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Standard Guide for
Conducting Three-Brood, Renewal Toxicity Tests with
Ceriodaphnia dubia *

This standard is issued under the fixed designation E 1295; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope * priate safety and health practices and determine the applica-

1.1 This guide describes procedures for obtaining dat&ility of regulatory limitations prior to useSpecific hazard
concerning the adverse effects of an effluent or a test materigtatéments are given in Section 8.
(added to dilution water, but not to food) dBeriodaphnia 1.5 This guide is arranged as follows:
dubiaRichard 1894, during continuous exposure throughout a Section
portion of the organism’s life. These procedures should also bReterenced Documents

2
useful for conducting life cycle toxicity tests with other Terminology 3
Cladocera (Guide E 1193), although modifications will beSummary of Guide 4
Significance and Use 5
necessary. _ ~ Apparatus 6
1.2 These procedures are applicable to most chemicals,Facilties _ 6.1
either individually or in formulations, commercial products, or %Srlsgﬁggfg‘e:‘ga‘e”a's 2'§
known mixtures, that can be measured accurately at thecieaning 6.4
necessary concentrations in water. With appropriate modificeReagents and Materials 7
tions these procedures can be used to conduct tests @ﬂjﬁg‘r’f\,vater g
temperature, dissolved oxygen, p_H, and on such materials ASRequirements 9.1
aqueous effluents (see also Guide E 1192), leachates, oilssource 9.2
particulate matter, sediments (see also Guide E 1383), andjcamen o
surface waters. Renewal tests might not be applicable t@s;material 10
materials that have high oxygen demand, are highly volatile, General 101
are rapidly biologically or chemically transformed, or sorb to  fock Soluton o2
test chambers. If the concentration of dissolved oxygen falls Test concentration(s) 10.4
below 4 mg/L or the concentration of test material decreases by Collection 105
more than 20 % in test solution(s) between renewals, more S2mPle Containers oo
frequent renewals might be necessary. Treatment 10.8
1.3 Other modifications of these procedures might be justiTest Organisms 1
fied by special needs or circumstances. Results of tests con2Pe”*® o
ducted using unusual procedures are not likely to be compa-source 1.3
rable to results of many other tests. Comparisons of results Bro?jd Stock 11.4
obtained using modified and unmodified versions of these oo o
procedures might provide useful information on hew concepts Quaity 1.7
and procedures for conducting three-brood toxicity tests withrocedure 12
C. dubia Demonstration of Feasibility 121
' . Experimental Design 12.2
1.4 This standard does not purport to address all of the pissolved Oxygen 123
safety concerns, if any, associated with its use. It is the ;emperaw;e o g‘s‘
e . . reparing Test Solutions .
responsibility of the user of this standard to establish appro- o, iioning Test Chambers 126
Beginning a Test 12.7
Renewing Test Solutions 12.8
Lo o o ) . . Duration of Test 12.9
This guide is under the jurisdiction of ASTM Committee E47 on Biological  Bjological Data 12.10
Effects and Environmental Fate and is the direct responsibility of Subcommittee Other Measurements 12.11
E47.01on Aquatic Toxicology. Analytical Methodology 13
Current edition approved Dec. 10, 2001. Published February 2002. OriginallyAcceptability of Test 14

published as E 1295 — 89. Last previous edition E 1295 — 89(1995).

*A Summary of Changes section appears at the end of this standard.
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Calculation 15 solution before completing the release of a brood, resulting in
Report 16 split broods. Care is needed when interpreting the results to
Appendixes 1 determine the number of broods released during a test.
Culture Techniques X2 3.3 For definitions of other terms used in this standard, refer
Test Chambers X3 to Guide E 729, Terminology E 943, and Guide E 1023. For an
Statistical Guidance x4 explanation of units and symbols, refer to Practice E 380.

2. Referenced Documents

2.1 ASTM Standards:
D 1193 Specification for Reagent Water

4. Summary of Guide

4.1 At the beginning of the test, at least t€n dubialess
D 3978 Practice for Algal Growth Potential Testing with than 24-h oldlare maintained individually in separate test
Selenastrum Capricornutdin chambers (or in separate compartments in two or more test
E 380 Practice for Use of the International System of UnitsChamberS.)' exposed to C(.)erI water and one (preferably 2 or
(SI) (the Modernized Metric Systeh) more) toxicant concentrations. One or more control treatments
E 729 Guide for Conducting Acute Toxicity Tests with may be used. Control treatments may include standard labora-
Fishes, Macroinvertebrates, and Amphibfans tory water.only, or some comb|nat|o_n of standard water(s) and
E 943 Terminology Relating to Biological Effects and En- uncqntammated site w.ater, to provide a measure of organism
vironmental Eate surV|vaI and reproduction baseq on specific test water condi-
E 1023 Guide for Assessing the Hazard of a Material tolons, such as hardnes;, a!kahmty, aqd SO forth. A control
Aquatic Organisms and Their Uses treatment consists of maintaining organisms in water to which
E 1192 Guide for Conducting Acute Toxicity Tests on no test matenial has be_e_n added in orde_r to pro‘_’“’"?a(_
Aqueous Ambient Samples and Effluents with Fishes’measure of_the acceptability of_the test by giving an_llnd|cat|on
Macroinvertebrates, and Amphibidns of th_e quality of the test organisms and the suitability of the
E 1193 Guide for Conducting Renewal Life-Cycle Toxicity dilution water, food, tes'; cond'mons, hgndllng proce'dures, and
Tests withDaphnia magna so forth, and If) the basis for interpreting data obtained from

E 1383 Guide for Collecting Sediment Toxicity Test with the other treatments. In each of the other treatments the ten
Fresh Water Invertebrafs organisms are maintained in water to which a selected concen-

E 1706 Test Methods for Measuring the Toxicity of tration of test material (percentage of effluent or river, or lake

Sediment-Associated Contaminants with Eresh Water m\_/vater) has been added. Specified data on the concentration of
vertebrated test material and the survival and reproductiorCofdubiaare

collected and analyzed to determine the effect of the tested
concentration (% effluent or ambient water) 6ndubia
4.2 Table 11)° contains a summary of the conditions used
hen conducting a three-brood test wEhdubia Table 2 and
é;?ction 14 list the requirements that need to be met for a test
Q be deemed acceptable.

3. Terminology

3.1 The words “must,” “should,” “may,” “can,” and “might”
have very specific meanings in this standard. “Must” is used t
express an absolute requirement, that is, to state that the tﬁ
has to be designed to satisfy the specified condition, unless t
purpose of the test requires a different design. “Must” is onlyg Significance and Use
used in connection with factors that directly relate to the
acceptability of the test (see Section 14). “Should” is used t
state that the specified condition is recommended and has to
met in most tests. Although a violation of one “should” is

rarely a serious matter, violation of several will often render th 52 Protection of a population requires prevention of Unac
results questionable. Terms such as “is desirable,” “is often ™ pop q P

desirable,” and “might be desirable” are used in connectiorfedptaé)le Ieffefcttr? ct)n the.number, W?'gr}t’ heg.lt?],t?]ndt ustes of .the
with less important factors. “May” is used to mean “is (are)In lviduals of tha spSCIeAsihorspECIez tor\_/v_tlct te' es sgec:ez
allowed to,” “can’ is used to mean ‘“is (are) able to,” and serves as a surrogate. ree-brood toxicity test is conducte

“might” is used to mean “could possibly.” Thus the classicto help determine changes in survival and the number of
distinction between “may” and “can” is preserved, and “might” neonates produced that result from exposure to the test

: : material.
is never used as a synonym for either “may” or “can.” - _—
3.2 A brood refers, collectively, to the young neonates 5.3 Results of three-brood toxicity tests with dubiamight

released at the time of adult molt by the young/adult animaPe used to predict chronic or partial chronic effects on species

originally exposed to the control and test solutions. The field situations as a result of exposure under comparable

number of young in each brood should increase over the perio%ond't'ons'

of the test. Animals may be transferred to fresh control or tesE) 54 Results O.f three-brooq tOXiCitY tests w(ﬂnt_jubiamight .
e compared with the chronic sensitivities of different species

and the chronic toxicities of different materials, and to study

5.1 Ceriodaphniawas first used as a toxicity test organism
¥ Mount and Norberd4). Introduced for use in effluent and
ambient water evaluationg;eriodaphniahave also been a
evaluable addition to single chemical test procedures.

2 Annual Book of ASTM Standardgol 11.01.

2 Annual Book of ASTM Standardgol 11.05.

4 Annual Book of ASTM Standardsol 14.02; excerpts in gray pages of Vol 5 Boldface numbers in parentheses refer to the list of references at the end of this
11.04. guide.
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TABLE 1 Test Conditions for Conducting Three-Brood Toxicity

Tests with Ceriodaphnia dubia

Test Criteria Specification

1) Test Type Whole effluent, receiving water or
reference toxicity test, or both, with
static-renewal of test solution.

4) Test Duration 6-8 days, when 60% of control
animals produce 3 broods

3) Temperature 25°C (= 1°C)

4) Photoperiod 16 h light: 8 h dark, ambient
laboratory light levels

5) Test Chamber Size 30 mL

6) Test Solution Volume 15 mL

7) Renewal of Test Solution every 24 or 48 hours

8) Age of Test Organisms < 24h old neonates, within 8-12h of
same age

9) No. Organisms/Test Chamber 1

10) No. Replicate Test Chambers/ 10

treatment

11) Feeding Regime Feed 0.1 mL each natural food and
synthetic food

12) Test Solution Aeration None

13) Dilution Water Any appropriate water as determined
by purpose of test. See Section10 for
additional guidance.

14) Test Chamber Cleaning Brush and rinse cups between uses.

15) Test Concentrates Test Dependent

16) Biological Variables Survival and reproduction

17) Test Acceptability 90% or greater control survival = 15
young/female in controls

TABLE 2 Test Acceptability Requirements for Three-Brood
Toxicity Test with  Ceriodaphnia dubia

A The following performance criteria must be met when conducting a
three-brood test withCeriodaphnia dubia. Additional criteria listed in
Section 14.
1. All C. dubia used in the test must be less than 24-h old and from
the same broodstock.
2. The average survival of the C. dubia exposed in the control
sample must be = 90%.
3. At least 60% of the control animals must produce 3 broods in 8
days ( 7 days preferred), with the 3 brood average = 15 young/
female.
4. All measured dissolved oxygen reading must be between 4.0 and
8.4 mgl/L.
5. All test containers must be the same and must be randomly
assigned to the control or test treatment.
6. Test animals must be randomly assigned to a control or test
treatment replicate test chamber.
7. If required, a solvent control treatment must be included with
each test.

B. The performance based criteria for culturing C. dubia include:

1. Seven day, three brood reference toxicity testing should be
performed on a monthly basis. If not performed on a monthly, it
might be desirable to perform a reference toxicant test concurrently
with any 7 day 3 brood test with chemicals or environmental
samples. If tested concurrently, both tests must use the same lot of
test animals and same control/dilution water.

2. Survival and reproduction of the culture animals should be
tracked and recorded. Culture restarts should be tracked in this
same logbook.

3. Characteristics such as pH, hardness, alkalinity, conductivity,
dissolved oxygen and temperature should be recorded for each
batch of culture water.

4. Water and food should be routinely analyzed for background
contamination. This can include chemical analysis, as well as side-
by-side testing of new and old lots of food and water to determine
the suitability of the new food and water for use in culture or testing,
or both.

