = 0.525

f = 0.875 04 = 129.7 a4 = 0.1712

The approximate 95 percent confidence interval for the EC50 is (92.73, 181.4).



G. Point and Confidence Interval Estimation of the EC50 Using the Minimum

Logit Chi-Square Method - The empirical logits and the empirical weights are

given in the following table, based on the expressions shown in Subsection

TABLE 4. EMPIRICAL WEIGHTS AND LOGITS FOR MINIMUM ..-

LOGIT CHI-SQUARE CALCULATIONS

i 1 2 3 4 5

Li -2.565 -1.036 -0.191 0.191 1.609

Wi 1.393 4.060 5.202 5.202 2.917

Based on fitting the simple linear regression model using weighted least

squares with the weight Wi above, the following values are obtained.

c = -6.219

8 = 1.272

V1 = 1.908
= 0.0818

V12 = -0.3896

Recall that the values of Var(&), Var(B), Cov(&,B) must be divided by aRES,

the residual mean square from the regression fit, to obtain V1 ,V2,V12.

Using the expression stated in Subsection I.1, the following values are

obtained.

log( Q) = 4.889 P 132.8 a = 0.1838

The approximate 95 percent confidence interval for the EC50 is (92.63, 190.4).

H. Detecting Outlying Beakers Within a Log-Concentration Group - The Zij-

values and associated normal scores for detecting outlying beakers are given

22
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in Table 5. These values are obtained from the expressions shown in Subsec-

tion I.J.

TABLE 5. Z-VALUES AND NORMAL SCORES (IN PARENTHESES) FOR
OUTLIER DETECTION PROBABLILITY PLOT

Beaker(j)""

Concentration(l) 1 2 3 4

25 -1.16 1.23 -1.16 -1.16
(-0.74) (0.74) (-0.74) (-0.74)

50 0.83 -2.70 -0.31 -0.83
(0.52) (-1.87) (-0.06) (0.52)

100 -1.40 -0.26 1.92 -0.26
(-1.13) (0.12) (1.13) (0.12)

200 -0.78 1.40 0.26 -0.78(-0.38) (0.92) (0.31) (-0.38)

400 2.05 2.05 -1.48 -0.34
(1.59) (1.59) (-1.40) (-0.19)

The normal probability plot of the values in Table 5 is given in Figure 6.

The theoretical N(0,1) line is drawn in for reference. Based on this plot,

the lowest point appears as if it may be separated from the others and so is

identified as a potential outlier. Table 5 shows that this point corresponds

to I =2, j=2.

p.2
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FIGURE 6. NORMAL PROBABILITY PLOT OF THE VALUES IN TABLE 5.

Fisher's exact test is performed, as discussed in Subsection 1.J, to compare

* the potentially outlying beaker with the combined results in the other three

beakers in its group. Namely

J 
ektr 

2 
seaker 

,3,+

55

For this table nij =0, nij 5, ri =5, ni 20, L =0, U 5.

(20)

~:F: Po.397 >0-05

* Thus there is no statistical evidence that this potential outlier is in fact

* an outlier.

- - -- ----



191

III. CHRONIC TEST MORTALITY DATA

A. Experimental Design - See "Chronic Static-Renewal Tests" section in body
of protocol for details of experimental layout. An acceptable test will have

no more than 20 percent mortality in any of the water control, acetate

control, or solvent control groups. Estimates of the EC50 will be adjusted

for control mortality. See the body of the protocol (Statistical Evaluations

section) for selecting the appropriate control group or combination of control

- groups to be used in the analysis. The control group referred to in this

appendix is the appropriate control group or combination of control groups

.. selected by these procedures.

B. Notation - The notation used in this section is the same as that used in

Section I, for the acute test mortality data. See Subsection IB for details.

The notations no, ro , and po denote the number of daphnids, the number of

deaths or immobilizations, and the observed proportion of deaths or immobili-

zations, respectively, in the control group. The symbol e will denote the

control population mo-tality proportion at 21 days.

C. Preliminary Scatterplots - A preliminary scatterplot of the data is formed

by plotting the observed mortality proportions {pj} versus the log-

concentration {xi} for i = 1,2,...,k. The control group mortality proportion

is plotted versus a number smaller than x1, which is chosen to separate the

control point from the others.

0. Variance Stabilizing Transformation - Prior to performing an analysis of

variance or multiple comparisons, a variance stabilizing transformation should

be applied to the observed mortality proportions. The protocol suggests the

transformation

cJrcN CkrI- -

after which Yi is approximately normally distributed with mean arcsin( y(vtL) ."

and variance 1/4n i for i=l,...,k and Yo is approximately normally distributed

with mean arcsin(e'/ 2 ) and variance 1/4no .

H-25

,." .



L 9."

E. Analysis of Variance - The following analysis of variance test procedure

tests the null hypothesis Ho.B=P(xl)-...=P(xk). Use the variance stabilizing

transformation outlined above to obtain Yo, YI... ,Yk Calculate

Let X.95,k denote the 95th percentile of the chi-square distribution with k

degrees of freedom. If Q > x.95,k then reject Ho: 8=P(X1)=...=P(Xk);

otherwise, fail to reject Ho .

F. Multiple Comparison Procedures - One of the following multiple comparison

procedures should be performed to determine which treatment groups, if any,

differ significantly from the control group.

Use the variance stablizing transformation outlined above to obtain Yo,YI . Yk.

Dunnett's Procedure - Calculate

EY-n. / /-J

and conclude that log-concentration xi had a statistically signifi-

cant detrimental effect on mortality if Ti > t(O.05; k, -) where

t(.05; k, 0) is the one-tailed critical point for Dunnett's multiple

comparison procedure corresponding to cx=.05,k treatment groups and
infinite degre.s of freedom. Tables of these critical values may be ';

found in Chew I or Dunnett 421-.'

H-26
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Bonferroni Procedure - Calculate T1,T2,...,Tk as for Dunnett's pro-

cedure but conclude that log-concentration xi had a statistically

significant detrimental effect on mortality if Ti > Z(.05/k)

where Z(.05/k) is the upper .05/k percentile point of the stan-

dard normal distribution.

Williams' Method - Smooth the observed mortality proportions to non-

decreasing order to obtain Po,Pl,...,Pk by the process de-

scribed in Subsection I.F. Apply the arcsin-square root variance

stabilizing transformation to obtain
r-'-s

Lk L

and Yo=arcsin(po1/2). Note that Yo is calculated using the

unadjusted mortality rate in the control group. Calculate

(Y;- Y.) Lm.-k

and conclude that log-concentration xI had a statistically signifi-

cant detrimental effect on mortality if Ti > t(.05; k, -) where

t(.05; k, -) is the one-tailed critical point for Williams' method

corresponding to Ga.05, k treatment groups, and infinite degrees of

freedom. Tables of these critical values may be found in WilliamsAXA71) -..

or Chew (1977) . .

