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QHny) Designation: E 1295 — 89 (Reapproved 1995)

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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 1.5 This guide is arranged as follows:

1.1 This guide describes procedures for obtaining data Section
concerning t_he_adverse effects of an effluent or a test m_aten@,leferenced Documents )
(added to dilution water, but not to food) dderiodaphnia  Terminology 3
dubiaRichard 1894, during continuous exposure throughout éym_r]pary of Stzngard ‘51
portion of the organism’s life. These procedures should also b E;;:;ﬁjnsce and vse .
useful for conducting life cycle toxicity tests with other Faciities 6.1
Cladocera (Guide E 1193), although modifications will be goqsgﬁctif? Materials gg

- es ambper .
necessary. _Te_sts of efﬂuent_s present particular challengesCleaningl 6.4
relative to dilution water, acclimation, etc. Demonstration of Feasibility 6.5

1.2 These procedures are applicable to most chemicalﬁ?’flgedmS ;
either individually or in formulations, commercial products, or o’ ion water °
known mixtures, that can be measured accurately at the requirements 9.1
necessary concentrations in water. With appropriate modifica- $0Uftce . gg
- reatmen .
tions these procedures can be used to conduct testS ONyacterization 9.4
temperature, dissolved oxygen, pH, and on such materials asst Material 10
aqueous effluents (see also Guide E 1192), leachates, oilsGeneral 101

. . tock Solution 10.3
particulate matter, sediments, and surface waters. RenewaéﬁcIuem 10.3
tests might not be applicable to materials that have high oxygen Test Concentration(s) 104
demand, are highly volatile, are rapidly biologically or chemi- gf;'s‘*::\'l‘;’slon 18-2
cally transformed, or sorb to test chambers. If the concentration ¢ iment 107
of dissolved oxygen falls below 40 % of saturation or theTest organisms 1
concentration of test material decreases by more than 20 % insf’gc'es ﬁ;
test solution(s) between renewals, more frequent renewalssgurce 13
might be necessary. Brood Stock 11.4

1.3 Other modifications of these procedures might be justi- E‘;‘;Z”ng ﬁg
fied by special needs or circumstances. Results of tests conqgaiy 7
ducted using unusual procedures are not likely to be compaocedure _ 12
rable to results of many other tests. Comparisons of results Experimental Design 121

btained . dified d dified . £ th Dissolved Oxygen 12.2
obtained using modified and unmodified versions of these remperature 123
procedures might provide useful information on new concepts Preparing Test Solutions 12.4
and procedures for conducting three brood toxicity tests with ¢onditioning Test Chambers 125

. Beginning the Test 12.6
C. dUbIa.. Renewing Test Solutions 12.7
1.4 This standard does not purport to address all of the Duration of Test 128
safety concerns, if any, associated with its use. It is the Biological Data 129
[ K . Other Measurements 12.10
re_sp0n5|bll|ty of the user of thls standard to e_stabllsh APPrO-analytical Methodology 13
priate safety and health practices and determine the applicaAcceptability of Test 14
bility of regulatory limitations prior to useSpecific hazard gg'{fg’r'f‘“o” o
statements are given in Section 8. Appendixes
Food X1

1 This guide is under the jurisdiction of ASTM Committee E-47 on Biological
Effects and Environmental Fate and is the direct responsibility of Subcommittee
E47.01on Aquatic Toxicology.
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Culture Techniques X2 an indication of the quality of the test organisms and the

Test Chambers X3 suitability of the dilution water, food, test conditions, handling

Statistical Guidance x4 procedures, etc., and)(the basis for interpreting data obtained
2 Referenced Documents from the other treatments. In each of the other treatments the

ten organisms are maintained in water to which a selected
concentration of test material (percentage of effluent or river, or
D 3978 Practice for Algal Growth Potential Testing with lake water) hgs been added. .Specmed data on t.he concentratmn
Selenastrum Capricornutiim of test material and the survival and reproduct|orCofdub|a
are collected and analyzed to determine the effect of the tested

E 380 Practice for Use of the International System of Units N . X
(SI) (the Modernized Metric Systefh) concentration (% effluent or ambient water) 6n dubia

E 729 Guide for Conducting Acute Toxicity Tests with 5. Significance and Use
Fishes, Macroinvertebrates, and Amphibfans 5.1 Ceriodaphniawas first used as a toxicity test organism
E 943 Terminology Relating to Biological Effects and En- p,y Mount and Norbergl).5 Introduced for use in effluent and

vironmentgl Fate ) . ambient water evaluations, the organism with adequate meth-
E 1023 Guide for Assessing the Hazard of a Material 10545 development should be a valuable addition to single
Aquatic Organisms and Their Uses chemical test procedures.
E 1192 Guide for Conducting Acute Toxicity Tests On 5> protection of a population requires prevention of unac-
Aqueous Effluents with Fishes, Macroinvertebrates, andepiaple effects on the number, weight, health, and uses of the

2.1 ASTM Standards:
D 1193 Specification for Reagent Water

Amphibiar_1§’ , ) .. individuals of that species, or species for which the test species
E 1193 Guide for Conducting Renewal Life-Cycle Toxicity gerves as a surrogate. A three brood toxicity test is conducted
Tests withDaphnia magna to help determine what changes in the number of neonates

3. Terminology .pro.dyced, survival, and perhaps length or weight, or both, of
' } individuals of the test species result from exposure to the test
3.1 The words “must,” “should,™ may,” “can,” and “might”  naterial.

have very specific meanings in this standard. “Must” is used to 5 3 Results of three-brood toxicity tests with dubiamight

express an absolute requirement, that is, to state that the 1§t ysed to predict chronic effects on species in field situations

ought to be designed to satisfy the specified condition, unlesgs 3 result of exposure under comparable conditions.

the purpose of the test requires a different design. “Must’ is 5 4 Results of three-brood toxicity tests with dubiamight

only used in connection with factors that directly relate to thepe ysed to compare the chronic sensitivities of different species

acceptability of the test (see Section 14). “Should” is used tQyng the chronic toxicities of different materials, and to study

state that the specified condition is recommended and ought {fie effects of various environmental factors on results of such

be met in most tests. Although a violation of one “should” istagtg.