5.5 Results of three-brood toxicity tests with dubiamight
be useful for predicting the results of chronic tests on the same
test material with the same species in another water or with
another species in the same or a different water. Most such
predictions are based on the results of acute toxicity tests, and
so the usefulness of the results of a three-brood toxicity test
with C. dubiamight be greatly increased by also reporting the
results of an acute toxicity test (see Guides E 729 and E 1192)
conducted under the same conditions. In addition to conducting
an acute test with unfe@. dubig it might also be desirable to
conduct an acute test in which the organisms are fed the same
as in the three-brood test, to see if the presence of that
concentration of that food affects the results of the acute test
and the acute chronic ratio (see 10.4.1).

5.5.1 A 48 or 96-h EC50 or LC50 can sometimes be
obtained from a three-brood toxicity test with a known test
material, but often all the concentrations in the test will be
below the EC50 or LC50. In addition, it is usually desirable to
know the EC50 or LC50 before beginning the three-brood test,
as a means to determine the concentrations for use in the
chronic test (see 10.4.1). It should be noted that results from an
acute test may not necessarily correspond to those of a chronic
test, due to the addition of food to the chronic test.

5.6 Three-brood toxicity tests wit@. dubiamight be useful
for studying biological availability of, and structure activity
relationships between, test materials.

5.7 Results of three-brood toxicity tests with dubiacan
vary with temperature, quality and quantity of food, quality of
the dilution water, condition of the test organisms, and other
factors.

5.8 Results of three-brood toxicity tests with dubiamight
be an important consideration when assessing the hazards of
materials to aquatic organisms (see Guide E 1023), or when
deriving water quality criteria for aquatic organisms.

6. Apparatus

6.1 Facilities—Culture and test chambers should be main-
tained in a constant temperature room, incubator, or recircu-
lating water bath. If dilution water is not prepared batchwise, it
is usually piped directly from the source of an elevated
headbox so it can be gravity-fed into culture tanks and
containers used to prepare test solutions. Strainers and air traps
should be included in the water supply system. The head-box
should be equipped for temperature control and aeration. Air
used for aeration should be free of fumes, oil, and water; filters
to remove oil and water are desirable. Filtration of air through
a 0.22 um bacterial filter might be desiral§®. The facility
should be well ventilated and free of fumes. To further reduce
the possibility of contamination by test materials and other
substances, especially volatile ones, the culture tanks should
not be in a room in which toxicity tests are conducted, stock or
test solutions are prepared, effluent or test material is stored, or
equipment is cleaned. During culture and testing, organisms
should be shielded from disturbances with curtains or partitions
to prevent unnecessary stress. A timing device should be used
to provide a 16-h light and 8-h dark photoperiod. A 15- to
30-min transition period(6) when lights go on might be

the effects of various environmental factors on results of sucllesirable to reduce the possibility of organisms being stressed

tests.

by instantaneous illumination; a transition period when lights
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go off might also be desirable. and @) each chamber contains sufficient test solution to

6.1.1 WhenC. dubiaare fed algae, a high light intensity Provide adequate surface area to maintain dissolved oxygen
might cause sufficient photosynthesis to result in a pH higteoncentrations acceptable to the test organisms (12.2). All
enough to kill Cladocerg7). Thus the maximum acceptable chambers (and compartments) in a test must be identical.
intensity is dependent on the buffer capacity of the dilutionChambers should be covered with glass, stainless steel, nylon,
water, species and density of algae, and the kind of ted?r fluorocarbon plastic covers or Shimatsu closures, to keep out
chamber and cover. Ambient laboratory light levels will €xtraneous contaminants and to reduce evaporation of test

usually be acceptable, but higher intensities might be better giolution.
worse, depending on other conditions. 6.4 Cleaning—Test chambers and equipment used to pre-

6.2 Construction Materials-Equipment and facilities that Pare and store dilution water, stock solutions, effluent, and test

contact stock solutions, effluents, test solutions, or any waterolution, should be cleaned before use. The methods used to
into which organisms will be placed should not contain €lean the test containers might depend in part on the material
substances that can be leached or dissolved by aqueoUQm which they are m_ade. New glass and_stalnles_s steel items
solutions in amounts that can adversely affect organisms. Ihould be washed with detergent and rinsed with water, a

addition, equipment and facilities that contact stock solutionsWVater-miscible organic solvent, water, acid (such as 10 %
test solutions, or effluents should be chosen to minimizeconcentrated hydrochloric acid), and at least twice with water

sorption of test materials and components of efiuents fronjlat meets the specifications of ASTM Type Il (see Specifica-

water. Glass, Type 316 stainless steel, nylon, and fluorocarbdifn P 1193). Some lots of some organic solvents might leave
plastics should be used whenever possible to minimize leacti film that is insoluble in water. At the end of a test, all items

ing, dissolution, and sorption. Concrete and rigid plastics majlat are to be used again should be immediatajye(nptied,

be used for culture tanks and in the water supply system, bif) finsed with water, ¢ cleaned by a procedure appropriate

they should be soaked, preferably in flowing dilution water, for O rémoving the test material (for example, acid to remove
several days before ugg). Cast iron pipe may be used in metals and bases; detergent, organic solvent, or activated

supply systems, but colloidal iron might be added to theC&rPon to remove organic chemicals), ambl (insed at least
dilution water and strainers will be needed to remove rusfWice with ASTM Type Il water. Test chambers should be
particles. Copper, brass, lead, galvanized metal, and naturdlSed with dilution water just before uséVarning— Clean-
rubber should not contact dilution water, stock solutions/Nd Procedures which use dichromate-sulfuric acid or hy-
effluents, or test solutions before or during the test. ltems madgechlorite are discouraged because they are hazardous and
of neoprene rubber and other materials not mentioned abovBight leave residues which might contaminate test solutions.)

should not be used unless it has been shown that their use wi}l

. ) . Reagents and Materials
not adversely affect either survival, reproduction, or when .
measured length or weight, or both, ©f dubia(see 14.1). 7.1 General—The test material should be reagent gfaoie .
6.3 Test Chambers better, unless a test on an effluent, a formulation, commercial

. , i i roduct, or technical-grade or use-grade material is specifically
6.3.1 In a toxicity test with aquatic organisms, test chambergeeded_

are defined as the smallest physical units between which there ; 5 Purity of Water—Unless otherwise indicated, references

are no water connections. However, screens, tubes, cups, apflyater shall be understood to mean reagent water as defined
so forth, may be used to create two or more compartmentﬁy Type Il of Specification D 1193.

within each chamber ifd) first instarC. dubiacannot move
from one compartment to another, ard) it has been shown 8. Hazards

that survival and reproduction are the same when only some of g 4 Many materials can affect humans adversely if precau-
the compartments in a chamber contain first-generation orgaf,ns are inadequate. Therefore, skin contact with all test
isms (organisms used to initiate a test) as when all the, ierials  effuents, and solutions of them should be mini-
compartments in a chamber contain first-generation organisms,i-eq by wearing appropriate protective gloves (especially
Thlf.s’ test solution can ﬂcf)w (chambers are not conade;}e hen washing equipment or putting hands in test solutions),
replicates in static tests), from one compartment to anothg,ratory coats, aprons, glasses, and by using pipets to remove
within a test chamber, but, by definition, cannot flow from Oneorganisms from test solutions. Special precautions, such as

chamber to another. Because solution can flow from ON@gyering test chambers and ventilating the area surrounding the
compartment to another in the same test chamber, the temper;ﬂ.I

. ; Jjambers, should be taken when conducting tests on volatile
ture, concentration of test material, and levels of pathogens ang terials. Information on toxicity to human@®), recom-

extraneous. cor;]tammants, will rE)e nl;ore r?|mllat;\r between COMA ended handling procedur¢s0), and chemical and physical
partments in the same test chamber than between compagz,sarties of the test material or effluent should be studied
ments in different test chambers in the same treatment.
6.3.2 Many seven-day toxicity tests with dubiahavebeen
conducted with each test organism in a separate 30 mL beakers reagent Chemicals, American Chemical Society Specificatimerican.
containing 15 mL of test solution or disposable plastic foodChemical Society., Washington, DC. For suggestions on the testing of reagents not

i ; ; ted by the American Chemical Society, sAealar Standards for Laboratory
qua“ty cups. Any container made of glass, Type 316 Stalnlestéshemicals BDH Ltd., Poole, Dorset,U.K. and thénited States Pharmacopeia and

steel, O.r a fluoro'ce}rb'on plastic may be usedajf ¢ach first  national Formulary U.S. Pharmacopeial Convention, Inc. (USPCO, Rockville,
generatiorC. dubiais in a separate chamber or compartment,m.p.
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before a test is begun. Special procedures may be necessaligsolved oxygen. If such a water is used, it is important that

with radiolabeled test materiald1) and with materials that adequate analyses be performed to characterize the water and

are, or are suspected of being, carcinogéhi). that a comparable test be available or conducted in a more
8.2 Although disposal of stock solutions, test solutions,usual dilution water to facilitate interpretation of the results in

effluents, and test organisms poses no special problems in masie special water.

cases, health and safety precautions and applicable regulationsg 5 soyrce

should be considered before beginning a test. Removal or 9.2.1 If a natural fresh water is used it should be obtained

degrada'qon of test ma'_[erlals or effluents might be deswabl?rom an uncontaminated source of uniform characteristics. A
before disposal of solutions. X
) . . . well or spring that has been shown to be of acceptable
8.3 Cleaning of equipment with a volatile solvent such as N
) . “characteristics is usually preferable to a surface water. If a
acetone should be performed only in a well-ventilated area in . . e
urface water is used, the intake should be positioned to

:’i\;hr:fhi;]%rserggmng is allowed and no open flame, such as a pIIOminimize fluctuations in characteristics and the possibility of

8.4 Acidic solutions and hypochlorite solutions should notcontamination, and to maximize the concentration ofdlssqlved
be mixed because hazardous fumes might be produced oxygen to help ensure low concentrations of sulfide and iron.

8.5 To prepare dilute acid solutions, concentrated acic?urfac.e waters should be filtered (60'““"! mesh) 1o remove
should be added to water, not vice versa. Opening a bottle cﬁOtem'al predators and competitors@f dubia
concentrated acid and mixing concentrated acid with water 9.2.2 Widespread use of one reconstituted water will in-
should be performed only in a fume hood. crease comparability of test results. The reconstituted fresh
8.6 Because dilution water and test solutions are usuallvater described in Guide E 729 has been used successfully by
good conductors of electricity, use of ground fault systems angeveral people . Addition of 5 pg of seleniy@8) and 1 pg of
leak detectors should be considered to help prevent electric@rystalline vitamin B,/L (14) might be desirable, (but see

shocks. X1.1). C. dubiahas also been cultured and tested in reconsti-
o tuted soft water. Acclimation in one reconstituted water and
9. Dilution Water testing in another of different hardness or alkalinity should be

9.1 Requirements-Besides being available in adequate avoided to minimize stress due to routine water quality
supply, the dilution water shoul@) be acceptable t€. dubig  changes.