If the assumption that the true mortality proportion function P(x) is nondecreasing

is reasonable, then Williams' procedure should be used due to its superior power in

detecting a true detrimental difference between a treatment group and the control

group.
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The smallest concentration declared to have had a statistically significant

effect on mortality will constitute the toxic concentration. The next lower con-

centration will constitute the no-significant-effect concentration. r

G. After-the-Fact Power Calculations for the Bonferroni Multiple Comparison

Procedure - Consider the ith concentration group. The probability that the

ith concentration group will be declared to be statistically significantly

different from the control group is given by the equation

I^Q"r - Z (' ./C- :\-:.

where * is the standard normal distribution function and Z(a) is the upper a

percentile point of the standard normal distribution.

This calculation provides an indication of the sensitivity of the multiple

comparison procedures discussed in Subsection III.F (particularly,

Bonferroni's procedure). It is of importance to determine how great the

mortality level must be before it is very likely to be declared statistically

significantly different from the control group mortality.

H. Point and Confidence Interval Estimation of the EC5O Using the Three-

Parameter Probit Model With Abbot's Correction - This method assumes that

P(z) " + () Vl ;X)

or that -

d.0

H- ?2!P
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where t is the standard normal distribution function and s-i is the inverse of

the standard normal distribution function. It requires at least two partial

kills in order to estimate the EC50 or ECIO. The form of the expression for

q background mortality is known as Abbott's correction. Point and interval

4 estimates may be obtained directly using a computer program designed to

perform a three-parameter probit analysis such as SAS PROC PROBIT[11. It

should be noted that some programs, including SAS PROC PROBIT, actually fit

the model

The program documentation should be checked to determine which model is being
fit. If the latter model is being fit, then at should be replaced by C<-5 in

all the formulas that follow in this section.

If a probit analysis program is not available, a general purpose nonlinear
""" regression program, such as BMDPA U, '9 W%~t produces estimates of the

variances and covariances of the parameter estimates can be used to carry out

. the calculations. The nonlinear regression model

f .-

is iteratively fitted to the data using a weighted least squares type of

analysis. The ith data point is given weight

n;-

See the example for details. The estimation procedure results ins, ( and''

which are estimates of e, g and 0, respectively.

H-29
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Expressions for Q (the estimated EC50 adjusted for background mortality by

Abbott's correction), a , and an approximate 95 )ercent confidence interval

for the EC50 are the same as those shown in Subsection I.D corresponding to

the two-parameter probit model. An estimate of the ECIO is given by the

formula

and an estimate, 0.10, of the standard error of 0.10 is obtained by substitut-

ing 0.i 0 for Q in the formula for 0 The 95 percent confidence interval for

the EC1O is

.,0ex('. , exp& ,.

I. Confidence Intervals for Treatment-Control Mortality Rate Ratios - The

following procedure may be used to construct confidence intervals on the

ratios RI=P(x1 )/e, R2=P(x 2 )/e,..., Rk=P(xk)/E of treatment group mortality

proportion/ to the control mortalityqropei-4i. If po, the observed

proportion rtality in the control group, and pi, the observed proportion,,:

mortality at log-concentration xi, are both greater than zero, the lower and

upper 95 percent confidence bounds, respectively, for Ri are

and

r . , 4 ,:J _Li] ::

If PO=O,' the upper confidence bound for Ri is infinity and a 95 percent lower

confidence bound for Ri is (Feder and Collins,-j)

L,".no, FPr,., 2. c 045

.7 ,.)-a:

• o °.*.
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where F(vl,v 2c1) represents the upper alpha point of the F-distribution with
degrees of freedom \V1  and v2. if pi=O, the lower confidence bound for Ri is

*zero and a 95 percent upper confidence bound for Ri is

nip..

H- 31]
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IV. CHRONIC TEST MORTALITY DATA EXAMPLE

A. Data Set - The following synthetic mortality data set (Table 6) was ran-

domly generated to conform to the chronic test experimental design described

in the protocol.

TABLE 6. SYNTHETIC CHRONIC MORTALITY DATA SET

Mortality
Log Proportion

Concentration Concentration (ri/n i)

Control 1/10

8.75 2.169 2/10

17.50 2.862 3/10

35.00 3.555 4/10

70.00 4.249 7/10

140.00 4.942 8/10

Thus k=5 and all the ni values are 10, including no.

B. Preliminary Scatterplot - A preliminary scatterplot of the observed

mortality proportions versus log-concentration is given in Figure 7.

"Z . .. -.".. ., .;-':.'-, .= ,_ -.".. '.'_-' ;,"-'-,'. i" , ,/ ,-.' " ," ." Y -' ," . ' ".",","." " ' .- ".. " -- •" ,'..i.'" " ",, •
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FIGURE 7. SCATTERPLOT OF MORTALITY PROPORTIONS VERSUS LOG-CONCENTRATION
4--

The control mortality is plotted versus a log-concentration value that

separates it from the remaining points.

C. Variance Stablizing Transformation - The following Y-values are obtained

by applying the arcsin-square root transformation to the pis, using the

expression in Subsection III.D.

Y=. 7468

Y1=.9900

Y2=1.1968

Y3=1.3872

Y4 =1 .9448

Y5=2.1516
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D. Analysis of Variance -Some intermediate quantities and the test statistic
are:

60

LA

.n6

2~

nc.& h yohssHSOP219=(.6)

T1 143,0

toi coneetratio is5, 70 and1 tehpthei s infc t effect2.concentra-)

aretio illstrted

Ihnnett's Procedure -The T-values are Ti: caclae for Du.004
procedure bt 4 .69 anthe.4. Th n-tie criticalpon isZ .0/) (.1=23 Tu

pointcisclusions5,are.the Thme concentraions 70 andr140dhad.

stiically sigo-ncnthdetrmnaeto mortality.pootosaei Thne-
toxaig coera to is 70t nder nosgifcth teffecdth cnta-

ofrrnPrcdr ThT-ausare a calculated for Dunnett's poeue h rtclpiti

tO0;, =.76 Thsthe conclusions are the same as for Dnetspoeue

Dunnett's procedure.
H-34
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F. After-the-Fact Power Calculations for the Bonferroni Multiple Comparisons

Procedure - Suppose that P(xi) and -, the true mortality proportion for the

ith group and the true background mortality proportion, are 0.5 and 0.1,

respectively. Then the probability that the ith group will be declared to be

statistically significantly different from the control group is

- c

This calculation says that the chances are just . in 10 that a true mortality

level of 0.50 can be distinguished from a background level bf 0.10 with the

experimental design specified for the chronic test and with Bonferroni's

procedure. If P(xi)=0.7, the power increases to O. .tO4. Thus this test is

sensitive only to very large changes in mortality levels.

G. Point and Confidence Interval Estimation of the ECSO Using the Three-

Parameter Probit Model with Abbott's Correction - The three-parameter probit

method will be illustrated using the computer program BMDPAR [4] to carry out
the calculations. Figure 8 contains the FORTRAN subroutine FUN in which the

nonlinear regression function and the weights are specified. Figure 9

contains the BMDPAR program commands needed to generate the fit.