rarely a serious matter, violation of several will often render the 5 5 Results of three-brood toxicity tests wigh dubiamight
results questionable. Terms such as “is desirable,” “is oftefhe yseful for predicting the results of chronic tests on the same
desirable,” and “might be desirable” are used in connectioRest material with the same species in another water or with
with less important factors. “May” is used to mean “is (are) another species in the same or a different water. Most such
allowed to,™ can” is used to mean “is (are) able t0,” and pregictions are based on the results of acute toxicity tests, and
“might” is used to mean “could possibly.” Thus the classic sy the usefulness of the results of a three-brood toxicity test
distinction between “may” and “can” is preserved, and “might”\ith C. dubiamight be greatly increased by also reporting the
is never used as a synonym for either “may" or “can.” results of an acute toxicity test (see Guides E 729 and E 1192)

3.2 For definitions of other terms used in this standard, refegongucted under the same conditions. In addition to conducting
to Guide E 729, Terminology E 943, and Guide E 1023. For amyy gcute test with unfe@. dubig it might also be desirable to
explanation of units and symbols, refer to Practice E 380.  ¢onduct an acute test in which the organisms are fed the same
4. Summary of Guide as in the 'three—brood test, to see if the presence of that

' concentration of that food affects the results of the acute test

4.1 In each of two or more treatments, at least ten organismgnd the acute chronic ratio (see 10.4.1).
less than 12-h old at the beginning of the te&3t,dubiaare 551 A 48- or 96-h EC50 or LC50 can sometimes be
maintained individually in separate test chambers (or in sepasptained from a three-brood toxicity test with a known test
rate compartments in two or more test chambers). One or mok@aterial, but often all the concentrations in the test will be
additional groups of ten less than 12-h @d dubiaserve as pelow the EC50 or LC50. In addition, it is usually desirable to
Contl’0| treatments, that COﬂSiStS Of maintaining Organisms i'RnOW the EC50 or LC50 before beginning the three_brood test
water to which no test material has been added in order tgsee 9.3). However, in the three-brood ambient water and
provide @) a measure of the acceptability of the test by givingeffluent tests it is not unusual to observe acute toxicity.

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

2 Annual Book of ASTM Standardgol 11.01.

2 Annual Book of ASTM Standardgol 11.05. —_—

4 Annual Book of ASTM Standardgol 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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relationships between, test materials. particles. Copper, brass, lead, galvanized metal, and natural
5.7 Results of three-brood toxicity tests with dubiacan  rubber should not contact dilution water, stock solutions,
vary with temperature, quality and quantity of food, quality of effluents, or test solutions before or during the test. Items made
the dilution water, condition of the test organisms, and otheof neoprene rubber and other materials not mentioned above
factors. should not be used unless it has been shown that their use will
5.8 Results of three-brood toxicity tests withdubiamight  not adversely affect either survival, reproduction, or when
be an important consideration when assessing the hazards wieasured length or weight, or both, ©f dubia(see 14.1, d,
materials to aquatic organisms (see Guide E 1023), or wheande).
deriving water quality criteria for aquatic organisms. 6.3 Test Chambers

6. Apparatus 6.3.1 In a toxicity test with aguatic organisms, test chambers
6.1 Facilities—Culture and test chambers should be main-2"€ defined as the smallest physical units between which there

tained in a constant temperature room, incubator, or recirci@ € ng watecrj (t:onnecilo?\z. However, screents, tuk:es, ,f#pS* etﬁ'*

lating water bath. If dilution water is not prepared batchwise, it"'2Y P€ US€d 1o creaté two or more compartments within €ac

is usually piped directly from the source of an eIevatedCh"’lmber if @) first insrt]arC. d;)bi"?‘ canno:) movehfrom orr:e
headbox so it can be gravity-fed into culture tanks andcompartment to another, an )(it has been shown that

containers used to prepare test solutions. Strainers and air tragér‘t:'val' rerp])roductlon,hand wr|1en meaSl:rid length or weight, or
should be included in the water supply system. The head-boR0th: areé the same when only some of the compartments in a
should be equipped for temperature control and aeration. Ai&:hamber contain first-generation organisms (organisms used to

used for aeration should be free of fumes, oil, and water: filterditidte a test) as when all the compartments in a chamber
to remove oil and water are desirable. Filtration of air throughCOntain first-generation organisms. Thus, test solution can flow

a 0.22 um bacterial filter might be desiratf®). The facility (chambers are not considered replicates in static tests), from

should be well ventilated and free of fumes. To further reduc®N® compartment to another within a test chamber, but, by
the possibility of contamination by test materials and otherd€finition, cannot flow from one chamber to another. Because
substances, especially volatile ones, the culture tanks shouftp!ution can flow from one compartment to another in the same
not be in a room in which toxicity tests are conducted, stock of€St chamber, the temperature, concentration of test material,
test solutions are prepared, effiuent or test material is stored, Gd 1evels of pathogens and extraneous contaminants, will be
equipment is cleaned. During culture and testing, organism&10r€ similar between compartments in the same test chamber
should be shielded from disturbances with curtains or partitiond12n Petween compartments in different test chambers in the
to prevent unnecessary stress. A timing device should be usédMe treatment.
to provide a 16-h light and 8-h dark photoperiod. A15-to 6.3.2 Many seven-day toxicity tests with dubiahave been
30-min transition period(3) when lights go on might be conducted with each test organism in a separate 30 mL beaker
desirable to reduce the possibility of organisms being stresse&Pntaining 15 mL of test solution or disposable plastic salad-
by instantaneous illumination; a transition period when lightsdressing cups. Any container made of glass, Type 316 stainless
go off might also be desirable. steel, or a fluorocarbon plastic may be usedaif ¢ach first
6.1.1 WhenC. dubiaare fed algae, a high light intensity generatiorC. dubiais in a separate chamber or compartment,
might cause sufficient photosynthesis to result in a pH higrand @) each chamber contains sufficient test solution to
enough to kill Cladocerg4). Thus the maximum acceptable Provide adequate surface area to maintain dissolved oxygen
intensity is dependent on the buffer capacity of the dilutionconcentrations acceptable to the test organisms (11.4.3, 12.2).
water, species and density of algae, and kind of test chambé¥l chambers (and compartments) in a test must be identical.
and cover. Intensities up to 600 Ix will usually be acceptableChambers should be covered with glass, stainless steel, nylon,
but higher intensities might be better or worse, depending oRr fluorocarbon plastic covers or Shimatsu closures, to keep out
other conditions. extraneous contaminants and to reduce evaporation of test
6.2 Construction Materials-Equipment and facilities that solution.
contact stock solutions, effluents, test solutions, or any water 6.4 Cleaning—Test chambers and equipment used to pre-
into which organisms will be placed should not containpare and store dilution water, stock solutions, effluent, and test
substances that can be leached or dissolved by aqueosslution, should be cleaned before use. The methods used to
solutions in amounts that can adversely affect organisms. Inlean the test containers might depend in part on the material
addition, equipment and facilities that contact stock solutionsfrom which they are made. New glass and stainless steel items
test solutions, or effluents should be chosen to minimizeshould be washed with detergent and rinsed with water, a
sorption of test materials and components of effluents fronwater-miscible organic solvent, water, acid (such as 10 %
water. Glass, Type 316 stainless steel, nylon, and fluorocarbaroncentrated hydrochloric acid), and at least twice with water
plastics should be used whenever possible to minimize leactihat meets the specifications of ASTM Type 1l (see Specifica-
ing, dissolution, and sorption. Concrete and rigid plastics mayion D 1193). Some lots of some organic solvents might leave
be used for culture tanks and in the water supply system, bu film that is insoluble in water. At the end of a test, all items
they should be soaked, preferably in flowing dilution water, forthat are to be used again should be immediata)yeMmptied,
several days before ug®g). Cast iron pipe may be used in (b) rinsed with water, € cleaned by a procedure appropriate
supply systems, but colloidal iron might be added to thefor removing the test material (for example, acid to remove
dilution water and strainers will be needed to remove rusimetals and bases; detergent, organic solvent, or activated
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carbon to remove organic chemicals), ai)l (insed at least supply, the dilution water shoulé) be acceptable t€. dubig
twice with ASTM Type Il water. Test chambers should be (b) not unnecessarily affect results of the test, ac}dbe of
rinsed with dilution water just before us@larning: Cleaning  uniform characteristics. In effluent testing, upstream dilution
procedures which use dichromate-sulfuric acid or hypochloritevater might be toxic. If the objective of the effluent test is to
are discouraged because they are hazardous and might lea%etermine the toxicity of the effluent independent of the
residues which might contaminate test solutions. upstream water, a reconstituted water of similar hardness,
alkalinity and pH may be used as the dilution water. However,
it should be understood that when this is done one might not