(b) not unnecessarily affect results of the test, acjdbe of 9.2.3 Chlorinated water should not be used as, or in the
uniform characteristics. In effluent testing, upstream dilutionpreparation of, dilution water because residual chlorine is quite
water might be toxic. If the objective of the effluent test is 10 toxic to Cladocerg15). Dechlorinated water should be used
determine the toxicity of the effluent independent of thegnly as a last resort because dechlorination is often incomplete.
upstream water, a reconstituted water of similar hardnesssodium bisulfite is probably better for dechlorinating water
alkalinity and pH may be used as the dilution water. Howeverihan sodium sulfite, and both are more reliable than carbon
use of a reconstituted water will not only remove the confound-mters, especially for removing chloramingks). Some organic
ing results of upstream toxicity, but also other factors (susthioramines, however, react slowly with sodium bisulfi).
pended solids, humic acids, and so forth) that might otherwisg, addition to residual chlorine, municipal drinking water often
act to reduce or increase the toxicity of the effluent. _contains unacceptably high concentrations of copper, lead,
9.1.1 The dilution water must allow satisfactory survival ;inc and fluoride, and quality is often rather variable. Exces-
(90 % or greater in the cultured animals) and reproduction (atjye concentrations of most metals can usually be reduced with
least 15 young/surviving female animals)@fdubia(see 14.1 5 chelating resirf18), but use of an alternative dilution water

d, & andf). o . might be preferable.
9.1.2 The characteristics of the dilution water should be
9.3 Treatmernt

uniform so that brood stock is cultured, and the test conducted, o ) )
in water of the same characteristics. In tests to evaluate the 9-3-1 Dilution water should be aerated intensively by such

toxicity of ambient waters, additional controls should beMEans as air stones, surface aerators, or column aerdt®rs,
considered using acceptable quality dilution water (see 9_1.130) prior to addition of test material. Adequate aeration will

with similar chemical characteristics (for example, pH, hard-Pring the pH and concentrations of dissolved oxygen and other
ness, and alkalinity). gases into equilibrium with air and minimize oxygen demand

9.1.3 The characteristics of the dilution water should beand concentrations of volatiles. The concentration of dissolved

uniform during the test. The range of hardness during the te§xygen in dilution water should be between 90 and 100 % of
should be less than 5 mg/L or 10 % of the average, whichevetaturation(21) to help ensure that dissolved oxygen concen-
is higher. In effluent testing where upstream water is used a§ations are acceptable in test chambers. Supersaturation by
dilution water the variance associated with hardness mighflissolved gases that can be caused by heating the dilution water
naturally exceed these values. should be avoide@2).

9.1.4 If itis desired to study the effect of an environmental 9.3.2 Filtration through sand, rock, bag, or depth type
factor such as total organic carbon, (TOC), particulate mattegartridge filters may be used to keep the concentration of
or dissolved oxygen on the results of a three-brood test@ith particulate matter acceptably low (see 9.2.1), and as a pretreat-
dubia it will be necessary to use a water that is naturally orment before ultraviolet sterilization or filtration through a finer
artificially high in TOC or particulate matter or low in filter.
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9.3.3 Dilution water that might be contaminated with fac- affect the pH more or less than use of the minimum amounts of
ultative pathogens may be passed through a properly mairstrong acids and bases.
tained ultraviolet sterilizeq23) equipped with an intensity ~ 10.2.3 If a solvent other than dilution water is used, its
meter and flow controls, passed through a membrane filter witBoncentration in test solutions should be kept to a minimum
a pore size of 0.20 pm, or autoclaved. Water that might beind should be low enough that it does not affect survival, or
contaminated withAphanomyces daphniaghould be auto- reproduction ofC. dubia(and length or weight, or both, if these
claved(5). characteristics are to be measured). Because of its low toxicity

9.4 Characterizatior—The following items should be mea- to aquatic animalg25), low volatility, and high ability to
sured in the dilution water at least twice each year and morgissolve many organic chemicals, triethylene glycol is often a
often if such measurements have not been made semiannuafigod organic solvent for preparing stock solutions. Other
for at least two years, or if a surface water is used: hardnesgvater-miscible organic solvents such as methanol, ethanol, and
alkalinity, conductivity, pH, particulate matter, total dissolved acetone may also be used, but they might stimulate undesirable
solids, total suspended solids, TOC, selected pesticides (sugiowth of microorganisms and besides, acetone is quite vola-
as those found in USGS Schedules 2001/2010), organic chlgie. If an organic solvent is used, it should be reagent grade or
rine, PCBs, phthalate esters, ammonia, cyanide, sulfide, chigetter® A surfactant should not be used in the preparation of a
ride, bromide, fluoride, iodide, nitrate, phosphate, sulfatestock solution because it might affect the form and toxicity of
calcium, magnesium, sodium, potassium, aluminum, arsenighe test material in test solutions.
beryllium, boron, cadmium, chromium, cobalt, copper, iron, 1024 |f a solvent other than water is usea), 4t least one
lead, manganese, mercury, molybdenum, nickel, seleniungglyent control, using solvent from the same batch used to
silver, and zinc. For each method used (see 13.3), the detectigRake the stock solution, must be included in the test aha (
limit should be below eithera) the concentration in the gilytion water control, must be included in the test. If no

dilution water, or b) the lowest concentration that has beensojvent other than water is used, a dilution water control must
shown to affect adversely the survival, and reproductio@of pe included in the test.

dubia 10.2.4.1 If the concentration of solvent is the same in all test
10. Test Material solutions that contain test material, the solvent control must

10.1 Before a test is begun with material other than efﬂu—Contaln the same concentra_\tlon of solver!t. )
10.2.4.2 If the concentration of solvent is not the same in all

ents, the following should be known about the test material: ‘ . . .
10.1.1 Identities and concentrations of major ingredientéeSt solutions that contain test materlal, eltl'aare(solvent_test
and major impurities, for example, impurities constituting must be conducted to determine whether the survival, or

more than 1 % of the material. reproduction ofC. dubiais related to the concentration of the
10.1.2 Solubility and stability in the dilution water. solvent over the range used in the toxicity test, Iy guch a
10.1.3 An estimate of the lowest concentration of testsolvent test must have already been conducted using the same

material that is acutely toxic t6. dubia type of dilution water and the same sourcé&ofdubia If either

10.1.4 Accuracy and precision of the analytical method gfurvival or reproduction is found to be related to the concen-
planned test concentration(s). tration of solvent, a three-brood toxicity test with dubiain

10.1.5 Estimate of toxicity to humans and recommendedhat water is unacceptable if any treatment contained a con-
handnlir;g procedures (see 8.1). centration of solvent in that range. If neither survival or
10.2 Stock Solution reproduction is found to be related to the concentration of

10.2.1 In some cases the test material can be added directylvem’ a Fhree-brood toxicity tgst Wit.h QUbiain that water
to dilution water, but usually it is dissolved in a solvent to form &Y contain solvent concentrations within the tested range, but

a stock solution that is then added to the dilution water. If &€ Solvent control must contain the highest concentration of
stock solution is used, the concentration and stability of the tesiolVent present in any of the other treatments.
material in it should be determined before the beginning of the 10.-2.4.3 If the test contains both a dilution water control and
test. If the test material is subject to photolysis, the stocl@ Solvent control, the survival, and reproductiortofdubiain
solution should be shielded from light. the two c_o_ntrols ghould bg co_mpared (_see X4.6). If a statisti-
10.2.2 Except possibly for tests on hydrolyzable, oxidiz-cally significant difference in either survival or reproduction, is
able, and reducible materials, the preferred solvent is dilutio§letected between the two controls, only the solvent control
water, although filtration or sterilization, or both, of the water May be used for meeting the requirements of Ie}.d, ande
might be necessary. If the hardness of the dilution water wileS the basis for calculation of results. If no statistically
not be affected, distilled and deionized water may be usedpignificant difference is c_ietected, the_ data from both controls
Several techniques have been specifically developed for préhould be used for meeting the requirements of t4d, and
paring aqueous stock solutions of slightly soluble material€ @s the basis for calculation of results.
(24). Minimum amounts of strong acids or bases may be used 10.2.5 If a solvent other than water is used to prepare a stock
in the preparation of aqueous stock solutions, but such reagergglution, it might be desirable to conduct simultaneous tests
might affect the pH of test solutions appreciably. Use of a moraising two chemically unrelated solvents or two different
soluble form of the test material, such as chloride or sulfat€oncentrations of the same solvent to obtain information
salts of organic amines, sodium or potassium salts of phenogpncerning possible effects of solvent on results of the test.
and organic acids, and chloride or nitrate salts of metals, might 10.3 Effluent
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10.3.1 Sampling Point-The effluent sampling point should conducted on effluent obtained by the following methods:
be based on the purpose of the test. The collection point for the 10.5.2.1 If the average retention time of the effluent is less
National Pollutant Discharge Elimination System (NPDES)than 24 h, a 24-h composite sample should be collected daily,
permit testing purposes is often strictly defined. In some casesljluted appropriately, and used for daily renewals (see
a sampling point between last treatment and the discharge poit0.5.2.3).
might provide much better access. If the waste is chlorinated, 10.5.2.2 If the average retention time is greater than 14
it might be desirable to have sampling points both upstreandays, a grab sample should be collected daily, diluted appro-
and downstream of the chlorine contact point to determine theriately, and used for daily renewals. If the average retention
toxicity of both chlorinated and unchlorinated effluent. Thetime is greater than 24h and less than 14 days, either composite
schedule of effluent sampling should be based on an undeor grab sampling can be used to collect effluent samples.
standing of the short- and long-term operations and schedules 10.5.2.3 If an effluent is known, or suspected, of being
of the discharger. Although it is usually desirable to evaluate aimighly variable in terms of constituents and retention time is
effluent sample that most closely represents the normal dess than 24 h, grab samples might be more representative of
typical discharge, conducting tests on atypical samples mighbxicity potential. In addition, more frequent renewal intervals
also be informative. might be desirable.

10.4 Test Concentration(s) 10.5.2.4 In most cases composite or grab sampling as

10.4.1 If the test is intended to provide a good estimate offescribed will be suitable. It is recommended that provisions
the highest concentration of test material or effluent that willP& made for cooling samples to 4°C during the collection of
not unacceptably affect the survival, and reproductiorCof ~COMPposite samples. In some cases, flow-proportional sampling
dubia, the test concentrations (see 12.11.2.2) should brack&pight be desirable. Such situations will be governed by the
the best prediction of that concentration. Such a prediction i§ffect of flow variation on the retention time of the effluent, and
usually based on the results of a 48-h static-acute toxicity tedf! turn, the effect of altered retention time on loss of compo-
(see Guide E 729) on the test material using the same dilutiof€nts of the effluent. Generally, losses will occur eitr@rig
water andC. dubialess than 24-h old. Because the food used? tréatment basin, obJ due to hydrolysis or other naturally
in a three-brood toxicity test sometimes affects the results ofccurfing phenomenon. Flow-proportional sampling, there-
the acute test26), the acute test should be conducted with and©re, is recommended only when the variation in flow has a
without the food added to the dilution water. If an acute chronicSubstantial effect relative to these factors. Other sampling
ratio has been determined for the test material with a species &chniques are described in detail by She2y).
comparable sensitivity, the results of the acute test vith ~ 10.6 Sample Containers-Samples should be collected and
dubia can be divided by the acute-chronic ratio to predict anStored in containers appropriate for the effluent or toxicant

appropriate range of concentrations for the chronic test. ~ Sample of concer. Samples containing dissolved metals
10.4.2 In some (usually regulatory) situations, it is Onlyshould be collected and stored in plastic containers, due to the

necessary to determine whether one specific concentration Bptentlal of absorption of the dissolved metals to gl¢28)