Note that the control group is associated with a very small (but positive)

concentration in this program so that when the logarithm of concentration is

taken, an overflow does not occur. The control group is then treated as a

special case in the fourth line of the FUN subroutine.

.-3 .."
,_% '.-.
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SU BPOU~TINE F414IF P XrN KAS E NV A RoNP1Akp I PASS tXLOS S)
REAL F, Pr Yo LcSS
DIME NS ION P( NPAR oX( 4VAR)
IF(X(21.LE.0.0O01OLFwP(3)"r
IF(X(2).LE.O.00001)GO Tf VJ1

F-P(3)+(1.0-0( 3n*F

FFmF
IF (F LE .0. 001) FFuO.001
IF(F.GE.0.999) FF-O.999

RE TURN
ENO

FIGURE 8. FUN SUBROUTINE TO CARRY OUT THREE-PARAMETER PROBIT FIT
USING BMDPAR

/PROBLEM TITLE .IS tTHREE-PARA4ETER PROiIT FIT US14G BM0PAQ NOJNLIIEAR
REGRESSIO)N PROGRAMt.

/ INPUT
VARIABLE '.

FO)RMATut('tFlO.0) toU UNITm9*
/VARIABLE ________________________ _ _

NAMEGRUPPC34CNrEST,'40EADPPCASEYTLC04C.
ADD 3.

/TRANSFORI
PeNOEkD/NTEST.

S CASE WT-lo. 

DEPENDENT-Pe
PkRA!IETERS-3.
WEIGHToCASEWdT,
HAL VING-Oo

/PARAMETER

NA MEn*INTCP TSL OPE, TH-RESH.
/PLOT

VARIALEmLCl3NCCrNC*

* lENO,

FIGURE 9. BI'UWAR PROGRAM COMMANDS TO CARRY OUT THREE-PARAMETER PROBIT FIT
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From the program output, the following information is obtained:

I. 8 = 3.021

2. = 0.7748
3. = - 0.1044

4. VI = 1.289
5. V2  = 0.3059

6. P12 -0.9762

Using the formulas in Subsections I.D and III.H, the following MR.

are point and interval estimates of the EC50 and ECIO.

- 49.36 & ; 0.3706

(34.07,71.50) is a 95 percent confidence interval for the EC50

.10- 9.435 & - 0.8214

(4.15,21.45) is a 95 percent confidence interval for the ECO-

H. Confidence Intervals for Treatment-Control Mortality Rate Ratios - Since

none of the mortality proportions are zero, the 95 percent confidence

intervals are:

(0.21,18.69) for R1 = P(2.169)/E.
(0.37,24.17) for R2 = P(2.862)/e

(0.54,29.81) for R3 = P(3.555)/e
(1.04,46.95) for R4 = P(4.249)/e)

(1.21,52.69) for R5 = P(4.942)/.

These confidence intervals indicate that the ratios of the chronic mortality

rates in the treatment groups to that in the control group are not determined
very precisely with this design and with the assumed background mortality rate

of 0.1. '

H,-3
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V. CHRONIC TEST REPRODUCTION AND LENGTH DATA

If
A chronic toxicity bioassay will yield the following endpoints for each female

surviving 21 days: number of broods, total number of young produced, and

(optionally) a length measurement.

A. Notation: no,nl,... ,nk numbers of daphnids surviving to 21 days
in the control group and k test
concentration groups, respectively I .

k
N ni

i=o I

Yil,... ,Yin, endpoint (productivity or length)
values in ith group, i=0,1,...,k
or appropriate transformed values

YO.L ...,Yk. average (transformed) reponses in the

test groups

SO,...,S k  sample standard deviations in the con-
trol and test groups

CI,...,Ck test concentrations in the k test
groups

xl,...,xk logarithms (natural) of test concen-
trations in the k test groups

1(x) population mean response at log-
concentration x.

VIO,1,-.-,Uk population mean responses in groups0,1,.... ,k.

a standard deviation of responses

B. Preliminary Scatterplot - A preliminary scatterplot of the responses

versus the logarithm of concentration will be prepared. The observed

individual data points (Yij} will be plotted versus log-concentration {xi};-

the observed average data points (7i.1 will be included in this plot with a

different plotting symbol. The data points for the control group are plotted

versus a small number less than xi chosen to separate the control points from

the others.

1 Note that no,nl,...,nk correspond to ro,r1,...,r k of Section Ill.

-



C. Tests of Homogeneity of Variance - An underlying assumption of the

multiple comparison procedures to be described in the following section is

that the variances of the measurements be the same for the control group and

for each of the treatment groups. Prior to performing the multiple

comparisons, one of the following tests of homogeneity of variance should be ._.

carried out.

Bartlett's Test - Calculate

Lao

k
+

S.' '.

3kk

and

B ~j(Nk~I/o(MSE)Z (n; )l103(

If B > X2(O.95,k), where X2(O.95,k) is the 95th percentile of the

chi-square distribution with k degrees of freedom, conclude that the

variances are not equal. Otherwise, fail to reject the hypothesis

that the variances are equal. This test is included in the com~puter

program BMDP90 in the BMDP statistical computing system [41.

Hartley's Test - This procedure assumes that the individual sample

sizes are eqt al, i.e. no=nl=... =nk=n. Let max (Si2) denote the

largest of the k+1 sample variances and min (Si2) denote the p-.

smallest of the k+1 sample variances. Calculate

H iox(S )/m rn. -S)

H -39 77
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and conclude that the variances are not equal if H > H(.95;k+l,n)

where H(.95;k+l,n) is the 95th percentile of the null distribution

of H corresponding to k+1 samples and individual sample size n.

Tabled values of H(.95;k+l,n) may be found in Neter and

Wasserman1 5± ( L- ' -

Both Bartlett's test and Hartley's test assume that the observations are

normally distributed. The following test of homogeniety of variance is less

sensitive to departures from the normality assumption than are the Bartlett

test and the Hartley test.

Levene's Test - Calculate

for i=O,1,... ,k and j=l,...,n i. Compute the one-way ANOVA F-

statistic for testing the equality of the means of the k+l samples

7 (D0i{2.""- no)' (O11,D12. ""Dlnl)'" ""
(Dkl,Dk2,...,Dknk). A computational formula for the ANOVA F-

statistic is k

L(Nk - "
F"(:k ,L~ k(€'-' > +('=O

If F > F(.95;k,N-k-1), where F(.95;k,N-k-1) is the 95th percentile

of the F distribution with k and N-k-i degrees of freedom, conclude -

that the variances are not equal. Otherwise, fail to reject the i1]

hypothesis that the variances are equal. This test is included in . i

the computer programs BMDP3D and BMDP7D in the BMDP statistical 3,

computing system L4- ( c , .j )"

D. Variance Stabilizing Transforuation - If the conclusion of the test of'--
*homogeneity of variance is that the variances are not equal, a variance I'7

stabilizing transformation may alleviate the homogeneity problem. Several -i

suggested variance stabilizing transformations are listed in the protocol ''
*under Culture and Testing Methods - Statistical Evaluations. .T

F.