nly remove the confounding results of upstream toxicity, but

Iso other factors (suspended solids, humic acids, etc.,) that
}ﬁight otherwise act to reduce or increase the toxicity of the
effluent.

7. Reagents and Materials

7.1 General—The test material should be reagent gfaole
better, unless a test on an effluent, a formulation, commerci
product, or technical-grade or use-grade material is specificall
needed.

7.2 Purity of Water—Unless otherwise indicated, references _— . .
to water shall be understood to mean reagent water as defined®-1-1 The dilution water must allow satisfactory survival,

by Type Il of Specification D 1193. and reproduction of. dubia(sge 14.d, e andf). Thg dilution
water should not unnecessarily affect length or weight, or both,
8. Hazards of C. dubiaif these characteristics are to be measured.

8.1 Many materials can affect humans adversely if precau- 9.1.2 The characteristics of the dilution water should be
tions are inadequate. Therefore, skin contact with all testiniform so that brood stock is cultured, and the test conducted,
materials, effluents, and solutions of them should be miniin water of the same characteristics. In tests to evaluate the
mized, by such means as wearing appropriate protective glovesxicity of ambient waters, additional controls should be
(especially when washing equipment or putting hands in tes¢onsidered using acceptable quality dilution water (see 9.1.1)
solutions), laboratory coats, aprons, glasses, and by using tubggh similar chemical characteristics (for example, pH, hard-
to remove organisms from test solutions. Special precautiongess, and alkalinity).
such as covering test chambers and ventilating the areagq 1 3 The characteristics of the dilution water should be

surrounding the cham_bers, should _be taken yvhen Cor]ducm\%iform during the test. The range of hardness during the test
tests on volatile materials. Information on toxicity to humanssh0u|d be less than 5 mg/L or 10 % of the average, whichever
(6), recommended handling procedu(@, and chemical and s higher. In effluent testing where upstream water is used as

physflcal properties of t.he test matena! or effluent should bedilution water the variance associated with hardness might
studied before a test is begun. Special procedures may t??aturally exceed these values

necessary with radiolabeled test materi@sand with mate- . . .
y (@l 9.1.4 Ifitis desired to study the effect of an environmental

rials that are, or are suspected of being, carcinogé)ic ! .
P 9 96) factor such as total organic carbon, (TOC), particulate matter,

8.2 Although disposal of stock solutions, test solutions, dissolved h its of a threebrood Gith
effluents, and test organisms poses no special problems in m ISsolved oXygen on the results of a three roo test @it
gbla, it will be necessary to use a water that is naturally or

cases, health and safety precautions and applicable regulations:,.“ . . . 4
should be considered before beginning a test. Removal d@tficially high in TOC or particulate matter or low in
degradation of test materials or effluents might be desirabldiSSolved oxygen. If such a water is used, it is important that
before disposal of solutions. adequate analyses be performgd to characterize thg water and
8.3 Cleaning of equipment with a volatile solvent such adhat & comparable test be available or conducted in a more
acetone should be performed only in a well-ventilated area iysual dllytlon water to facilitate interpretation of the results in
which no smoking is allowed and no open flame, such as a pildf'€ SPecial water.
light, is present. 9.2 Source
8.4 Acidic solutions and hypochlorite solutions should not 9.2.1 If a natural fresh water is used it should be obtained
be mixed because hazardous fumes might be produced. from an uncontaminated source of uniform characteristics. A
8.5 To prepare dilute acid solutions, concentrated acidvell or spring that has been shown to be of acceptable
should be added to water, not vice versa. Opening a bottle afharacteristics is usually preferable to a surface water. If a
concentrated acid and mixing concentrated acid with watesurface water is used, the intake should be positioned to
should be performed only in a fume hood. minimize fluctuations in characteristics and the possibility of
8.6 Because dilution water and test solutions are usuallgontamination, and to maximize the concentration of dissolved
good conductors of electricity, use of ground fault systems andxygen to help ensure low concentrations of sulfide and iron.
leak detectors should be considered to help prevent electric@urface waters should be filtered (80-um mesh) to remove
shocks. potential predators and competitors©f dubia

9. Dilution Water 9.2.2 Widespread use of one reconstituted water will in-
crease comparability of test results. The hard reconstituted
fresh water described in Guide E 729 has been used success-
. fully by several people (but see X1.1). Addition of 5 ug of
“Reagent Chemicals, American Chemical Society Specifications,” Am. Chemi-, i H i - i

cal Soc., Washington, DC. For suggestions on the testing of reagents not listed k%elemu.m(l?) and 1 Hg I’(l)f CryISta"me Vltamlm ﬁ”‘ (11) mlght .