: : 10.7 Preservatior—If samples are not used withi2 h of
test material or effluent unacceptably affects survival or repro- . i .
paby b gollectlon, they should be preserved by storing them in the dark

concentration occurring in a receiving water, the concentratiofit about 4°C. Storage time is in part dependent on effluent type

resulting from the direct application of a material to a body ofbut should not exceed 72 h. A sample storage time=86h

water, or the solubility limit of a material in water. When there Shfglg 1t3e utsedng_lqgstmallylfeaf&bf}le. ¢ t not be altered
is interest only in a specific concentration, it is often necessa% - lreatme € samplée ot efiiluent must not be aitere

to test only that specific concentration (see 12.2.1.3). Howeve xcept that it may be filtered through an 80-um sieve or screen
use of multiple concentrations will provide data useful for(BO'um preferred) to remove potential predators. Undissolved

determining toxicity thresholds and responses concentratior{p""te”"’.IIS should be uniformly dispersed by ger_ltle agitation
effect curves. Immediately before any sub-sample of effluent is drawn for

10 5 Collection solution preparation and before test solutions are distributed to

. test chambers.
10.5.1 Several different methods may be used to collect

effluent samples for toxicity tests. Selection of a method should 1. Test Organisms

be based on the type of test that is to be conducted, the 11.1 Species-The genusCeriodaphniais undergoing a
characteristics of the effluent, any treatment technologiesevision. Bernef29)investigated the taxonomy @eriodaph-
employed, the rate and manner by which the effluent isiia in U.S. EPA cultures and based on this study the early
discharged into the receiving water, and the average wastewpublished reference in toxicological literature @ dubia/
ter retention time. Industrial or municipal facilities occasion- affinis was most likelyC. dubia Identification of the species
ally discharge directly, with no provision for effluent retention. employed in testing is the responsibility of the reporting
In the more typical situation, however, holding and treatmeninvestigator.
ponds provide some duration of effluent retention. The reten- 11.2 Age—Three-brood toxicity tests witlL. dubiashould
tion time should be measured because channeling sometimpg started with organisms less than 24-h old. Using neonates
causes the average retention time to be substantially less th@arn within a narrow age range, for example, less than 24-h old
the calculated or design retention time. and born within 8 to 12 h of each other is desirable.

10.5.2 It is recommended that renewal toxicity tests be 11.3 Source—All organisms used in a test must be from the
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same brood stock. The two (and preferably five) prior generaare not unnecessarily stressed. Organisms should be introduced
tions must have been raised from birth using the same foodnto solutions beneath the air water interface. Organisms that
type of water, and temperature as will be used in the threetouch dry surfaces or are dropped or injured during handling
brood test. This will not only acclimate the organisms, but will should be discarded. Smooth glass tubes with an inside
also help demonstrate the acceptability of the food, water, andiameter of at least 3 mm should be used for transferring adult
so forth, before the test. Acclimation of organisms for effluentC. dubig and the amount of solution carry over should be
tests in which natural dilution waters are used might be difficultminimized. Equipment used to handle organisms should be
to achieve. In some cases available (upstream) dilution watesterilized between uses by autoclaving or by treatment with an
might be toxic and an alternative dilution water will have to beiodophor(32).
employed in those cases in which effluent toxicity independent 11.7 Quality—To increase the chances of a test being
of ambient water toxicity is the testing objective. acceptable (see 14.1), the test should not be begun with young
11.4 Brood Stock that were in the first or second brood frath dubianor with
11.4.1 C. dubiais generally available from government, young fromC. dubiathat @) appear diseased or stres$gd33)
academic, and private laboratories, engaged in toxicity testingar incompletely developedb) did not produce at least 6 to 8
Brood stock can be obtained from another laboratory or goung in the previous brood, oc)(are from a culture in which
commercial source. When organisms are brought into thephippia was produced or in which substantial mortality
laboratory, the water in which they were transported should beccurred during the week prior to the test. Organisms used to
gradually replaced with new dilution water over a period ofinitiate a test should be able to survive, without food, for a
two or more days. The water temperature should be changed atinimum of 48 h in the appropriate dilution water. If the
a rate not to exceed 3°C within 12 h until the desireddilution water might contain food it might be desirable to filter
temperature is reached. it through a 0.22-um filter to ensure removal of potential food.
11.4.2 C. dubia has been cultured in a variety of systems,
such as in large groups of aquaria, in smaller mass cultures, ar}&' Procedure
individually in a variety of smaller chambers. Use of individual ~ 12.1 Demonstration of Feasibility-Before a toxicity test is
cultures allows the survival and reproduction of specificCOHdUCted in new test facilities, it is desirable to conduct a
animals to be tracked. This provides a means to measure tfigon-toxicant” test, in which all test chambers contain dilution
health of individual animals and to determine the suitability ofwater with no added test material or effluent, to determaje (
the animals for use in chronic tests. All culture productivity whetherC. dubiawill survive, and reproduce acceptably (see
should be tracked and the results recorded in a culturd4.1d, & andf) in the new facilities, If) whether the food,
laboratory notebook. water, handling procedures, and so forth, are acceptat)le, (
11.4.3 Brood stock should be cultured so they are nowhether there are any location effects on survival, and repro-
unnecessarily stressed. To maint@indubiain good condition ~ duction, and length or weight, or both, if these are to be
and avoid unnecessary stress, crowding and rapid changesdgtermined, and) to evaluate the magnitude of the within and
temperature or water quality should be avoided. In generabetween chamber variances. (See Table 1.)
organisms should not be subjected to more than a 3°C changel2.2 Experimental Design
in water temperature in any 12-h period, and preferably not 12.2.1 Decisions concerning experimental design, such as
more than 3°C in 72 h. Cultures should be regularly fed enoughumber of treatments, dilution factor, and numbers of test
food to support adequate reproduction. Culture chamberghambers and organisms per treatment, should be based on the
should be cleaned periodically to remove feces, debris, angurpose of the test and the type of procedure that is to be used
uneaten food. If culture chambers are properly cleaned and tHe calculate results (see 15.1). One of the following two types
density of organisms is no more than 1 to 2 brood/adulof experimental designs will probably be appropriate in most
organisms/15 mL, surface aeration should provide adequateSes.
dissolved oxygen. 12.2.1.1 A three-brood toxicity test intended to allow cal-
11.5 Food—Various combinations (see Appendix X1) of culation of an end point (see X4.2) usually consists of one or
trout chow, flake food, yeast, rye grass powtleereal leaves, more control treatments and a geometric series of at least five
alfalfa, and alga€30) such asAnkistrodesmus convolutus, A. concentrations of test material or effluent. In the dilution water
falcatus, Chlamydomonas reinhardtind Selenastrum capri- Or solvent control(s), or both, organisms are exposed to dilution
cornutum (also known asPseudokirchneriella subcapitata Wwater to which no test material has been added. In tests on
(31), have been successfully used for culturing and tesfing effluents, a performance control (one group of 10 replicates in
dubia The food should be analyzed for the test material, if itdilution water normally used to culture the organisms in the
might be present, as well as for possible contaminants agboratory) is included in the experimental design. Results
described in 9.4 for dilution water. from these replicates help ensure, especially in those cases in
11.6 Handling—C. dubiashould be handled as little as Which the organisms have been transported to a testing site,
possible. When handling is necessary, it should be done dbatthe organisms survival and reproduction are comparable to

gently, carefully, and quickly as possible, so that the organismgesults routinely obtained in the laboratory.
12.2.1.2 Except for the control(s) and the highest concen-

tration, each concentration should be at least 50 % of the next
” Rye grass powder available as Ceroghytom Wards Biological Supply Co., h'Qher one, ynlgss mformatlon Concerr_“ng_ the conc_entra'uon
has been found suitable for this purpose. effect curve indicates that a different dilution factor is more
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appropriate. At a dilution factor of 0.5, five properly chosennot made, at least two test chambers and ten physically

concentrations are a reasonable compromise between cost asgparated individual organisms must be in each treatment (test
the risk of all concentrations being either too high or too low.concentration and control). Replicate test chambers (that is,

If the estimate of chronic toxicity is particularly nebulous (seeexperimental units) are necessary in order to allow estimation

10.4.1), six or seven concentrations might be desirable. of experimental errof33). If (&), more than five concentrations

12.2.1.3 If it is necessary only to determine whether 20f test material or effluent are tested, and), (each test
specified concentration causes adverse effects (see 10.4.99ncentration is more than 50 % of the next higher one and (
only that concentration and the control(s) are necessary. Twée€ data are to be analyzed using regression analysis, fewer
additional concentrations at about one-half and two times th@rganisms per concentration of test material, but not the control

specified concentration might be desirable to increase confif€atment(s), may be used. Because of the importance of the
dence in the results. controls in the calculation of results, it might be desirable to

12.2.2 The primary focus of the physical and experimental se more organisms for each of the control treatment(s) than

design of the test and the statistical analysis of the data is the" each of the other treatments.

experimental unit, that is defined as the smallest physical entit¥ 12.3 Dissolved Oxygen and Test Material Concentration
to which treatments can be independently assigt@s) he concentration of dissolved oxygen in each test chamber

Because test solution can flow from one compartment t¢nuSt be between 4.0 mg/L and 8.4 mg/L (100 % of saturation

another, but not from one test chamber to another (see 6.3.13¢ 25°C)(21)at all times during the test and the time-weighted
the test chamber is the experimental unit. As the number of te verage measured concentration for each test chamber from the
chambers (that is, experimental units) per treatment increase€9iNning to the end of the test must be between 4.2 mg/L and
the number of degrees of freedom increases and, generally i Mg/L. If the concentration of dissolved oxygen falls below

width of the confidence interval on a point estimate decreases0 My/L or the goncentratlon of test material decreases by
ore than 20 % in test solution(s) between renewals, more

and the power of a hypothesis test increases. With respect _ .
factors that might affect results within test chambers andif€duént renewals might be necessary. Under some circum-
therefore. the results of the test. all test chambers in a testances the concentration of dissolved oxygen in natural waters

should be treated as similarly as possible. For example thean be greater than 100 % of saturation. The tests should be run
temperature in all test chambers should be as simila'r agnder the conditions that exist unless such conditions interfere

possible unless the purpose of the test is to study the effect ith the objectives of the_: test. Beca_use results are generally
temperature. Test chambers are usually arranged in one or marased (effluents are obvious exceptions) on measured rather
rows. Treatments must be randomly assigned to individual tedf@n calculated concentrations of test material, the loss of a

chamber locations. A randomized block design (with eacninimal amount of test material (less than 10 %) by aeration is
treatment being present in each block, which may be a row ot necessarily detrimental and test solutions may be aerated

rectangle) is preferable to a completely randomized desigrf€Ntly during the test. Turbulence, however, should be avoided
Using a randomized design does present the possibility gPecause it might stress organisms, resuspend fecal matter, and

cross-contamination if the effluent or toxicant being analyzed ig"€atly increase volatilization. Because aeration readily occurs
a volatile organic material at the surface, efficient aeration can be achieved with minimum

. . turbulence by using an air lift to transfer solution from the
12.2.3 The eflect of the test material or effluent on SurV'Val’bottom to the surface. Aeration should be the same in all test

growth, and reproduction_ cannot be determined .if any faCt(.)r%hambers including the control(s), throughout the test
that affect them are too dissimilar between experimental units. ' ' '

Because survival, growth, and reproduction might be affected 12.4 Temperature_ ) o )

by the number of first- and second-generation organisms in the 12-4.1 Reproduction i€. dubiais in large part a function of

chamber or compartment, or the concentration or amount démperature, quality of dilution water, and quantity and quality

available food, the best experimental design is to physicall;Pf food. Three-broods can be obtained in 7 days if the test is

separate each first-generation daphnid (that is, place ea&@nducted at 25°C.

first-generation daphnid in a separate test chamber or in a 12.4.2 In lieu of measuring temperature in individual test

separate compartment within a test chamber), remove yourghambers at a frequency that might jeopardize the health of the

daily, and feed each first-generation daphnid daily. AlthougHest organism, the relationship between test chamber tempera-

increasing the number of test chambers per treatment arfdre and constant temperature bath, incubator, or room may be

increasing the number of separated organisms per treatme@stablished. Temperature in the constant temperature bath,

both improve the experimental design, statistically the best us@cubator, or room should ensure that the temperature of the

of any specific number of test organisms is to place each one figst solutions are withirt 1°C of the selected temperature. The

a separate chamber. use of small diameter temperature probes makes it possible to
12.2.4 The minimum desirable number of test chambers ang@fely measure the temperature of the initial and final test

individual organisms per treatment should be calculated fron$olutions in randomly selected test cups.