... .. . . .. ..................................................
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Plot log Vi. versus log Si for i=O,1,...,k. If the plotted points fall

approximately on a straight line with slope b, then the variance stablizingm1

transformation Z=YI-A is called for. Important special cases are 0=1/2

(square root transformation) and 8=1 (logarithmic transformation).

E. Outlier Detection Tests - If the preliminary scatterplot indicates that the

standard deviation in each group is related to the meanthen outlier detection

* tests should be carried out subequent to any variance stabilizing transformations.

If the standard deviations are unrelated to the means then the outlier detection

tests should be carried out on the original responses. Calculate

...

Order the Dij's and plot the ordered values versus the normal scores of their

ranks, as described in Subsection I.J for the acute mortality data. That is,

if Rij is the rank of Dij then plot Dij versus l -1

i=O,...k, j=l,...ni.This produces a normal probability plot. If one

or more of the extreme residuals lie apart from a straight line fitted by eye

to the remaining residuals, they are considered potential outliers. -.

To determine whether there is any statistical evidence that these extreme

residuals are in fact outliers, we compare them with what would be expected

from the most extreme of N-(k+l) observations from a normal distribution with

mean 0 and standard deviation a. The value of a is estimated by

A

Let D denote the most extreme of the Dij's. Calculate

H--1
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If this value is less than 0.10 then there is at least marginal statistical

evidence that D is an outlier. Subsequent analyses might be carried out with

and without this value to determine its influence on the conclusions.

F. Multiple Conparison Procedures - One of the following multiple comparison

procedures should be performed to determine which treatment groups, if any,

differ from the control group. These procedures should be carried out

subsequent to any outlier detection tests or variance stabilizing

transformations. The symbol MSE refers to the mean square error estimate of

variance obtained from performing a one-way analysis of variance. A OV

computational formula for MSE is

!SE Y-

MSE can be obtained as the residual mean square in a one-way analysis of

variance. Calculate

S Y.:) .

* - 2. q

Dunnett's procedure. Bonferroni's procedure, and William's procedure are all

based on comparing the Ti's to appropriate critical values. This is directly .
analogous to the procedures described for the chronic mortality data. Follow

the procedures described in Subsection IIIF, but defining the Ti's as

described above.

H-42
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Williams' method is based on smoothed versions of Yi, to produce monotone

nonincreasing values YI.>Y2.>...>yk.. Follow the procedure described in

Subsection I.F to smooth the Yi,'s; however the order relations must be

interchanged.

See Miller (16,pp. 143-153] for a nonparametric multiple comparison procedure

that is analogous to Dunnett's procedure.

If the assumption that the mean response functionA(x) is nonincreasing is

reasonable, then Williams' procedure should be used due to its superior power

in detecting a true detrimental difference between a treatment group and the

control group.

The lowest concentration declared to have had a statistically significant

detrimental effect is the toxic concentration. The next lower concentration

is the no-significant-effect concentration.

G. After-the-Fact Power Calculations for the Bonferroni Multiple Comparisons

Procedure - An approximation to the probability that the average response in

the ith concentration group will be declared statistically significantly

different from the control group may be found as follows. Calculate the

noncentrality parameter

[ME'4 I/n,)'/l

Enter tables or graphs of the operating characteristics of the one-sided t-

test for a =0.05/k at noncentrality parameter 6 and degrees of freedom N-k-i.

The approximate power to detect a shift of the size v 0- p (xi) can then be read

from the table. When k=5, a = 0.01.

H-43
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If N is greater than 20, the following approximate formula may be used.

Power in excess of 0.80 is usually regarded as good sensitivity and power less

than 0.60 is generally regarded as poor sensitivity for detecting a shift of a

particular size.

H. Confidence Intervals for Differences Between Control Group and Treatment

Group Mean Responses - The following procedure may be used to construct ..

confidence intervals on the differences ,- , --... '

D&:.,(Z. between the control group mean response and the treatment group

mean responses. Calculate .

A - -Y

0. C.

IL
and obtain

T :t*(o.os;k,

from tables of the two-sided Dunnett multiple comparison procedure [11,12].

Then

TD .,D * r',bi+'"TTC:

is a set of simultaneous 95 percent confidence intervals for D1,D2,...,Dk

respectively.

!!-44
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VI. CHRONIC TEST LENGTH DATA EXAMPLE

A. Data Set - The following synthetic data set (Table 7) that simulates

lengths of surviving daphnids was randomly generated to conform to the chronic

test experimental design described in the protocol. A length measurement is

given for each daphnid that survived for 21 days.

TABLE 7. SYNTHETIC CHRONIC TEST LENGTH DATA SET

Concentration Lengths

Control 4.5,4.4,4.4,4.3,4.9
4.0,4.6,3.9,4.5

8.75 4.0,4.1,4.2,4.1,4.2
4.3,4.1,4.3

17.5 4.0,4.3,4.2,3.9,4.4
4.4,4.1

35 3.9,3.8,4.1,3.8,3.5
4.1

70 4.1,3.8,3.7

140 3.5,3.2

The number of survivors, mean and standard deviation are listed by group in

Table 8.
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TABLE 8. DESCRIPTIVE STATISTICS FOR THE CHRONIC TEST LENGTH DATA

Log Number of Average Standard
Concentration Concentration Survivors Length Deviation

Control 9 4.389 .302

8.75 2.169 8 4.163 .106

17.5 2.862 7 4.186 .195

35 3.555 6 3.867 .225

70 4.249 3 3.867 .208

140 4.942 2 3.350 .212

B. Preliminary Scatterplot - The individual length measurements are plotted

versus log-concentration in Figure 10 with a number indicating multiple points

in the same plotting position. Average lengths are also plotted using the

" symbol "M"

.',
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C. Tests of Homogeneity of Variance -Hartley's test is not appropriate here

since the sample sizes are not equal. The results for Bartlett's Test and

Levene's Test are listed below.

Bartlett's Test

MSE =0.049 C =1.140

B =6.17 X2(0.95,5)=11.1

Since 6.17 < 11.1, do not reject the hypothesis of homogenous

variances.

Levene's Test

DJ o.93921

S.Si43

it J*:I

F =0.83 F(0.95;5,29)=2.55

Since 0.83 < 2.55, do not reject the hypothesis of homogeneous

variances.

0. Outlier Detection Tests - A plot of the Dii values versus their normal

* scores is given in Figure 11. 1

"n
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FIGURE 11. NORNAL PROBABILITY PLOT OF LENGTH MEASUREMENTS

Since all the plotted points fall approximately on a straight line, no obser-

vations are identified as potential outliers.

E. Multiple Comparison Procedures -All three multiple comparison procedures

are illustrated. The value of MSE is 0.049.

Dunnett's Procedure - The T-values are T1=2.10, T2=1.82, T3=4.48,

T4-3.54, and T5=6.00. The one-tailed critical point is

t(O.05,5,29Yr't(0.05,5,30)=2.33. Thus concentrations 35, 10, and 140

had a statistically significant detrimental effect on length.

Bonfrroi'sProedue -The T-values are calculated as for Dunnett's

procedure but the critical point is t(0.0515;29)=t(0.01;29)z2.462.