the American Chemical Society, see “Analar Standards for Laboratory U.K.O€ de5|_rab eC. dubiahas a_so peen cultured anc_i tested in
Chemicals,” BDH Ltd., Poole, Dorset, and the “United States Pharmacopeia.” reconstituted soft water. Acclimation in one reconstituted water

9.1 Requirements-Besides being available in adequate
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and testing in another of different hardness or alkalinity shouldeffluents the following should be known about the test material:
be avoided. 10.1.1 Identities and concentrations of major ingredients

9.2.3 Chlorinated water should not be used as, or in thand major impurities, for example, impurities constituting
preparation of, dilution water because residual chlorine is quiténore than 1 % of the material.
toxic to Cladocerg12). Dechlorinated water should be used 10.1.2 Solubility and stability in the dilution water.
only as a last resort because dechlorination is often incomplete. 19.1.3 An estimate of the lowest concentration of test
Sodium bisulfite is probably better for dechlorinating watermaterial that is acutely toxic t€. dubia
than sodium sulfite, and both are more reliable than carbon 141 4 Accuracy and precision of the analytical method at
filters, especially for removing chloramings3). Some organic planned test concentration(s).
chloramines, however, react slowly with sodium bisulfité).
In addition to residual chlorine, municipal drinking water often
contains unacceptably high concentrations of copper, lea
zinc, and fluoride, and quality is often rather variable. Exces-
sive concentrations of most metals can usually be reduced Witg
a chelating resirf15), but use of an alternative dilution water
might be preferable.

9.3 Treatment

9.3.1 Dilution water should be aerated intensively by sucr{n
means as air stones, surface aerators, or column aergtéys, €
17) prior to addition of test material. Adequate aeration will
bring the pH and concentrations of dissolved oxygen and other . . At
gases into equilibrium with air and minimize oxygen deman ble, and redu0|l_)le ”.‘ate”a's* t.h.e p_referred solvent is dilution
and concentrations of volatiles. The concentration of dissolve&v‘f"ter’ although filtration or sterilization, or both, of the water

oxygen in dilution water should be between 90 and 100 % of "gNt be necessary. If the hardness of the dilution water will
saturation(18) to help ensure that dissolved oxygen concen-Not be affecte_d, distilled and de|on|_z<_ad water may be used.
veral techniques have been specifically developed for pre-

trations are acceptable in test chambers. Supersaturation a? . ) .

dissolved gases that can be caused by heating the diluti ring aqueous stock solutions of slightly soluble materials

water, should be avoided9) 1). Minimum amounts of strong acids or bases may be used
9_3"2 Filtration through éand rock, bag, or depth typein the preparation of agueous stock solutions, but such reagents

cartridge filters may be used to keep the concentration ofidnt affectthe pH of test solutions appreciably. Use of a more

particulate matter acceptably low (see 9.2.1), and as a pretreaﬁQIUble form of the test material, such as chloride or sulfate

ment before ultraviolet sterilization or filtration through a finer salts of organic amines, sodmm or .potassmm salts of phe_nols
filter. and organic acids, and chloride or nitrate salts of metals, might

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 mairf7ond acids and bases. . , .
tained ultraviolet sterilizen20) equipped with an intensity ~ 10-2.3 If a solvent other than dilution water is used, its
meter and flow controls, or passed through a membrane filggoncentration in test solutions should be kept to a minimum
with a pore size of 0.20 um. Water that might be contaminate@nd should be low enough that it does not affect survival, or
with Aphanomyces daphniahould be autoclavet?). reproduction ofC. dubia(and length or weight, or both, if these
9.4 Characterizatior—The following items should be mea- characteristics are to be measured). Because of its low toxicity
sured in the dilution water at least twice each year and morf® aguatic animalg22), low volatility, and high ability to
often if such measurements have not been made semiannuaflipSolve many organic chemicals, triethylene glycol is often a
for at least two years, or if a surface water is used: hardnes§00d organic solvent for preparing stock solutions. Other
alkalinity, conductivity, pH, particulate matter, total dissolved water-miscible organic solvents such as methanol,_ethan_ol, and
solids, total suspended solids, TOC, organophosphorus pesfi¢étone may also be used as solvents, but they might stimulate
cides, organic chlorine, (or organochlorine pesticides plusindesirable growth of microorganisms and besides, acetone is
PCBs), chlorinated phenoxy herbicides, phthalate esters, arfiuite volatile. If an organic solvent is used, it should be reagent
monia, cyanide, sulfide, chloride, bromide, fluoride, iodide,9rade or bettef. A surfactant should not be used in the
nitrate, phosphate, sulfate, calcium, magnesium, sodium, pdreparation of a stock solution because it might affect the form
tassium, aluminum, arsenic, beryllium, boron, cadmium, chro@nd toxicity of the test material in test solutions.
mium, cobalt, copper, iron, lead, manganese, mercury, molyb- 10.24 Ifa solverjt other than water is used), 4t least one
denum, nickel, selenium, silver, and zinc. For each metho&olvent control, using solvent from the same batch used to
used (see 13.3) the detection limit should be below eithpr ( Make the stock solution, must be included in the test ahnd (
the concentration in the dilution water, ob)(the lowest dilution water control, must be included in the test. If no
concentration that has been shown to affect adversely theolvent other than water is used, a dilution water control must

10.1.5 Estimate of toxicity to humans and recommended

(51andling procedures (see 8.1).
' 10.2 Stock Solution

10.2.1 In some cases the test material can be added directly
dilution water, but usually it is dissolved in a solvent to form
a stock solution that is then added to the dilution water. If a
stock solution is used, the concentration and stability of the test
aterial in it should be determined before the beginning of the
st. If the test material is subject to photolysis, the stock
solution should be shielded from light.
10.2.2 Except possibly for tests on hydrolyzable, oxidiz-