(a) the expected variance within test chambé)glfe expected ~ 12.5 Preparing Test Solutions

variance between test chambers within a treatment and, ( 12.5.1 Except possibly for effluents, to ensure that all

either the minimum difference that is desired to be detectabl&reatments receive the same dilution water, the batch of dilution

using hypothesis testing, or the maximum acceptable confiwater should be large enough to fill all the test chambers and

dence interval on a point estimgfb). If such calculations are the control(s) during the 7-day test and to perform chemical
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analysis. To ensure that all treatments and control(s) receive theffectively tested using renewal techniques. Renewing test
same food, enough food should be prepared for the entire tesblutions at 24-h intervals is usually acceptable. The minimum
period. acceptable renewal frequency is every other day. At each

12.5.2 The measured concentrations of test material in a teggnewal each first-generatid®. dubiashould be recorded as
solution should not differ by greater than 30 % from thealive or dead and each live one should be transferred to a
nominal test concentrations. If the difference is more tharchamber containing the same concentration of test material or
30 %, the cause should be identified. If the concentration in theffluent as that from which it was removed. The live and dead
test chamber is too high, the stock solution or test solutior®ffspring from each first-generatiod. dubiashould be sepa-
might have been prepared incorrectly or evaporation of the tesately counted, recorded, and discarded. The chambers from
solution might have occurred. If the concentration is too low,which the first-generatiorC. dubia were removed and the
additional possible causes are microbial degradation, hydrolyroung counted, should be emptied, brushed or washed to
sis, oxidation, photolysis, reduction, sorption, and volatiliza-loosen debris, and rinsed with ASTM Type Il water (see
tion. If it is likely that the organisms are being exposed toSpecification D 1193) or dilution water. If the test chambers are
substantial concentrations of one or more reaction or degradé be conditioned, dilution water containing test material, but
tion products, measurement of the product(s) is desirable. not food, should be placed in the chamber and then discarded
might also be desirable to renew the test solutions more oftefust before the next renewal.

12.6 Conditioning Test ChambersTest chambers should  12.9 Duration of Test-A test begins when less than 24-h
be conditioned if the concentration of test material in aold neonates (all preferably within an 8 to 12 h age window)
chamber decreases by more than 20 % between renewals aawg first placed in test solutions. At 25°C, control organisms
the decrease can be attributed to sorption onto the test chambghould produce three broods in 7 days. Periodically controls
To condition the chambers, dilution water containing testmight not produce three broods in 7 days. When less than 60 %
material, but not food, should be placed in each test chambef the control animals produce less than three broods in 7 days,
24 to 72 h before the test is to begin and before each renewdhe test should be continued for an additional day unless some
This may help to alleviate the sorption of some materials, bubbvious factors (presence of males, or nonreproducing fe-

not all. males) suggest that doing so will not increase the quality of the
12.7 Beginning a Test data collected. At temperatures less than 25°C, time to third
12.7.1 The test chambers should be conditioned if necedfood production will be increased. A test is considered
sary. unacceptable when less than 60 % of the control animals fail to

12.7.2 Fresh test solutions containing appropriate amount&oduce three broods over the 7 (or 8) day test duration.
of test material and food should be prepared less than 4 h 12.10 Biological Data
before the test is to begin. 12.10.1 The date of immobility or death of each first-
12.7.3 Fresh test solution should be placed in each chambéteneratiorC. dubiamust be recorded. The criteria for immo-
12.7.4 The test begins when oBedubialess than 24-h old bility are lack of movement and lack of response to gentle
is placed in each test chamber, or compartment, that alread}y°dding.
contains test solution. The organisms must be eitt@r ( 12.10.2 At each renewal the number of neonates produced
impartially assigned to the test chambers (or compartments iy each first-generatior€. dubia in each brood must be
the test chambers) by placing oBedubiain one test chamber recorded.
or in one compartment in each treatment, and thé€h dubia 12.10.3 It might be desirable to determine the length or
in a second chamber or compartment in each treatment, andeight, or both, of each first generati@ dubiathat is alive
continuing the process until each chamber or compartmerat the end of the test. Determining dry weight requires a
contains oneC. dubig or (b) assigned either by random balance capable of reading 0.00001 g; length can be deter-
assignment of on€. dubiato each treatment, random assign- mined using a calibrated microscope equipped with an ocular
ment of a secon€. dubiato each treatment, and so forth, or micrometer. There is not a consensus amongst the toxicological
by total randomization, orcj assigned and identified as community regarding the value of length or weight measure-
cohorts. In the cohort procedure one neonate from a female iments, or both, of Cladocera in evaluating potential imga@;
assigned to one test chamber or compartment of each treatme3@-40) However, including length or weight measurements, or
and the cohort of each first-generation organism is tracketloth, when conditions warrant might provide insight not
throughout the test. The cohort procedure might be especiallgchieved with data on survival and reproduction. Dry weight
useful with C. dubiabecause some cohorts may produce no(dried at 60°C(41) to constant weight) might be preferable to
young in any treatment. Deletion of data for all individuals in length (distance from apex of helmet to base of spine). Wet
such cohorts from all treatments is a valid way of analyzing theveight is not acceptable. It might be desirable to determine the
data. This allows the investigator to track the performance o$ize of each first-generation organism that dies before the end
young from each female used. of the test. However, whether or not this can be accomplished
12.8 Renewing Test SolutionsThe frequency with which is dependent, in part, on the age (size) of the organism at the
test solutions should be renewed is dependent on severtime of death (it is very difficult, if not impossible, to determine
factors (see 10.5.2). The most significant factor is related to th#he dry weight of a <5-day old organism, or males).
rate of change of the test solutions and how this change might 12.10.4 Both first- and second-generation organisms should
influence results. Solutions that change rapidly might not béoe carefully observed during the test for abnormal development

10
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or behavior, such as uncoordinated swimming. Although devariability of the sampling and analytical procedures should be
velopmental and behavioral effects are often difficult to quan-determined before the beginning of the test to determine how
tify and might not provide suitable end points, they might bemany samples should be taken and analyses performed at each
useful for interpreting effects on survival, growth, and repro-sampling point to ensure that this requirement is not violated
duction. Morphological examination of first-generation organ-just because of sampling or analytical variability.
isms alive at the end of the test, in each treatment, might be 12.11.2.4 If the organisms are probably being exposed to
desirable. substantial concentrations of one or more impurities or degra-
12.11 Other Measurements dation or reaction products (see 12.5.1), measurement of the

12.11.1 Water Quality—Hardness, alkalinity, pH, and con- impurities and products is desirable.
ductivity should, at a minimum, be me_asured at the beginning 5 Analytical Methodology
and end of the test. Measurements using electrodes should not
be made in chambers containing organisms. Alkalinity and pH 13'1_ The_ methods u_sed fo analyze water samples for test
should also be measured in the highest test concentration 3t2terial might determine the usefulness of the test results
least once in new and old test solutions to determine whethdtecause all results are based on measured concentrations
these are affected by the test material. Measurements on ndfffluents, and ambient samples are obvious exceptions). For
test solutions may be performed on the solution prior to itX@mPple, if the analytical method measures any impurities or

distribution into the test chambers. Measurements on old tesgaction or degradation products along with the parent test

solutions might require a composite from replicate test chamMaterial, then results are calculated for the whole group of
1aterials, and not for parent material by itself, unless it is

bers of the same test concentration. Dissolved oxygen concef? ; i,
trations must be measured in old test solutions from th&€monstrated that such impurities and products are not present.

control(s) and low, medium, and high concentrations of test 13:2 If samples of dilution water, stock solutions, or test
material near the beginning, middle, and end of the testSflutions cannot be analyzed immediately, they should be
Dissolved oxygen can be measured on pooled samples, alandled and stored appropriat¢#2) to minimize loss of test
though it is preferable to make individual measurements. Fofnatérial by hydrolysis, microbial degradation, oxidation, pho-
efiuents that might have high oxygen demands, dissolved!YSiS, reduction, sorption, and volatilization. , .
oxygen should be measured at the beginning and end of eachl3:3 Qhemlcal and physical data should be _obtamed using
renewal period. Measurement of calcium, magnesium, sodiunfPPropriate ASTM standards whenever possible. For those
potassium, chloride, sulfate, particulate matter, and TOC of'€asurements for which ASTM standards do not exist or are
chemical oxygen demand, (COD) is desirable. Temperatur@o,t sensitive enough, methods shquld be tha_uned from olther
should be monitored throughout the test. If the test chamber&!iable source¢d3). The concentration of unionized ammonia

are in a water bath, a constant temperature room, or incubatdfi@y P€ calculated from pH, temperature, and concentration of

measurement or monitoring the temperature at least hourly, ¢Pt&l @mmonia44). , .
daily measurement of the maximum and minimum tempera- 13.4 The precision and bias of each analytical method used

ture, may be made. However, measuring temperature in thghould be determined in an appropriate matrix_, that is, in water
manner does not preclude the necessity of documenting th@MPles from culture or control chambers, in food, and in

relationship of temperature in the test chambers and that of tyganisms. When appropriate, reagent blanks, recoveries, and
constant temperature bath, incubator, or room. standards should be included whenever samples are analyzed.