Thus the conclusions are the same as for Dunnett's procedure.
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Williams' Method - The average lengths YI. and 72. are replaced by

their weighted average (4.173) so that the smoothed average lengzhs

are monotone decreasing. The T-values are T1=2.00, T2=1.93,
T3=4.48, T4=3.54, and T5=6.00. The critical point is t(0.05;5,29) =  ,-

t(0.05;5,28)=1.83. Thus by Williams' method, all 5 concentrations

had a statistically significant detrimental effect on length.

F. After-the-Fact Power Calculation for the Bonferroni Multiple Comparison

Procedure - Suppose that 1(xi) and v o, the true average lengths for the ith

treatment group and the control group, are 4.0 and 4.5, respectively, and

no=9,ni=8. The noncentrality parameter 6 is

4.5-4.0

[0.~~ -+.01

and the probability that the ith group will be declared statistically

significantly different from the control group is P [4.65 - 2.33] = 0.99

This calculation says that a true average length of 4.0 mm is almost certain

to be distinguished from the control group average length of 4.5 mm, if sample

sizes no=9 and n1=8 are achieved.

G. Confidence Intervals for Differences Between Control Group and Treatment

Group Mean Responses - The critical point for the confidence intervals is

T=t*(0.05;5,29)=2.66. The 95 percent confidence intervals are:

(-0.07, 0.50) for D1 v o - v.1

(-0.08, 0.51) for D2 = Po - v2

(0.21, 0.83) for D3 =Po - 3

(0.13, 0.91) for D4 11o - p4

(0.58, 1.50) for D 5 o - u 5

.~-..),

S .. . . . . . ... -
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TABLE 8. DESCRIPTIVE STATISTICS FOR THE CHRONIC TEST LENGTH DATA Z

Log Numbier of Average Standard
Concentration Concentration Survivors Length Deviation

Control 9 4.389 .302

8.75 2.169 8 4.163 .106 -

17.5 2.862 7 4.186 .195

35 3.555 6 3.867 .225

70 4.249 3 3.867 .208

140 4.942 2 3.350 .212

*B. Preliminary Scatterplot -The individual length measurements are plotted

versus log-concentration in Figure 10 with a number indicating multiple points

in the same plotting position. Average lengths are also plotted using the

* symbol "M".
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C. Tests of Homogeneity of Variance - Hartley's test is not appropriate here V.

since the sample sizes are not equal. The results for Bartlett's Test and

Levene's Test are listed below.

Bartlett's Test

MSE = 0.049 C = 1.140

B = 6.17 X2 (0.95,5)=11.1

Since 6.17 < 11.1, do not reject the hypothesis of homogenous
A

variances.

Levene's Test

JAI•

~Dj:S-5143

Z D 1 .4 ZZ

9 to J:1

F = 0.83 F(0.95;5,29)=2.55

Since 0.83 < 2.55, do not reject the hypothesis of homogeneous

variances.

0. Outlier Detection Tests - A plot of the Dij values versus their normal

scores is given in Figure 11.

H-48
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E. M'ultiple Comparison Procedures - All three multiple comparison procedures

are illustrated. The value of MSE is 0.049.

[kjnnett's Procedure -The T-values are T1=2.10, T2=1.82, T3-4.48,

T4-3.54, and T5-6.00. The one-tailed critical point is

t(O0.05,5,29Y't(O.05,5,30)=2.33. Thus concentrations 35, 70, and 140

had a statistically significant detrimental effect on length. .

*Bonferroni's Procedure - The T-values are cal cul ated as f or Ounnett s

procedure but the critical point is t(0.05/5;29)=t(0.01;29)w2.462.

Thus the conclusions are the same as for Dunnett's procedure.
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4~ Williams' Method - The average lengths 71. and Y2. are replaced by

their weighted average (4.173) so that the smoothed average lengths r
are monotone decreasing. The T-values are TI=2.00, T2=1.93,

T3=4.48, T4=3.54, and T5=6.00. The critical point is t(0.05;5,29)=

t(0.05;5,28)=1.83. Thus by Williams' method, all 5 concentrations

had a statistically significant detrimental effect on length.

F. After-the-Fact Power Calculation for the Bonferroni Multiple Comparison

Procedure - Suppose that .(xi) and wo, the true average lengths for the ith

treatment group and the control group, are 4.0 and 4.5, respectively, and

no=9,ni=8. The noncentrality parameter 6 is

-4 2_4.5.0 4.65

and the probability that the ith group will be declared statistically

significantly different from the control group is (4.65 -2.331 = 0.99

This calculation says that a true average length of 4.0 mm is almost certain

to be distinguished from the control group average length of 4.5 mm, if sample

sizes no=9 and n1=8 are achieved.

G. Confidence Intervals for Differences Between Control Group and Treatment

Group Mean Responses - The critical point for the confidence intervals is

T-t*(0.05;5,29);2.66. The 95 percent confidence intervals are:

(-0.07, 0.50) for DI v zo -iui

(-0.08, 0.51) for D2 =Po - P2

(0.21, 0.83) for D3 -Po - v 3

(0.13, 0.91) for D4 =1o - p 4
" (0.58, 1.50) for D5 Vio - u5
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Springborn Bionomics, Inc.



J R . 7 W. 7rr.w UY W U - -~~.~

2 25

Table 1. Analytical results for the accuracy of the pentachiorophenol

analysis.

Nom inal1 Anal yt ical
concentration result

,q/ML) (jig/ML) recovery

control A <0.0030 N/A

B <0 .0 0 30 N/A

C <0.0030 N/A

D <0.0030 N/A

E < 0 .0 0 30 N/A

0.0050 A 0.0060 120

B 0.0058 116 *

C 0.0078 156

D 0.0052 104

E 0.0050 100

0.025 A 0.025 100

B 0.025 100

C 0.026 102

D 0.027 109

F;0.026 102

0.10 A 0.096 96

B0.10 100

C 0.10 100

D 0.099 99

E 0.099 98 I

0.42 A 0.39 93

B 0.40 95

C 0.40 95

D 0.40 95

E 0.40 95

Av.eracie recov.ery -104 14.
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Table 2. Analytical results for the precision of the pentachloro-

phenol analysis.

Day 1 Day 2 Day 3

Ncu nal Analytical Analytical % Analytical %
concent rat ion result recovery result recovery result recovery

(.i; ( .':L) ( iHj/nL ) (,gAnL) (;:g~nU)

0.025 A 0.024 96 0.026 104 0.024 96

0.025 A 0.026 104 1 0.026 104 0.026 104

0.025 A 0.025 100 0.024 96 0.027 108

0.025 A 0.025 100 0.024 96 0.027 108

0.025 A 0.025 100 0.024 96 0.027 108

Mean (Std. 100(2.8) 99(4.4) 105(5.2)
Dev.