survival, and reproduction of. dubia be included in the test.
) 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 thancontain the same concentration of solvent.
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10.2.4.2 If the concentration of solvent is not the same in ald8-h static-acute toxicity test (see Guide E 729) on the test
test solutions that contain test material, eith@rg solvent test material using the same dilution water a@ddubialess than
must be conducted to determine whether the survival, oi2-h old. Because the food used in a threebrood toxicity test
reproduction ofC. dubiais related to the concentration of the sometimes affects the results of the acute (8), acute test
solvent over the range used in the toxicity test, (if length orshould be conducted with and without the food added to the
weight, or both, ofC. dubiais to be measured they too should dilution water. If an acute chronic ratio has been determined for
be independent of the concentration of solvent),rsfich a  the test material with a species of comparable sensitivity, the
solvent test must have already been conducted using the samesults of the acute test witi. dubiacan be divided by the
dilution water andC. dubia If either survival, reproduction, or acute-chronic ratio.
length or weight, or both, is found to be related to the 10.4.2 In some (usually regulatory) situations, it is only
concentration of solvent, a threebrood toxicity test w@h  necessary to determine whether one specific concentration of
dubiain that water is unacceptable if any treatment containedest material or effluent unacceptably affects survival, repro-
a concentration of solvent in that range. If neither survival,duction, (or length or weight, or both). For example, the
reproduction, or length or weight, or both, is found to bespecific concentration might be the concentration occurring in
related to the concentration of solvent, a three-brood toxicitya receiving water, the concentration resulting from the direct
test with C. dubiain that water may contain solvent concen- application of a material to a body of water, or the solubility
trations within the tested range, but the solvent control muslimit of a material in water. When there is interest only in a
contain the highest concentration of solvent present in any opecific concentration, it is often necessary to test only that
the other treatments. specific concentration (see section 12.1.1.2).

10.2.4.3 If the test contains both a dilution water control and 10.5 Collection

a solvent control, the survival, and reproduction, (and length or 10.5.1 Several different methods may be used to collect
weight, or both, if these characteristics are measuredy;.of effluent samples for toxicity tests. Selection of a method should
dubiain the two controls should be compared (see X4.6). If abe based on the type of test that is to be conducted, the
Statistically Significant difference in either survival, reprOdUC-Characteristics of the effluent, any treatment techno|ogies
tion, (and length or weight, or both) is detected between themployed, the rate and manner by which the effluent is
two controls, only the solvent control may be used for meetingischarged into the receiving water, and the average retention
the requirements of 144, d, ande as the basis for calculation time of the effluent. Industrial or municipal facilities occasion-
of results. If no statistically significant difference is detected,a|ly discharge directly, with no provision for effluent retention.
the data from both controls should be used for meeting thén the more typical situation, however, holding and treatment
requirements of 14.&, d, ande as the basis for calculation of ponds provide some duration of effluent retention. The reten-
results. tion time should be measured because channeling sometimes
10.2.5 If a solvent other than water is used to prepare a stoakauses the average retention time to be substantially less than
solution, it might be desirable to conduct simultaneous testthe calculated or design retention time.
using two chemically unrelated solvents or two different 10.5.2 Renewal toxicity tests should generally be conducted
concentrations of the same solvent to obtain informatioron effluent obtained by the following methods:
concerning possible effects of solvent on results of the test.  10.5.2.1 If the average retention time of the effluent is less
10.3 Effluent than 24 h, a 24-h composite sample should be collected daily,
10.3.1 Sampling Point-The effluent sampling point should diluted appropriately, and used for daily renewals (see
be the same as that specified in the National Polutant Dischardé.5.2.3).
Elimination System, (NPDES) monitoring permit. In some 10.5.2.2 If the average retention time is greater than 24 h, a
cases, a sampling point between last treatment and the digrab sample should be collected daily, diluted appropriately,
charge point might provide much better access. If the waste iand used for daily renewals.
chlorinated, it might be desirable to have sampling points both 10.5.2.3 If an effluent is known, or suspected, of being
upstream and downstream of the chlorine contact point t®ighly variable in terms of constituents and retention time is
determine the tOXiCity of both chlorinated and unchlorinated|ess than 24 h, grab Samp|es m|ght be more representative of
effluent. The schedule of effluent sampling should be based ofyxicity potential. In addition, more frequent renewal intervals
an understanding of the short- and long-term operations anghight be desirable.
schedules of the discharger. Although it is usually desirable t0 190524 |n most cases composite or grab sampling as
evaluate an effluent sample that most closely represents thesscriped will be suitable. It is recommended that provisions
normal or typical discharge, conducting tests on atypicahe made for cooling samples to 4°C during the collection of
samples might also be informative. composite samples. In some cases, flow-proportional sampling
10.4 Test Concentration(s) might be desirable. Such situations will be governed by the
10.4.1 If the test is intended to provide a good estimate oéffect of flow variation on the retention time of the effluent, and
the highest concentration of test material or effluent that willin turn, the effect of altered retention time on loss of compo-
not unacceptably affect the survival, reproduction, and lengtiments of the effluent. Generally, losses will occur eittarig
or weight, or both, ofC. dubig the test concentrations (see a treatment basin, ob) due to hydrolysis or other naturally
12.10.2.2) should bracket the best prediction of that concemsccurring phenomenon. Flow-proportional sampling, there-
tration. Such a prediction is usually based on the results of #ore, is recommended only when the variation in flow has a



b £ 1295

substantial effect relative to these factors. Other samplinglensity of organisms is no more than 1 to 2 organisms/15 mL,
techniques are described in detail by Shéy). surface aeration should provide adequate dissolved oxygen.

10.6 Preservatior—If samples are not used withi2 h of 11.5 Food—Various combinations (see Appendix X1) of
collection, they should be preserved by storing them in the darkrout chow, yeast, rye grass powdeand algag(26) such as
at about 4°C. Storage time is in part dependent on effluent typ&nkistrodesmus convolutus, A. falcatus, Chlamydomonas rein-
but should not exceed 72 h. hardtii, and Selenastrum capricornutunnave been success-

10.7 Treatment—The sample of effluent must not be altered fully used for culturing and testin@. dubia The food should
except that it may be filtered through an 80-um sieve or screebe analyzed for the test material, if it might be present.
to remove potential predators. Undissolved materials should be 11.6 Handling—C. dubiashould be handled as little as
uniformly dispersed by gentle agitation immediately beforepossible. When handling is necessary, it should be done as
any sample of effluent is distributed to test chambers. gently, carefully, and quickly as possible, so that the organisms
. are not unnecessarily stressed. Organisms should be introduced
11. Test Organisms into solutions beneath the air water interface. Organisms that

11.1 Species-The genusCeriodaphniais undergoing a touch dry surfaces or are dropped or injured during handling
revision. Berne(25) investigated the taxonomy @feriodaph-  should be discarded. Smooth glass tubes with an inside
nia in U.S. EPA cultures and based on this study the earlyjiameter of at least 3 mm should be used for transferring adult
published reference in toxicological literature @ dubia/  C. dubig and the amount of solution carry over should be
affinis was most likelyC. dubia Identification of the species minimized. Equipment used to handle organisms should be
employed in testing is the responsibility of the reportingsterilized between uses by autoclaving or by treatment with an
investigator. iodophor(27).