12.11.2 Test Material 14. Acceptability of Test
12.11.2.1 The concentration of test material in each treat- 14 1 A three-brood toxicity test withC. dubia should
ment must be analyzed frequently enough during the test tggyajly be considered unacceptable if one or more of the
estab[lsh its average and variability. If the test material is afollowing occurred: except that if, for example, temperature
undefined mixture, such as a leachate or complex effluent,ag measured numerous times, a deviation of more than 3°C in
direct measurement is probably not possible or practicaly,y one measurement might be inconsequential. However, if
Concentrations of such test materials will probably have to b%emperature was measured only a minimal number of times
monitored by such indirect means as turbidity, conductance, e deviation of more than 3°C might indicate that more
by measurement of one or more components. deviations would have been found if temperature had been
12.11.2.2 The concentration of test material in each treatmeasured more often. (See Table 2.)
ment must be measured at a minimum at the beginning and end (a) Treatments were not randomly assigned to test chamber
of a test. It is preferable to measure the concentrations at thgcations.
beginning and end of each renewal period. Samples from old (b) The test was begun with organisms greater than 24-h
test solutions should be obtained by pooling the test solutiong|d, or were not from the same broodstock source.
for each treatment and removing duplicate samples. Analysis (c) A required dilution water control or solvent control was
of additional samples after filtration or centrifugation is desir-not included in the test or if the concentration of solvent was
able to determine the percentage of test material that is nefot the same in all treatments that contained test material, the
dissolved or is associated with particulate matter. concentration of solvent affected survival, productivity, and
12.11.2.3 Within each treatment the highest of all thelength or weight, or both, o€. dubiaif determined.
measured concentrations obtained during the test in fresh test (d) More than 20 % of the first-generation organisms died
solutions divided by the lowest must be less than two. Then any required control treatment.
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(e) Less than 60 % of the surviving control organismsinformation either directly or by reference to available docu-
produced three broods, or organisms which lived to producenents.
three broods in the control(s) did not produce, on the average, 16.1.1 Names of test and investigator(s), name and location
at least 15 young, in a pattern of increasing brood sizes and thsf laboratory, and dates and times of initiation and termination

young were not produced in 8 days. of test.
(f) Ephippia were produced in the control(s). 16.1.2 Source of test material, its lot number, composition
(9) Temperature, dissolved oxygen, and concentration ofjdentities and concentrations of major ingredients and major
test material were not measured as specified in 12.11. impurities), known chemical and physical properties, and the

(h) Any measured concentration of dissolved oxygen wasdentity and concentration(s) of any solvent used.

not between 4 mg/L and 8.4 mg/L or the time-weighted 16 1 3 Source of dilution water, its chemical characteristics,
average-measured dissolved-oxygen concentration from theg,q description of any pretreatment.

beginning to the end of the test for any test chamber was not 16.1.4 Source of brood stock scientific name. name of

betvyee_lr_1h4.2 dfpfg’ L and 8'4 mg/L Og saturation. hted person who identified the species and the taxonomic key used,
() The difierence between the time-weighte averages cclimation and culture procedures used, observed diseases,

mheasured temperatures for any two test chambers was greafery age of test organisms at the beginning of the test.

than 1°C.

(i) Any individual measured temperature in any test cham- 16.1.5 Description of the experimental design and test
ber was more than 3°C different from the mean of thechambers (and compartments) and covers, the depth and

. ; . _~volume of solution in the chambers, number of first-generation
time-weighted average-measured temperatures for the mdcl)-r anisms, and test chambers (and compartments) per treat-
vidual test chambers. 9 ' P P

(k) At any one time, the difference between the measurecﬁnent’ conditioning, lighting, and renewal schedule. .
temperatures in any two test chambers was more than 2°C 16.1.6 Procedure used to prepare food, concentration of test

(I) The highest measured concentration of test material i aterial and other contaminants in the food, feeding, method,

fresh test solution was more than twice the lowest in the samg€d4YeNCy; and ratlon.. . i

treatment. 16.1.7 Range and time-weighted average for measured dis-
(m) Test solutions were not renewed at least every othef©lved oxygen concentration (as % of saturation) for each

day, or at a frequency consistent with the objectives of the tedféatment and a description of any aeration performed on test

as influenced by the material being tested. solutions before or during a test.
(n) All test chambers (and compartments) and covers were 16.1.8 Range and time-weighted average-measured test
not identical. temperature and the method(s) of measuring or monitoring, or

(0) Sample was altered by a procedure other than sievind?20th.

14.2 An assessment should be made of the significance of 16.1.9 Schedule for obtaining samples of test solutions, and
the concentrations of test material in the controls, treatmentsnethods used to obtain, prepare, and store them.
food (see 11.5), and brood stock (see 11.4). 16.1.10 Methods used for, and results (with sample size and
. standard deviations, or confidence limits) of, chemical analyses
15. Calculation of water quality and concentration(s) of test material (in fresh

15.1 The primary data to be analyzed from a 7-day test wittand old test solutions) impurities, and reaction and degradation
C. dubiaare @), the number of young (both live and dead, products, including validation studies and reagent blanks.
recorded separately) produced by each first-generalon  16.1.11 Atable of data on survival, and reproduction in each
dubia (b) survival of first-generatiorC. dubig and €) the  test chamber (and compartment) in each treatment, including
concentration of test material or percent effluent in the testhe control(s), in sufficient detail to allow independent statis-
solutions in each treatment. tical analysis. A table of data on length and weight measure-

15.2 The variety of procedures that can be used to calculai@ents of surviving first-generation organisms should be in-
the results of life-cycle toxicity tests can be divided into two ¢|yded if these data were collected.

categories: those that test hypotheses and those that providejg 1 12 Methods used for, and results of, statistical analyses
point estimates. No procedure should be used without carefys ihe gata.

con_S|derat|0n c_)f 4 the advantages and .dlsadvalnta.\ges of 16.1.13 Summary of general observations on other effects or
various alternative procedures, afl §ppropriate preliminary symptoms

tests, such as those for outliers and for heterogeneity. They16 114 'Results of all associated acute toxicity test
calculation procedure(s) and interpretation of the results should =" . Y ?S.S'

be appropriate to the experimental design (see 12.2). The maj r16'1'15 Anything unusual about the test,. any de\{latlon from
alternative procedures and points to be considered wheh€S€ Procedures, and any other relevant information.
selecting and using the procedures for calculating results of 16.2 Published reports should contain enough information
life-cycle toxicity tests withC. dubiaare discussed in Appen- [© C"I?ta”y identify the methodology used and the quality of the
dix X4. resufts.

16. Report 17. Keywords

16.1 The record of the results of an acceptable life-cycle 17.1 Ceriodaphnia dubia Cladocera effluent; life cycle;
toxicity test with C. dubia should include the following test material; three-brood toxicity test
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APPENDIXES
(Nonmandatory Information)

X1. FOOD

X1.1 Introduction—A wide variety of foods have been used Concentrate Number of g/500 mL, store in dark
in the culture and testing o€. dubia The foods termed

“synthetic” are usually made from one or more ingredients 2"28'225;'228 o o0
such as a trout chow, yeast, and so forth. The foods termed No. 2
“natural” consist of one or more species of algae. “Combina- LAQSSA-?HZO 7.35
H ” H “, Rl “ ” o H 0.
tion” foods contain both sy_nthetlc and “natural” ingredients. K, HPO, 0.522
X1.1.1 Each food type given has been shown to be advan-

. . . . No. 4

tageous by the investigators using that particular type. How- NaHCO, 75

ever, not all food types have been successfully used by all .
investigators. What works in one laboratory sometimes works After the addition of all four concentrates, autoclave the
poorly in another laboratory. What works under field condi-foa@m-plugged flasks for 30 min, at 121°C.

tions involving the testing of effluents or contiguous source Concentrate Number of g/500 mL, sterile fiter,
i . . No. 5 store in refrigerator”?
samples on site might not be particularly advantageous when
testing in reconstituted waters. No test should be started until a H4BO, 92.76
food has been demonstrated adequate for the conditions under MnCl,-4H,0 20769
which the test is to be conducted nce 2035
. FeCl,-6H,0 79.88
CoCl,-6H,0 0.714
X1.2 Natural Food: Na,M00,-2H,0 3.63
. . . CuCl,-2H,0 0.006
X1.2.1 Various natural foods have been used with different NaZEZDTAZ-ZHZO 150.0
amounts of success. Natural foods are probably of greatest Na,SeO, 1.196°

advantage when used with reconstituted waters, or natural

waters With low bacterial counts. Natura_ll foods also tend to b_e A Add 1 mL aseptically to cool, sterilized medium.

less effective chelators than synthetic foods. Although it &notin medium from algal assay bottle procedure, but might be beneficial to
requires more effort to prepare a natural fOOd, than a Syntheti@adocera. If added to culture water, may not be necessary in algal culture media

food, use of a natural food might be cost effective if it X1.2.3.1 Inoculate, aseptically, each litre of media with 30

decreases the number of unacceptable tests. . . : :
X1.2.2 The four species of algae which have been com[m‘ of 7-day old P. subcapitataculture with optical density

monly used to culture and te€l. dubiaare Ankistrodesmus (0.D.) =0.10 to 0.15 as measured at 750 nm with 16.8 mm
convglutus A falcatus Chlam. domonas reinhardiind P light path. Cultures with these optical density readings will
i ’ Y ar " ___have approximately 2.5 to 28 1(° cells/mL of medium.

subcapitata Cultures of these species can be purchased from X1.2.3.2 Incubate the algal cultures on magnetic stirrers at

several sourcesGenerally, the cultures are supplied on agar, , 2°C, and an average of 2500 Ix of illumination at the
slants that can be kept for several months in a dark refrigerator.” . ; . . ;
o o . . media surface during a 16-h light photoperiod. Magnetic
at 4°C. The algae are transferred to a liquid nutrient medium tQ_. P o~
row larde amounts for feeding oraanisms. Algae are roWnstlrrers generate heat. In order to maintain 241°C in the
gre g€ ; ; g org - Algac 9 culture medium, an air temperature of 21 1°C might be
using aseptic techniques although controlled bacterial contamj-

: . required.
nation does not appear to greatly influence results. . . .
X1.2.3 Pseudokirchneriella subcapitata (also known as Se'ofﬁhlész?lgwan a?grr?ir?gglrulggr?iﬁgg%tgs;rde;g dw_e(g‘l?ﬁelglﬁ]nl_
lenastrum capriconutumjnay be cultured as food f&@. dubia 9

following procedures based on the algal assay bottle test (ségn odified from Murphy(46)).

_— "
Practice D 3978 0(45)). This medium may be prepared in Vitamin mg
large quantities by adding 1 mL of each of the following  p-pantothenic (Hemi calcium salt) 140.0
concentrates to each 1000 mL of ASTM Type Il water plus Vitamin By,(Cyanocobalamine) 0.006
magnetic stirring bar in 2-L Erlenmeyer flasks Thiamine HCI (Vitamin B,) 12.0
: Riboflavin (Vitamin B,) 8.0
Concentrate Number of g/500 mL, store in dark Niacinamide (Nicotinamide) 26.0
D-Biotin (Vitamin H) 6.0
No. 1 Putrescine (Dihydrochloride) 6.0
NaNO4 12.75 Myoinositol 220.0
Choline chloride 100.0

8 Algal species available from the Starr Collection at the University of Texas in ) B ) ] ]
Austin, TX, or the American Type Culture Collection in Rockville, MD, have been A Prepare in 500 mL quantities, store in the dark under refrigeration. .
found suitable for this purpose. X1.2.3.4 On Day 3 remove one half of tlie subcapitata
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cultures and store in the refrigerator. Nicotinamide 50
X1.2.3.5 On Day 7 remove the remainii) subcapitata F‘?k')icﬂACi_d 28
cultures. Mix equal volumes of 3-day old and 7-day old Ribgtevin %

cultures. Centrifuge the combined algae at 10 000 r/min for 10 __ ) )
min. Pour off the algal medium and resuspend the algal pellet After filtration through a 0.22-um membrane filter, this
(the pellet from 1 L of 3-day + 7-day mixture resuspends andsolution can be stored in a dark sterile bottle in a refrlgerat(_)r
stores conveniently in 60 mL of reconstituted water in afof at least 3 years or portions can be frozen. One mL of this
100-mL plastic bottle) in appropriate dilution or reconstitutedVitamin solution should be added to each liter of nutrient
water depending on anticipated needs. medium before the medl.um. is sterlhzeq. .