0.42 A 0.38 90 0.40 95 0.40 95

0.42 A 0.38 90 0.41 98 0.39 93

0.42 A 0.38 90 0. 39 93 0.40 95

0.42 A 0.38 90 0.38 90 0.40 95

0 .42 A 0.38 90 0.40 95 0. 39 93

Mean (Std. 90(0) 94(2.9) 94(l.1)
UDev .

Mean recovery for 3 days = 97 _ 5.7.

...................... .........-... •.....:...,...•...'-....-.
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Table 3. Results of accuracy and precision studies conducted with

the sodium pentachlorophenate/glacial acetic acid mixture

(unknown 658) and copper chloride (unknown 852).

NaPCP/GAA - ACCURACY

Nominal concentration (mg/L) RI.

1.0 3.0 6.0 10

Measured 1.1 2.8 5.5 10
concentration
(mg/L) 1.0 2.8 5.8 10

1.1 2.7 5.8 11

1.1 2.7 6.3 10

1.1 2.7 6.4 11

x S.D. 1.08 0.04 2.74 0.05 5.96 0.34 10.4 0.49
(meas. as % of (108) (91) (99) (104)
nominal)

PRECISION

Nominal concentration (r.-/.L)

3.0 10

Day 1 2.7 9.9

measured 2.6 9.8
concentration
(rag/L) 2.7 9.9

2.7 9.9

2.7 9.8

2.7 10.1

2.7 10.1

2.7 10.9

2.7 10.9

2.6 10.9

x S.D. 2.G 30 .04 10 .20 .43 31

(..as. as of U",) (102) 4
nominal)

.p............. .............................................



Table 3 continued

NaPCP/GAA -PRECISION (cont.)

Nominal concentration (mg/L)

Day 2 2.6 10.2

2.6 10.4.-

Measured
concentration 2.6 10.4
(rmg/L)

2.6 10.1

2.6 10.2

2.6 a

2.6 1.

2.6 10.5

2.6 1.

Da 32.7 10.5

2.6 10.5

x conenraio 2.6± 130.4

Dy32.6 10.5

2.6 10.2

cnetain2.6 10.7

2.6 10.7

2.6 10.9

-2.7 10.7

2.7 10.7

*x S.D. 2.6 3'0. 05 10. 60.11)

*(nvas. as of ncrniinal) (R)(106)

2I



Table 3 continued 229

CuCL,- ACCRACYNominal concentration (Mg/L)

10 30 50 100

r~srd9.1 28 45 94

cnetain10 28 47 88
(rrg/L)

9.1 30 49 70

9.1 29 49 70

9.1 29 49 70.

*x ±S.D. 9.28±-0.40 28.8±0.84 47.8±1.8 78.4±11.7
(me~as. as % of (93) (96) (96) (78)
nomninal

PRECISION
Nominal concentration (mg/L)

30 50

*Dayl1 26 46

26 47
Measured
concentration 26 46
(rwj/L')

26 46

26 48

26 48

25 48

28 48

27 48

27 48

x SD 26.3±0.82 47.3±0 .95
(me~as. as % of ncrninal) (88) (95)
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Table 3 continued

CuC1 2 -PRECISION (cant.)

Nominal concentration (Mg/L)

*30 50

Day 2 30 50

~.asred30 52
*concentration 30 52
* (Mg/L)

30 52

30 51

30 51

30 51

31 51

30 51

31. 51
x t S. D. 30.2±0.42 51.2±0.63
(meas. as % of ncminal) (101) (102)

Day 3 30 49

30 51
Measured
concentration 30 52

K (mg/L)
30 51

30 52

28 52

30 54

31 53

30 53.

30 53

x S. D. 29.9#0.74 52.1,1.5

(rrcas. as 75 of nomi~nal) (100) (104)

ampl lost.
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Table 4. Results of accuracy and precision analyses of the CuC:
2

GAA mixture (unknown #124).

"-" ACCURACY'"
ACUAYNominal Concentration (pg/L)

5.0 20 50 100

Measured 6.0 17 48 120
concentration 510-"5.0 17 51 100

'-" (Og/L) " [
i/5.0 20 51 80

5.0 19 52 80

5.0 19 51 100

x±S.D. 5.2±0.45 18±1.2 51±1.5 96±17
(mean as % of (104) (90) (102) (96)
nominal)

Nominal Concentration (g/L)

5.0 50

DAY 1 6.0 47

Measured 5.0
concentration 5.0 52

4.0 54

5.0 52

5.0 51

5.0 50

6.0 51

5.0 51

5.0 51

jR±S.D. 5.1±0.57 51±1.8
(mean as % of (102) (102)
ncminal)

01,.
117,
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Table 4 continued.

Nominal Concentration (pig/L)

5.0 50

DAY 2 7.0 50
6.0 52

Measured
concentration 4.0 52
(g/L) 405

4.0 53 1
4.0 52

4.0 53

6.0 53

4.0 52

4.0 53

-M±S. D. 4.7±1.2 52 ±0 .95
(me~an as % of (94) (104)
nonuinal)

Nominal Concentration (pig/L)

5.0 50

DAY 3 5.0 50

Measured 405
concentration 3.0 53
(Wig/L) 3.0 53

2.0 53

3.0 52

3.0 52

7.0 52

5.0 52

5.0 52

R+S.D. 4.0,1.5 52 0.92
(jiwan as of (80) (104)
nominal)

- - - - - - - - -
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TABLE 1. Results of the sample stability analyses conducted over
a 120-day holding period.

*NaPCP Expected Measured%
Concentration Concentration Recovery

Day (mg/L) (mg/L)

0 1.0 1.09 109

1.0 1.09 109

2.0 2.09 104

2.0 2.09 104

30 1.0 1.33 133

1.0 1.36 136

2.0 2.59 130

2.0 2.57 128

60 1.0 1.10 119

1.0 1.10 110
2.0 2.12 106

2.0 2.12 106

90 1.0 1.10 110

1.0 1.10 110

2.0 2.12 106

2.0 2.14 107

120 1.0 1.11 il

1.0 1.11 1ii

2.0 2.12 106

2.0 2.15 108

| I.
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TABLE 1. (Cont.)

NaPCP/GAA Expected Measured%
(Compound #658) Concentration Concentration Recovery

*(mg/L) (mg/L)

1.0 1.11 ill

2. .. 1

2.0 2.21 110

20 .0 2.21 110

301.0 1.22 122

1.0 1.22 122

2.0 2.36 118

20 .0 2.36 118

601.0 1.12 112

2.0 2.20 110

2.0 2.20 110

90 1.0 1.15 115

1.0 1.15 115 .

2.0 2.23 112

2.0 2.20 110

120 1.0 1.18 118

1.0 1.20 120

2.0 2.28 114

2.0 2.30 115



*TABLE 1. (Cant.)

CUC12  Expected Measured%
(Coumpound #852) Concentration Concentration Recovery

Day (mg/L) (mg/L)

0 1.0 1.09 10

01.0 1.09 109

1.0 210 109

2.0 2.10 105

20 .0 121 105

301.0 1.23 123

1.0 1.25 125

2.0 2.29 114

20 .0 2.29 114

601.0 1.10 110

1.0 1.10 110

2.0 2.19 110 4

20 .0 2.19 110

901.0 1.10 110

1.0 1.10 106

2.0 2.12 106

120 1.0 1.12 112

1.0 1.12 112

2.0 2.15 108

2.0 2.17 108 F
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*TABLE 1. (Cont.)