11.2 Age—Three-brood toxicity tests wit. dubiashould 11.7 Quality—To increase the chances of a test being
be started with organisms less than 12-h old. Using neonategceptable (see 14.1), the test should not be begun with young
born within a narrow age range, for example, less than 12-h ol¢hat were in the first or second brood fra dubianor with
and born within 4-h of each other is desirable. young fromC. dubiathat @) is sick (2, 28) or incompletely

11.3 Source—All organisms used in a test must be from the developed, If) did not produce at least 6 to 8 young in the
same brood stock. The two (and preferably five) prior generaprevious brood, ord) is from a culture in which ephippia was
tions must have been raised from birth using the same foogroduced or in which substantial mortality occurred during the
water, and temperature as will be used in the threebrood tesfeek prior to the test. Organisms used to initiate a test should
This will not only acclimate the organisms, but will also help pe able to survive, without food, for a minimum of 48 h in the
demonstrate the acceptability of the food, water, etc., beforgppropriate dilution water. If the dilution water might contain
the test. Acclimation of organisms for effluent tests in whichfood it might be desirable to filter it through a 0.22-pm filter to
natural dilution waters are used might be difficult to achieve. Inensure removal of potential food.
some cases available (upstream) dilution water might be toxic
and an alternative dilution water will have to be employed in12. Procedure
those cases in which effluent toxicity independent of ambient 12.1 Demonstration of Feasibility-Before a toxicity test is
water toxicity is the testing objective. conducted in new test facilities, it is desirable to conduct a

11.4 Brood Stock “non-toxicant” test, in which all test chambers contain dilution

11.4.1 C. dubiais generally available from government, water with no added test material or effluent, to determine
academic, and private laboratories, engaged in toxicity testindnefore the first toxicity testa) whetherC. dubiawill survive,
Brood stock can be obtained from another laboratory or and reproduce acceptably (see 14.,1le andf) in the new
commercial source. When organisms are brought into théacilities, () whether the food, water, handling procedures,
laboratory, the water in which they were transported should betc., are acceptableg)(whether there are any location effects
gradually replaced with new dilution water over a period ofon survival, and reproduction, and length or weight, or both, if
two or more days. The water temperature should be changed titese are to be determined, amf)l {0 evaluate the magnitude
a rate not to exceed 3°C within 12 h until the desiredof the within and between chamber variances.
temperature is reached. 12.2 Experimental Design

11.4.2 C. dubia has been cultured in a variety of systems, 12.2.1 Decisions concerning experimental design, such as
such as in large groups of aquaria, in smaller mass cultures, amidimber of treatments, dilution factor, and numbers of test
individually in a variety of smaller chambers. chambers and organisms per treatment, should be based on the

11.4.3 Brood stock should be cultured so they are nopurpose of the test and the type of procedure that is to be used
unnecessarily stressed. To maint@indubiain good condition  to calculate results (see 15.1). One of the following two types
and avoid unnecessary stress, crowding and rapid changes oh experimental designs will probably be appropriate in most
temperature or water quality should be avoided. In generalases.
organisms should not be subjected to more than a 3°C changel2.2.1.1 A three-brood toxicity test intended to allow cal-
in water temperature in any 12-h period, and preferably notulation of an end point (see X4.2) usually consists of one or
more than 3°C in 72 h. Cultures should be regularly fed enough
food to support adequate reproduction. Culture chambers , . o
should be cleaned periodically to remove feces, debris, anghs been found suitabe fo this purpose. See Chemical Absract Service Number,
uneaten food. If culture chambers are properly cleaned and the\s 1000842-92-0.
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more control treatments and a geometric series of at least fiveeparate compartment within a test chamber), remove young
concentrations of test material or effluent. In the dilution waterdaily, and feed each first-generation daphnid daily. Although
or solvent control(s), or both, organisms are exposed to dilutiomcreasing the number of test chambers per treatment and
water to which no test material has been added. In tests adincreasing the number of separated organisms per treatment
effluents, a performance control (one group of 10 replicates ifboth improve the experimental design, statistically the best use
dilution water normally used to culture the organisms in theof any specific number of test organisms is to place each one in
laboratory) is included in the experimental design. Results: separate chamber.
from these replicates help ensure, especially in those cases in12.2.4 The minimum desirable number of test chambers and
which the organisms have been transported to a testing sitihdividual organisms per treatment should be calculated from
that the organisms survival, reproduction, (and length ora) the expected variance within test chambéjdiie expected
weight, or both) are comparable to results routinely obtained ivariance between test chambers within a treatment and, (
the laboratory. either the minimum difference that is desired to be detectable
12.2.1.2 Except for the control(s) and the highest concendsing hypothesis testing, or the maximum acceptable confi-
tration, each concentration should be at least 50 % of the nextence interval on a point estimg@0). If such calculations are
higher one, unless information concerning the concentratiofot made, at least two test chambers and ten physically
effect curve indicates that a different dilution factor is moreseparated individual organisms must be in each treatment (test
appropriate. At a dilution factor of 0.5, five properly chosenconcentration and control). Replicate test chambers (that is,
concentrations are a reasonable compromise between cost agxperimental units) are necessary in order to allow estimation
the risk of all concentrations being either too high or too low.0f experimental erro28). If (a), more than five concentrations
If the estimate of chronic toxicity is particularly nebulous (seeOf test material or effluent are tested, ank), (each test

10.4.1), six or seven concentrations might be desirable. ~ concentration is more than 50 % of the next higher one epd (
the data are to be analyzed using regression analysis, fewer

12.2.1.3 If it is necessary only to determine whether a i : ,
specified concentration causes adverse effects (see 10.4.8jganisms per concentration of test material, but not the control

only that concentration and the control(s) are necessary. TWQgeatmen.t(s), may be l{SGd- Because.of t_he importar_1ce of the
additional concentrations at about one-half and two times th&0ntrols in the calculation of results, it might be desirable to
specified concentration might be desirable to increase confl!S€ more organisms for each of the control treatment(s) than
dence in the results. for each of the other treatments.