X1.2.3.6 When the alga is to be used as a food, remove it X1.2.5 The general prmup!es pf sterile technique should _be
from the refrigerator, allow it to warm up and adjust its O.D. to 00Served to prevent contamination of the algal culture with
0.4 at 750 nm and 16.8 mm light path. Food prepared in thidungi, bacteria, or other algal species. Glass_ware should be
manner generally contains between 10 andk140° cells/mL. washed anq sterilized as recommendecﬁo.dubla Although

X1.2.3.7 The 0.4 O.D. food can be used to culture and te%lhe algae will grow acceptab!y at 20 2°C with 1000 to 4500
D. magna, D. pulexandC. dubiaalthough the amounts used X for 14 to 1.6 h/day, they will grow faSter at 24 2°C with
to culture and test each species varies. The addition of rye gra§gntinuous light at 4300 to 4500 Ix. The light should be from
powder to the algal feeding suspension appears to facilita road s_,pectrumfluores_cent bu_Ib. It the algal_ culture is aerated
productivity ofC. dubia(cereal leaves, alfalfa, and wheat grass”Y. bubbling air Fhrqugh It, the air should be filtered through a
powder may substitute for rye grass powder). Rye grasg'zz'“m bacterial f|I'§er. . . L
powder should be prepared by adding it to ASTM Type Il water. X1.2.6 When sterile nutrient medium with vitamins is first
at a ratio of 7.5 gm/L and blending at high speed for 5 min. Thdnoculated with algae, there is usually a lag phase of 1 to 2 days
blended solution should be refrigerated overnight at 4°C. AftePfore growth becomes visible. This is followed by a log phase
refrigeration the solution should be filtered through a 40-unPf rapid growth that gradually levels off as the maximum cell
mesh sieve and stored in the refrigerator. Rye grass powd&eNSty IS approached. When the maximum crop is reached, the
prepared in this manner appears to lose its beneficial qualitid€!l concentration will remain fairly constant but the individual
as a food supplement after about 1 week. To prepare theells will continue to grow and age. Algae for feediGgdubia
algal-rye-grass-powder feeding suspension, remove the alggg°u!d be harvested during the log growth phase to ensure that
and rye grass powder from the refrigerator and allow them tghe algae_ areina healthy growth condition. The time it takes to
warm to room temperature. Count the number of cells in thé® from mocula_tlon to har.vest d_epends on t_he nutrient me-
algal concentrate and multiply by the volume of concentrate t&liUm. vessel size, light intensity, photoperiod, degree of
obtain the total number of cells in the concentrate. Divide the*eration, temperature, and amount anq condition of t'he Inocu-
total number of cells in the concentrate by the number of celld!M- AS @ general rule, a culture with adequate light and
per mL desired in the final feeding suspension. Do not dilute téeration is about one week from maximum cell density when
the final volume at this time. Divide thealculated final ~ th€ medium turns visibly green. _ _ .
volume of the algal feeding suspension by the number of mL X1.2.7 Algae are usually cultured in static or semicontinu-
to be added to a test chamber. Multiply this number by 0.12US systems. o
to get the volume of rye grass powder to add to the algal X1.2.7.1 Static cuIture; are usually mamtamgd in Erlenm-
concentrate before bringing the algal-rye-grass-powder mix€Yer flasks stoppered with loose cotton, plastic foam plugs,

ture to the final desired volume. Prepare only enough of thiohimatsu closures, or covered with beakers. If the flasks are
mixture at a time for one 7-day test. kept on a shaker table or well-mixed by bubbling air, the

X1.2.4 Ankistrodesmus convolutus, A. falcatus, Ch|amy_nutrient medium can be filled to 50 % of the total volume of the

domonas reinhardtiiandP. subcapitatacan be cultured using  1ask. If mixing is done once or twice a day by hand, the flask
the following procedures. should be filled to only 40 % of its volume. Small static

X1.2.4.1 Nutrient medium (Table 1 and Table 2) is prepareO(:ultures can be maintained in 250 to 500-mL flasks, but 2 to

by adding specified amounts of stock solutions to ASTM Type4'L Erlenmeyer flasks can be used to grow large amounts of

[l water. The quality of the water must be exceptionally goodalgae for fooc_i. The entire Coﬁte”ts should be harvested just
to obtain consistent growth and food value of the algae!Drlor to maximum cell density. New cultures_ Sho‘.“d be
Nutrient medium is sterilized prior to the addition of the alga&moculated often enough that at least one culture is available for

either by filtration through a 0.22-um membrane filter or byharvesting during the log growth phase every time food is

autoclaving. needed. . . .
X1.2.4.2 A vitamin solution for addition to the nutrient X1.2.7.2 Semicontinuous cultures allow for continuous pro-

medium should contain the following7): duction of large amounts of algae while maintaining the algae
’ in log growth phase by periodic removal of a portion of the

/L . . .
Biotin m95 algal culture and replacement with fresh medium. Convenient
Thiamine 100 culture vessels for this system are large aspirator bottles set on
Pyridoxine 100 magnetic stirrers and provided with an air line and a tube
Pyridoxamine 3 connected to a reservoir of sterile medium. With this system
Calcium pantothenate 250 . : Yy b
By 1 algae can be drawn off several times a week and fresh medium
Nicotinic Acid 50 gravity fed into the culture vessel. Semicontinuous cultures are
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more likely to become contaminated by bacteria than are statiwell and aerate continuously (digest) for one week at ambient
cultures. laboratory temperature. At the end of one week, replace any
X1.2.7.3 Algae can be separated from the nutrient mediumvater lost during digestion and filter 900 mL of the supernatant
by centrifugation or by letting the algae settle in a refrigeratorthrough a 100-um mesh filter. Discard the remainder.
The period of time required for the algae to settle is in part X1.3.3 Rye grass powder, cereal leaves, or alfalfa are
species dependent. It is not necessary to remove all the mediupnepared by adding 5.0 g of the powder to 1 L of distilled
but only to concentrate the algae so that addition of medium tavater. Store the mixture overnight.
C. dubiacultures and test solutions is minimal. X1.3.4 Yeast is prepared by addis g of dryyeastto 1 L
. of ASTM Type Il water. Stir with a magnetic stirrer until well
X1.3 Synthetic Food: dispersed or use a blender at low speed for 5 min. Place in a
X1.3.1 Numerous synthetic foods have been used to culturefrigerator overnight. Prior to use resuspend the yeast mixture.
and testC. dubia. Ceriodaphnidave been maintained using  X1.3.5 Combined trout chow rye-grass-powder-yeast food
only yeast or only rye grass powder. Yeast or rye grass powdes prepared by mixing equal volumes of the three solutions. A
should not be used alone with reconstituted water or othesuspended solids analysis should be conducted on each new
water with low bacteria counts. A recipe for preparing abatch of food to provide data on the consistency of the
synthetic food combining trout chow, or tropical fish flake preparation procedures and on the uniformity of each batch.
food, rye grass powder (or cereal leaves and dried alfalfa), antlhe final solids amount should be 1.7 to 1.9 g solids/L. Place
yeast, is given in the following paragraphs. This food oraliquots of the final mixture in small screw cap bottles. Fresh
variations of this recipe are often referred to as YTC, or TCYor thawed food is stored in the refrigerator between feedings,
(28). Cereal leaves and dried alfalfa from a pharmacy or healtland is used for a maximum of 1 week.
food store can be used in place of rye grass powder.
X1.3.2 Digested trout chow or flake food is prepared by ovyeast such as Fleischman's or St. Regis has been found suitable for this
adding 5 gm of trout chow to 1 L ASTM Type Il water. MiX purpose.

X2. CULTURE TECHNIQUES

X2.1 Two techniques that have been used to cul@re X2.1.2 Use 1-L glass beakers as culture vessels. Maintain
dubia are: cultures in several separate vessels to provide back-up in case

X2.1.1 Cultures initiated by adding 20 >12-h old neonatesPne is lost due to accident or other problems such as low
to 360 mL of reconstituted hard or soft water contained indissolved oxygen (D.O.), or lack of food. Fill the 1-L culture
500-mL jars. Feed these cultures at a rate of 12 mL of 0.4 O.Dvessels with 900 mL of media. A new culture is started each
algae plus rye grass powder (see X1.2.3) daily. Transfeweek, and the oldest culture is discarded. Using this schedule,
organisms to fresh reconstituted water on Day 3 prior to thel-L cultures will provide 500 to 1000 neonates per week.
addition of algae rye grass powder. After the 2nd brood hageeding the proper amount of food is extremely importai.in
been produced (generally Day 5 or 6 at 25°C), isolate thjubia culturing. The trout chow-rye-grass-powder yeast sus-
original females into 100-mL beakers containing 60 mL of thepension (see X1.3.1) will provide adequate nutrition if fed
appropriate reconstituted water (50-mL beakers containing 3fajly at a rate of 3 mL/L of medium containing 100 to 120
mL of medium will sufﬁce)_. To t_hese beakers add 1 mL of O-4organisms, not counting young produced.

O.D. algae/30 mL of media. Discard the mass culture and 1st

and 2nd brood young contained therein. X2.1.3 The culture medium in each vessel should be re-

X2.1.1.1 Use the 3rd brood young to start new cultures an@laced with fresh medium weekly by pouring one half ‘,Jf the
experiments. The isolated females generally produce betwed&@ntents of a culture vessel (450 mL of the 900 mL) into a

10 and 16 third brood neonates for use in starting cultures angi@llow container. Dispose of the remainder of the media and
experiments. animals unless needed in a test. Clean the vessel and add about

X2.1.1.2 This technique is particularly useful when the100 mL of fresh medium in the clean culture vessel. Remove
cohort experimental design (blocking on females) is used. Onapproximately 100C. dubiafrom the shallow container and
mass culture of this type is generally sufficient to produce aplace in the fresh media along with a small amount of the old
least 10 females whose young are within 12 h of each othemedium to provide seed bacteria for the new culture, and
Cultures may be started on consecutive days to ensure thaarefully add sufficient additional fresh medium to bring the
sufficient organisms are present on any given day. total volume to 900 mL(28).
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X3. TEST CHAMBERS

X3.1 Test chambers for natural and synthetic foods are irdjusting the food concentration. One reason for using 30-mL
part objective dependent but also are somewhat food typkeakers is that they fit conveniently under the objective of a
dependent. In experiments in which effluents are being testestereomicroscope, aiding in counting neonates. Viewing larger
using synthetic food<Z. dubiamay be tested in 30-mL beakers peakers on a black background from the top with a light source
containing 15 mL of media, fed at a rate of 0.1 mL TCY perfrom the back permits reasonably easy capture of neonates.
day. Researchers have also found that disposable plastic foaflowly rotating the beaker causes the neonates to swim away
quality cups can be used i8. dubiatesting. The cups are from the light source. At times during ambient water toxicity
convenient because they are disposable and because they fitiiyis or effluent tests, suspended solids settle out imparting a
the viewing field of most stereomicroscopes. light background to the bottom of the test chambers. When this

X3.2 Similar tests using natural foods might require test?CCUrs it is often easier to view the test chambers from the front

chambers that provide a somewhat greater depth of solution, #ith the light source behind and slightly above the test
allow algae to remain suspended in the water column for 24 Hthamber.