CuC12 GA Expected Measured%
*(compound #124) Concentration Concentration Recovery

Day (rng/L) (mg/L)

0 1.0 1.06 106I

1.0 1.04 104

2.0 2.09 104

2.0 2.11 106

30 1.01.111

1.0 11 1

2.0 2.13 106

2.0 2.17 108

60 1.0 1.10 110

1.0 1.10 110

2.0 2.19 110

2.0 2.19 110

90 1.0 1.10 110

1.0 1.10 110

2.0 2.14 107

2.0 2.16 108

120 1.0 11 1

1.0 1.13 113

2.0 2.21 110

2.0 2.21 110

% %r
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APPENDIX 5

Results of the Analysis of Concentrations Measured

During Testing at the Various Collaborative Laboratories.

All Analyses were Performed at

Springborn Bionomics, Inc.

7.
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I APPENDIX 6

Results of Fortified Quality Assurance

Blind samples

Conducted at

Springborn Bionomics, Inc.
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TABLE 1. Results of NaPCP fortified quality assurance blind samples
analyzed concurrently with each laboratory's samples.
Results are presented as mg,/L of the tracer fluorescein.

Nominal Measured % of
Day Concentration Concentration Nominal

(mg/L) (mg/L)

Laboratory #1

0 --a

14 ......

21 .. "..--

< Laboratory #2

0 1.00 0.95 95

7 1.00 1.14 114

14 1.00 1.10 110

21 1.00 1.11 1i1 ..-

21 1.00 1.12 112

Laboratory #3

0 1.0 0.70 70

7 1.0 0.78 78

14 1.0 0.98 98 I

21 1.0 1.00 100

Laboratory #4

0 1.00 0.65 65

7 1.00 1.08 108

14 1.00 1.10 110

21 1.00 1.08 108

% j. ,".7



2 80

TABLE 1. (Cont.)

Nominal Measured % of

Day Concentration Concentration Nominal
(mg/L) (mg/L)

Laboratory #5

0 1.00 0.50 50

7 1.00 void (air bubble)

14 1.00 1.10 110

21 1.00 1.11 i11

21 1.00 1.23 123

Laboratory #6

0 1.00 0.68 68

7 1.00 0.58 58

14 1.00 0.50 50

21 1.00 0.50 50

Laboratory #7

Test #1

0 2.0 2.8 140

7 0.8 0.55 69

14 0.8 0.65 81

21 1.0 0.87 87

Test #2

0 10 1b0 i018 180

7 1.0 0.71 71

14 1.0 0.76 76

21 1.0 0.84 84
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TABLE i. (Cont.)

Nominal Measured % of
Day Concentration Concentration Nominal

(mg/L) (mg/L)

Laboratory #8

0 1.00 0.54 54

7 1.00 0.53 53

14 1.00 1.06 106

21 1.00 1.04 104

21 1.00 1.04 104

Laboratory #9

0 1.00 1.09 109

7 1.00 1.07 107

7 1.00 1.04 104

14 1.00 1.09 109

* 21 1.00 1.04 104

21 1.00 1.07 107

Laboratory #10

0 0.50 0.51 102

7 1.50 1.60 107

14 0.50 0.50 100

14 1.50 1.60 107

21 0.50 0.50 100

21 1.50 1.58 105

I .. '

,dii[l
1%

1, •



| -- . lr rr fl.

TABLE 1. (Cont.)

Nominal Measured % of
Day Concentration Concentration Nominal

(mg/L) (mg/ L) 31,.

Laboratory #11

0 0.50 0.50 100

7 1.50 1.50 100

14 1.50 1.47 98

14 1.50 1.34 89

21 0.50 0.46 92

21 0.50 0.43 86

21 1.50 1.61 107

aNo QA samples were analyzed with this laboratory's samples.

:3Based upon Chauvenet's criterion for rejection of outliers, this
sample was rejected, and not used in the calculation of the mean.

Mean and standard deviation = 94±21%
(n 53)

~I --

". -

.......................................................
..................................................
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TABLE 2. Results of NaPCP/GAA (unknown #658) fortified quality
assurance blind samples analyzed concurrently with each
laboratory's samples. Results are presented as mg/L of
the tracer fluorescein.

Nominal Measured % of
Day Concentration Concentration Nominal

(mg/L) (mg/L)

Laboratory #1

0 0.50 0.54 108

0 1.50 1.69 113

7 0.50 0.53 106

14 1.50 1.68 112

21 0.50 0.53 106

Laboratory #2

0 of 1 0.50 0.47 94

0 1.50 1.48 99

7 1.50 1.64 109

14 0.50 0.49 98

21 0.50 0.50 100

Laboratory #3

0 0.50 0.50 100

0 1.50 1.60 107

7 0.50 0.49 98

7 1.50 1.62 108

14 0.50 0.50 100

21 0.50 0.43 86

21 1.50 1.48 98

.
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TABLE 2. (Cont.)

Nominal Measured %of
Day Concentration Concentration Nominal '

(mg/L) (mg/L)

Laboratory #4

0 0.50 0.42 84

0 1.50 1.50 100

8 0.50 0.50 100 .

8 1.50 1.56 104

*15 0.50 0.51 102

*15 1.50 1.55 103

*21 1.50 1.57 105

Laboratory #5

0 0.50 0.49 98

*0 1.50 1.58 105

7 0.50 0.47 94

7 1.50 1.52 101

14 0.50 0.44 88 '

14 1.50 1.50 100

*21 0.50 0.53 106

*21 1.50 1.68 112

Laboratory #6

0 0.50 0.51 102

0 1.50 1.62 108

7 0.50 0.46 92

7 1.50 1.59 106

14 1.50 1.64 109

14 0.50 0.44 88

21 0.50 n.44 88
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TABLE 2 (Cont.)

Nominal Measured % of
Day Concentration Concentration Nominal

(mg/L) (mg/L)

Laboratory #7

0 1.00 1.10 110

0 1.00 1.00 100

8 1.00 1.06 106

8 1.00 1.06 106

14 1.00 1.10 110

, 14 1.00 0.96 96

21 1.00 0.94 94

21 1.00 1.10 110

Laboratory #8

0 0.50 0.46 92

0 0.50 0.53 106

8 0.50 0.42 84

8 1.50 1.47 98

15 0.50 0.42 84

15 1.50 1.47 97

20 1.50 1.59 106

21 0.50 0.48 96

21 1.50 1.50 107

Laboratory #9

0 0.50 0.50 100

0 1.50 1.59 106

7 0.50 0.47 94

14 1.50 1.51 101

21 0.50 0.48 96

21 1.50 1.56 104

*,,. ... o"-","-." . 5-."-....--. -" , % " " -""2 -"-" ", " € '- " ",". - ,," ."f "
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TABLE 2. (Cont.)