12.2.2 The primary focus of the physical and experimental 12-3 Dissolved Oxygea-The concentration of dissolved

design of the test and the statistical analysis of the data is tH&Y9€n in each test chamber must be between 40 and 100 % of

experimental unit, that is defined as the smallest physical entitg2{uration(18) at all times during the test and the time-
to which treatments can be independently assig(2e). Wweighted average measured concentration for each test cham-

Because test solution can flow from one compartment tder from the beginning to the end of the test must be between

another, but not from one test chamber to another (see 6.3.% 0 and 100 % of saturation. If the concentration of dissolved
' xygen falls below 40 % of saturation or the concentration of

the test chamber is the experimental unit. As the number of te X o .
chambers (that is, experimental units) per treatment increase§€St material decreases by more than 20 % in test solution(s)

the number of degrees of freedom increases and, generally thgtWeen renewals, more frequent renewals might be necessary.

width of the confidence interval on a point estimate decreasegNder some circumstances the concentration of dissolved

and the power of a hypothesis test increases. With respect f5Y9en in natural waters can be greater than 100 % of
factors that might affect results within test chambers anoLsaturatlon. The tests should be run under the conditions that

therefore. the results of the test. all test chambers in a te&Xist unless such conditions interfere with the objectives of the
should be treated as similarly as possible. For example, thiest. Because results are generally based (effluents are obv_lous
temperature in all test chambers should be as similar aexceptions) on measured rather than calculated concentrations
possible unless the purpose of the test is to study the effect & €St material, some loss of test material by aeration is not
temperature. Test chambers are usually arranged in one or mdfgcessarily detrimental and test solutions may be aerated
rows. Treatments must be randomly assigned to individual te&€ntly during the test. Turbulence, however, should be avoided
chamber locations. A randomized block design (with eacHP€cause it might stress organisms, resuspend fecal matter, and

treatment being present in each block, which may be a row gyreatly increase volatilization. Because aeration readily occurs
rectangle) is preferable to a completeiy randomized design. at the surface, efficient aeration can be achieved with minimum

. — _ turbulence by using an air lift to transfer solution from the

repl)rzo.czjf(’:t;gze ?;fﬁgt l% fntgt% ti?tvryeail;ehrtlaloc;r sgmer# Zr\]laslﬂgltgg)l’bottom to the sur_face. Aeration should be the same in all test
’ : e ' '‘chambers, including the control(s), throughout the test.

cannot be determined accurately if any factors that affect them
are too dissimilar between experimental units. Because sur- 12-4 Temperature
vival, growth, and reproduction might be affected by the 12.4.1 Reproductioni@. dubiais inlarge part a function of
number of first- and second-generation organisms in thé&mperature, quality of dilution water, and quantity and quality
chamber or compartment, or the concentration or amount ¢¥ food. Three broods can be obtained in 7 days if the test is
available food, the best experimental design is to physicallgonducted at 25°C.
separate each first-generation daphnid (that is, place each12.4.2 In lieu of measuring temperature in individual test
first-generation daphnid in a separate test chamber or in ehambers at a frequency that might jeopardize the health of the
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test organism, the relationship between test chamber temperBeletion of data for all individuals in such cohorts from all
ture and constant temperature bath, incubator, or room may lieeatments is a valid way of analyzing the data. This allows the
established. Temperature in the constant temperature batimyestigator to track the performance of young from each
incubator, or room should ensure that the temperature of thiemale used.

test solutions are within=1°C of the selected temperature. 12.8 Renewing Test SolutiorsThe frequency with which

12.5 Preparing Test Solutions test solutions should be renewed is dependent on several

12.5.1 Except possibly for effluents, to ensure that allfactors (see 10.5.2). The most significant factor is related to the
treatments receive the same dilution water, the batch of dilutionate of change of the test solutions and how this change might
water should be large enough to fill all the test chambers anthfluence results. Solutions that change rapidly might not be
the control(s) during the 7-day test and to perform chemicaéffectively tested using renewal techniques. Renewing test
analysis. To ensure that all treatments and control(s) receive ttslutions at 24-h intervals is usually acceptable. The minimum
same food, enough food should be prepared for the entire teatceptable renewal frequency is after the majority of control
period. organisms have produced a brood. When this occurs all

12.5.2 Except possibly for effluents, the concentration oforganisms are transferred to new solutions. At each renewal
test material in a test solution should be no more than 30 9gach first-generatio€. dubiashould be recorded as alive or
higher or lower than the nominal concentration. If the differ-dead and each live one should be transferred to a chamber
ence is more than 30 %, the cause should be identified. If theontaining the same concentration of test material or effluent as
concentration in the test chamber is too high, the stock solutiothat from which she was removed. The live and dead offspring
or test solution might have been prepared incorrectly ofrom each first-generatiorC. dubia should be separately
evaporation of the test solution might have occurred. If thecounted, recorded, and discarded. The chambers from which
concentration is too low, additional possible causes are micrdhe first-generatiorC. dubia were removed and the young
bial degradation, hydrolysis, oxidation, photolysis, reductioncounted, should be emptied, brushed or washed to loosen
sorption, and volatilization. If it is likely that the organisms are debris, and rinsed with ASTM Type Il water (see Specification
being exposed to substantial concentrations of one or mor 1193) or dilution water. If the test chambers are to be
reaction or degradation products, measurement of the progonditioned, dilution water containing test material, but not
uct(s) is desirable. It might also be desirable to renew the te§pod, should be placed in the chamber and then discarded just
solutions more often. before the next renewal.

12.6 Conditioning Test ChambersTest chambers should  12.9 Duration of Test-A test begins when less than 12-h
be conditioned if the concentration of test material in aold neonates are first placed in test solutions. At 25°C control
chamber decreases by more than 20 % between renewals adigjanisms should produce three broods in 7 days. Periodically
the decrease can be attributed to sorption onto the test chambe@ntrols might not produce three broods in 7 days. When this
To condition the chambers, dilution water containing testoccurs the test should be continued for an additional day unless
material, but not food, should be placed in each test chambe&ome obvious factors (presence of males, or nonreproducing
24 to 72 h before the test is to begin and before each renewdkemales) suggest that doing so will not increase the quality of

12.7 Beginning a Test the data collected. At temperatures less than 15°C, time to third
12.7.1 The test chambers should be conditioned if necedrood production will be increased.
sary. 12.10 Biological Data

12.7.2 Fresh test solutions containing appropriate amounts 12.10.1 The date of death of each first-genera@onlubia
of test material and food should be prepared less than 4 must be recorded. The criteria for death are lack of movement
before the test is to begin. and lack of response to gentle prodding, or lack of a visible