X3.3 In either case, larger beakers may be utilized by

X4. STATISTICAL GUIDANCE

X4.1 Introduction—The goals of statistical analysis are to cant if sample sizes are large or effects are very reproducible.
summarize, display, quantify, and provide objective yardsticksAn end point based solely on statistical significance might
for assessing the structure, relations, and anomalies, in datdepend as much or more on sample sizes as on the magnitude
The data display and statistical techniques most commonlgf the effect.
used to achieve these goals a@:{reliminary and diagnostic L . A
graphical displays ) pa%rwise ?;rgparison tgchniqueg such as X4.2.'1' An alternative is to Qieflne the end po!nt in terms of
ttests and 2 by 2 contingency table tests, &nalysis of & specified Qbsolute or rela_tlve amount of dlffer_ence from
variance (ANOVA) and corresponding contingency table testscOntrol organisms. A regression model would be fitted to the
(d) multiple comparison techniques for simultaneous pairwiséjata and a concentration associated with a specified amount of
Comparison of treatment groups W|th Contro' groupe) ( difference from the COI’]tI‘Ol(S) would be estimated using the
regression analysis, anfj ¢concentration effect curve analyses. model. For example, the concentration resulting in a specified
If used correctly, each of these techniques can provide usef@ercent decrease in number of live offspring might be esti-
information about the results of an acceptaBledubia7-day  mated along with confidence limits on the estimated concen-
test. tration. Results of 7-day tests would then be reported as point

X4.1.1 The three kinds of data obtained from toxicity tests€Stimates, with confidence limits, of the concentration ex-
are dichotomous or categorical (for example, mortality), counPected, to cause an amount of effect that was preselected as
or enumeration (for example, number of young), and continubeing unacceptable. However, no consensus currently exists
ous (for example, weight). Statistical methods for analyzingconcerning what constitutes significant preselected biological
dichotomous and other categorical data are directly analogowgifects.
to those for analyzing count and continuous data. However, for X4.2.2 In general, an end point defined in terms of a
technical reasons and because they arose from different appdtatistically significant difference is calculated using analysis of
cation areas, different terminology and computing tools wergyariance, contingency tables, or other hypothesis testing pro-
developed for analyzing the various kinds of data. The corregedures. An end point defined in terms of a specified amount of
sponding procedures are considered together herein. effect is calculated using regression analysis, concentration

X4.2 End Point—The primary end point of a life-cycle effect curve analysis, or other point estir_nation procedures.
toxicity test withC. dubiais based on the reduction in numbers R€dardless of the procedure used, suficient data should be
of live neonates produced by first-generat®ndubiaduring present in reports (see 16.1) to permit calculation of end points
the test. The end point generally has been defined in terms @ther than those chosen by the authors, and to allow other uses
whether differences from control organisms were statistically’f the data, such as modelling.
significant at the 5% level. One of the main conceptual
problems associated with such a definition of the end points is X4.3 Graphical Displays—These should be an integral part
that the notions of biological importance and statistical signifi-of every data analysi48). Preliminary scatter plots are
cance are logically distinct. Effects of considerable biologicaldesirable because they might provide insights into the structure
importance might not be statistically significant if sample sizef the data and reveal the presence of unanticipated relations or
are small or effects are extremely variable or both. Converselygnomalies. Histograms are useful for examining the distribu-
biologically trivial effects might be highly statistically signifi- tion of data before hypothesis testing. The advent of modern
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computers and statistical computing packafasas made the Analyses—ANOVA tests are often appropriate for untrans-
inspection of data patterns both easy and inexpensive. Fedfarmed continuous data, and for transformed categorical and
and Collins(49) illustrate the use of various types of prelimi- count data. Contingency table tests are usually appropriate for
nary and diagnostic graphical displays in analysis of data fronuntransformed categorical data. If evidence of chamber-to-
chronic toxicity tests. chamber heterogeneity is found, standard contingency table
. . analyses might be inappropriate for categorical data. In this
X4.4 Outlier Detection ProceduresData that do not  case it might be appropriate to apply an arc-sine variance

. . Stabilizing transformation to the proportion dead within each
often referred to as outliers, and might be due to randorTéxperimental unit, and perform an ANOVA on the transformed

\éarlatlpn orto clzrlcal or experimental errors.dStat|st|r<]:al ng_'erproportions. Feder and Collir{d9) illustrate transformation of
etection procedures are screening procedures that indicaiga pefore use of a contingency table test,

whether a datum is extreme enough to be considered, not due )
just to random variation. Barnett and Levi&0) describe many ~ X4-7.1 Both contingency table tests and ANOWAests are
overall tests that do not assume any particular form for the

outlier detection procedures, and Feder and Coll{AS) ¢ X
illustrate the use of several outlier detection procedures withie!ation between effects and concentrations. They are thus not

aquatic toxicological data. If outliers can be shown to be due t&€Signed to be particularly sensitive to one-sided, monotone
clerical or experimental error, they should be either correctef€NdS characteristically observed in toxicity tests. Specialized
or deleted from the data prior to analysis. If outliers are not€Sts have been designed to be more sensitive to relations of

known to be erroneous values, the question of how to deal witf{!iS tyPe. Some such tests are the One-Sided Measure of

them is a matter of judgment. It is often desirable to analyze th&'SSociation Tests, the Cochran-Armitage Test for categorical
data both with and without questionable values in order tflata, and tests based on linear or polynomial regression models

assess their importance, because one or a few extreme outlidf§ continuous datg34, 53)

can sometimes greatly affect the outcome of an analysis. X4.7.2 ANOVA tests are based on normal distribution
theory and assumea) that the data within treatments are a

X4.5 Data Transformations-Many standard statistical random sample from an approximately normal distribution,
procedures such as regression analysis and ANOVA, are basadd p) that error variance is constant between treatments. As
on the assumption that experimental variability is homogea part of the ANOVA, statistical tests for the assumptions of
neous across treatments. This assumption typically does nabrmality and homoscedasticity should be performed to deter-
hold for certain kinds of data. If data displays or tests ofmine whether there are any obvious violations of these
heterogeneity demonstrate that variability is not homogeneousssumptions. When results of an ANOVA are reported, the
across treatments, variance stabilizing transformations of thaNOVA model and table, thé statistic and its significance
data might be necessary. The arc sine, square root, anével, and the power of the test should be presented.
logarithmic transformations are often used on dichotomous,
count, and continuous data, respectivi@{). The question of ~ X4.8 Multiple Comparison ProceduresThe usual ap-
whether to transform raw data should be decided on #@roach to analyzing data from sublethal tests is to compare data
case-by-case basis after studying data displays, tests of hetefgr €ach concentration of the test material to data for the
geneity, and similar data from previous tests. In rea”ty,COHtI'O'S. In Fisher's Protected Test, which is only used if the
ANOVA and regression are not very sensitive to departure&NOVA F-test is significan{(54), each concentration of test
from normality and small deviations from this assumption arematerial is compared to the control(s) using thest. If the
not prohibitive. Nonparametric procedures might be importantnvestigator desires to set the experiment wise alpha, rather
aids in analyzing heterogeneous data. than a comparison wise alpha, Dunnett's proceddrk 55)

. o can be used without the ANOVA-test. Williams’ procedure

X4.6 Comparison of Solvent Control and Dilution-Water (54, 56)also tests the control(s) versus each concentration, but
Control—If both solvent and dilution water controls are makes the additional assumption that the true mean follows a
included in the test, they should be compared (for examplenonotonic relation with increasing concentration. The latter
using at-test for count and continuous data, Fisher’s ExaCtprocedure is more powerful if the assumption is correct.
Test, @ a 2 by 2contingency table test for categorical data pternatively, Tukey's (57) No Statistical Significance of
(52)). Adjustments for chamber-to-chamber heterogeneityrrend, (NOSTASOT) test can be used with the same assump-
might be necessary. The use of a large alpha level (for exampl@ens as Williams’ procedure. Shirle§s8) has developed a
0.25) will make it more difficult to accept the null hypothesis nonparametric equivalent for Williams' test and Williarg9)
when it should not be accepted. The test statistic, its signifihgs modified and corrected Shirley’s procedure to increase its
cance level, and the power of the test should be reported. power to detect the alternative hypothesis. Care must be taken
when using any of these procedures that an appropriate
estimate of variability is used, incorporating any chamber-to-
- chamber variation that is present. Presentation of results of
19 Statistical computer packages suclBasDP Biomedical Computer Programs,  each comparison should include the test statistic, its signifi-

P-series available from UCLA, Los Angeles, CA, ar@AS User’s Guide, Statistics . FPr ;

available from SAS Institute, Cary, NC, arftatistical Package for the Social cance level, the minimum Slgnlflcant difference, and the power
Sciencespublished by McGraw-Hill, New York, NY, 1970; ardinitab, published of the test.

by Duxbury Press, North Scituate, MA, all have been found suitable for this

purpose. X4.9 Regression Analysis and Concentration-Effect Curve

X4.7 Analysis of Variance and Contingency Table

17
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Estimation—An alternative to tests for statistically significant X4.9.2 When a regression model or concentration effect
differences is to fit concentration effect models or regressiomurve model is fitted, data for each experimental unit are
models to the data and estimate the concentration that corrglotted against concentration. If necessary, transformation of
sponds to a specified amount of difference from the controthe effect data or concentration data, or both, should be
treatment(60, 61) Concentration effect curve models, such asperformed to stabilize variability across treatments and to
probit and logit, are commonly used to describe trends irproduce a smooth trend. For example, if effects or concentra-
dichotomous data on survival. Linear and quadratic polynomiafions cover a range of one or more orders of magnitude, a
regression models are commonly used to describe trends iBgarithmic transformation of either concentration or effect, or
quantitative data on growth and reproduction. Toxicity testshoth, might be appropriate. On the basis of preliminary graphs,
should be designed to avoid the need for extrapolation, whicl regression model should be postulated and fitted to the data
can introduce biases into the estimates. using a linear or nonlinear regression fitting technique. Residu-
X4.9.1 Point estimates, such as the EC10, EC25, and EC5@Js from the model should be calculated and plotted against
are examples of end points calculated using regression analgppropriate variables. Any systematic structure in the residuals
sis. Whenever a point estimate is calculated, its 95 % confiindicates lack of fit of the model and the model should be
dence interval should also be calculated. Fin(&}) discusses modified and the procedure repeated. This cycling should
the probit model in considerable detail, and Moore and Cauxontinue until the pattern associated with the residuals is
(62), Draper and Smit63) and Neter, Wasserman, and Kutner minimized. Presentation of results of regression or concentra-
(64) discuss most practical aspects of regression analysision effect curve analysis should include the entire regression
Feder and Colling49) discuss use of these techniques inequation in its final form, along with the standard error of the

aquatic toxicology.

residuals.
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SUMMARY OF CHANGES

Committee E47 has identified the location of selected changes to this standard since the last issue
(E 1295 - 89) that may impact the use of this standard.

(1) Addition of a definition of “brood.” (6) Changes in age of neonates used to start test and acceptable
(2) A modification to the Summary of Guide (4.1). survival rates for control animals (12.9).

(3) Additional specifications concerning survival and repro-(7) Additional minor changes to wording and correction of
duction and deletion of size specifications (9.1.1). grammatical issues have been made throughout to document.

(4) Change in sample storage time (10.7).
(5) Revised specification for minimum renewal frequency
(12.8).
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