*Nominal Measured % of .
*Day Concentration Concentration Nominal

(mg/ L) (mg/L)

Laboratory #10

*0 0.50 0.55 110

*0 1.50 1.68 112

7 0.50 0.49 981

*7 1.50 1.47 98

14 0.50 0.49 98

14 1.50 1.57 105

-21 0.50 9.49 98

21 1.50 1.58 105

Laboratory #11

*0 0.50 0.49 98

*0 0.50 0.48 96

0 1.50 1.61 107

-7 0.50 0.47 94

7 0.50 0.47 94

7 1.50 1.51 101

14 0.50 0.49 98

* 21 --.a --

aNo samples submitted by this laboratory on this day.

Mean and standard deviation -101±7%

(n=78)
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TABLE 3. Results of CuCl 2 (unknown #852) fortified quality
assurance blind samples analyzed concurrently with
each laboratory's samples. Results are presented
as mg/k of the tracer fluorescein.

.ominal Measured % of
Day Concentration Concentration Nominal

(mg/L) (mg/L)

Laboratory #1

0 0.50 0.41 82

0 1.50 1.44 96

8 0.50 0.39 78

8 1.50 1.43 95

15 0.50 0.41 82

15 1.50 1.45 97

21 0.50 0.41 82

Laboratory #2

0 0.50 0.47 94

0 0.50 0.47 94

5 0.50 0.57 114

5 1.50 1.59 106

12 0.50 0.47 94

12 0.50 0.49 98

21 0.50 0.45 90

- Laboratory #3

0 0.50 0.53 106

7 0.50 0.52 104

14 0.50 0.45 90

21 a -.- ---
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TABLE 3. (Cont.)

Nominal Measured % of 5
Day Concentration Concentration Nominal I.y

(mg/L) (mg/L)

Laboratory #4

0 0.50 0.55 110

0 1.50 1.15 110

6 0.50 0.48 96

6 1.50 1.59 106

" 13 0.50 0.49 98

21 __b ....

Laboratory #5

0 0.50 0.40 80

0 1.50 1.46 97

7 1.50 1.44 96

14 0.50 0.42 84

14 1.50 1.43 95

21 0.50 0.55 110

21 1.50 1.65 110

Laboratory #6

0 0.50 0.47 94

" 0 0.50 0.47 94

7 0.50 0.46 92

7 0.50 0.55 110

14 0.50 0.45 90

14 0.50 0.45 90

21 0.50 0.45 90
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TABLE 3 . (Cont.)

Nominal Measured % of
Day Concentration Concentration Nominal

(mg/L) (mg/,L)

* Laboratory #7

* 0 a

47 1.00 1.10 110

14 1.00 0.69 69

21 0.50 0.64 128

* Laboratory #8

*0 0.50 0.53 106

*8 0.50 0.47 94

*15 0.50 0.45 90r

*15 0.50 0.46 92

20 0.50 0.45 90

20 0.50 0.45 90

- Laboratory #9

.40 0.50 0.45 90

*7 0.50 0.40 80

*7 1.50 1.45 97

*14 0.50 0.39 78

*14 1.50 1.42 95.-

21~~~ 0.0 .0.0

-21 0.50 0.50 100

* 21 .50 052 10
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TABLE 3 .(Cont.)

*Nominal Measured % of
Day Concentration Concentration Nominal

(mg/L) (mg/ L)

* Laboratory #10

0 0.50 0.55 110

0 1.50 1.65 110

7 0.50 0.58 116

-7 1.50 1.65 110

*14 0.50 0.49 98

*21 0.50 0.49 98

* Laboratory #11

0 0.50 0.56 112

7 0.50 0.51 102

7 1.50 1.59 106

14 1.50 1.57 105

21 - a --

* aNo samples analyzed

bNo samples provided

* Mean and standard deviation -97±11

(n=62)
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TABLE 4. Results of CuCI2/GAA (unknown #124) fortified quality
2assurance blind samples analyzed concurrently with each

laboratory's samples. Results are presented as mg/ of
the tracer fluorescein.

Nominal Measured % of

Day Concentration Concentration Nominal
(mg/L) (mg/L)

Laboratory #1

0 0.50 0.41 82

0 1.50 1.43 95

7 0.50 0.41 82

14 1.50 1.44 96
.". . "

21 0.50 0.41 82

21 1.50 1.46 97

Laboratory #2

0 0.50 0.49 98

0 1.50 1.56 104

8 1.50 1.56 104

14 0.50 0.49 98

14 1.50 1.56 104

21 0.50 0.49 98

Laboratory #3

0 0.50 0.50 100

0 1.50 1.58 105

6 0.50 0.50 100

6 1.50 1.60 107

13 0.50 0.50 100

21 1.50 1.59 106
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TABLE 4. (Cont.)

Nominal Measured % of
Day Concentration Concentration Nominal

(mg/L) (mg/L)

Laboratory #4

0 0.50 0.51 102

0 1.50 1.47 98

7 0.50 0.51 102

7 1.50 1.46 97

18 0.50 0.47 94

21 0.50 0.51 102

21 1.50 1.46 97

Laboratory #5

0 0.50 0.49 98

0 1.50 1.58 105

7 0.50 0.46 92

7 1.50 1.57 105

14 0.50 0.51 102

14 1.50 1.58 105

21 0.50 0.52 104

21 1.50 1.62 108

Laboratory #6

0 0.50 0.47 94

0 1.50 1.60 107

7 0.50 0.48 96

7 1.50 1.60 107

14 1.50 1.60 107

21 0.50 0.49 98

21 1.50 1.54 103

• °
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TABLE 4. (Cont.)
4.

Nominal Measured % of
Day Concentration Concentration Nominal

(mg/L) (mg/L)

Laboratory #7

0 1.00 1.20 120

7 1.00 1.10 110

14 0.50 0.38 76

14 1.50 1.43 95

21 0.50 0.41 82

21 1.50 1.42 95

Laboratory #8

0 0.50 0.47 94

7 0.50 0.49 98 ."

7 1.50 1.57 105 :"

14 1.50 1.57 105

14 0.50 0.47 94

21 1.50 1.58 105

Laboratory #9

0 0.50 0.48 96

0 1.50 1.59 106

7 0.50 0.47 94

7 1.50 1.59 106 C.

14 0.50 0.49 98

14 1.50 1.60 107

21 1.50 1.58 105

.-....
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TABLE 4. (Cont.

Nominal Measured % of
Day Concentration Concentration Nominal

(mg/L) (mg/L)

[" Laboratory #10

0 1.50 1.59 106

0 0.50 0.50 100

7 0.50 0.49 98

7 1.50 1.56 104

14 0.50 0.51 102

14 1.50 1.57 105

21 0.50 0.51 102

21 1.50 1.60 107

Laboratory #11

0 0.50 0.48 96

0 1.50 1.58 105

7 0.50 0.47 94

7 1.50 1.58 105

14 0.50 0.47 94

14 1.50 1.59 106

a
21 .....

aNo samples provided

Mean and standard deviation - 100±7
(n=74)
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