12.7.3 Fresh test solution should be placed in each chambdteart beat.

12.7.4 The test begins when oBedubialess than 12-h old 12.10.2 At each renewal the number of neonates produced
is placed in each test chamber, or compartment, that alreadyy each first-generatior€. dubia in each brood must be
contains test solution. The organisms must be eitt@r ( recorded.
impartially assigned to the test chambers (or compartments in 12.10.3 It might be desirable to determine the length or
the test chambers) by placing o68edubiain one test chamber weight, or both, of each first generati@ dubiathat is alive
or in one compartment in each treatment, and théh dubia  at the end of the test. Determining dry weight requires a
in a second chamber or compartment in each treatment, arsnsitive balance; length can be determined using a calibrated
continuing the process until each chamber or compartmemhicroscope equipped with an ocular micrometer. There is not
contains oneC. dubig or (b) assigned either by random a consensus amongst the toxicological community regarding
assignment of on€. dubiato each treatment, random assign-the value of length or weight measurements, or both, of
ment of a secon€. dubiato each treatment, etc., or by total Cladocera in evaluating potential imp#426, 31-35) However,
randomization, ord) assigned and identified as cohorts. In theincluding length or weight measurements, or both, when
cohort procedure one neonate from a female is assigned to ogenditions warrant might provide insight not achieved with
test chamber or compartment of each treatment and the cohatata on survival and reproduction. Dry weight (dried at 60°C
of each first-generation organism is tracked throughout the tes{36) to constant weight) might be preferable to length (distance
The cohort procedure might be especially useful v@ttdubia  from apex of helmet to base of spine). Wet weight is not
because some cohorts may produce no young in any treatmeatceptable. It might be desirable to determine the size of each
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first-generation organism that dies before the end of the testor each treatment and removing duplicate samples. Analysis
However, whether or not this can be accomplished is deperef additional samples after filtration or centrifugation is desir-
dent, in part, on the age (size) of the organism at the time ofible to determine the percentage of test material that is not
death (it is very difficult, if not impossible, to determine the dry dissolved or is associated with particulate matter.
weight of a <5-day old neonate, or males). 12.11.2.3 Within each treatment the highest of all the
12.10.4 Both first- and second-generation organisms shoul@easured concentrations obtained during the test in fresh test
be carefully observed during the test for abnormal developmergolutions divided by the lowest must be less than two. The
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 measured at the beginning 3. 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 to analyze water samples for test
. ; : aterial might determine the usefulness of the test results
should also be measured in the highest test concentration :
. X : ecause all results are based on measured concentrations
least once in new and old test solutions to determine whether

these are affected by the test material. Measurements on n efﬂuents,_and amb|ent samples are obvious exc_ept|or]s_). For
example, if the analytical method measures any impurities or

test solutions may be performed on the solution prior to itsr action or dearadation products alona with the parent test
distribution into the test chambers. Measurements on old tesrﬁaterial then gresults caIrJI be calculatgd only for ?che whole
solutions might require a composite from replicate test cham- ' Y

bers of the same test concentration. Dissolved oxygen concea[oUp of materials, and not for parent material by itself, unless
trations must be measured in old test solutions from thé- ' demonstrated that such impurities and products are not

. . ) resent.
control(s) and low, medium, and high concentrations of tes? I .
material near the beginning, middie, and end of the test. 13.2 If samples of dilution water, stock solutions, or test

Dissolved oxygen can be measured on pooled samples, aﬁ\plunons cannot be analyzed immediately, they should be

though it is preferable to make individual measurements. Forandled and stored appropriatég) to minimize l0ss of test

effiuents that might have high oxygen demands dissolvef‘aterial by hydrolysis, microbial degradation, oxidation, pho-

oxygen should be measured at the beginning and end of ea rr)]ly5|s, reduction, sorption, and volatilization.

renewal period. Measurement of calcium, magnesium, sodium 1?(‘)3 r;?een/l'g?,\fn:ta%y;'g? voxl/ﬁteanzcgfldobsiigltgalgg? ;Jhsc')gg
potassium, chloride, sulfate, particulate matter, and TOC Oﬁpp P P ’

) . . measurements for which ASTM standards do not exist or are
chemical oxygen demand, (COD) is desirable. Temperature . :

. not sensitive enough, methods should be obtained from other
should be monitored throughout the test. If the test chamberrs liable source€38). The concentration of unionized ammonia
are in a water bath, a constant temperature room, or incubatdf, '

measurement or monitoring the temperature at least hourly, fpay be calculated from pH, temperature, and concentration of

f .
daily measurement of the maximum and minimum temperacfotal ammon|e(39_)._ . .

. ; . 13.4 The precision and bias of each analytical method used

ture, may be made. However, measuring temperature in thi ; : . . oo

: : Should be determined in an appropriate matrix, that is, in water

manner does not preclude the necessity of documenting the

relationship of temperature in the test chambers and that of thseamples from culture or control chambers, in food, and in

constant temperature bath, incubator, or room. organisms. When appropriate, reagent blanks, recoveries, and
. standards should be included whenever samples are analyzed.
12.11.2 Test Material

12.11.2.1 The concentration of test material in each treatl4. Acceptability of Test
ment must be analyzed frequently enough during the test to 14.1 A three-brood toxicity test withC. dubia should
establish its average and variability. If the test material is anysually be considered unacceptable if one or more of the
undefined mixture, such as a leachate or complex effluentollowing occurred: except that if, for example, temperature
direct measurement is probably not possible or practicalwas measured numerous times, a deviation of more than 3°C
Concentrations of such test materials will probably have to bgsee section 14.1.1) in any one measurement might be incon-
monitored by such indirect means as turbidity or by measuresequential. However, if temperature was measured only a
ment of one or more components. minimal number of times, one deviation of more than 3°C
12.11.2.2 The concentration of test material in each treatmight indicate that more deviations would have been found if
ment must be measured at least at the beginning and end oftemperature had been measured more often.
test. It is preferable to measure the concentrations at the (a) Treatments were not randomly assigned to test chamber
beginning and end of each renewal period. Samples from oltbcations.
test solutions should be obtained by pooling the test solutions (b) The test was begun with organisms more than 12-h old.

10
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(c) Arequired dilution water control or solvent control was life-cycle toxicity tests withC. dubiaare discussed in Appen-
not included in the test or if the concentration of solvent wasdix X4.
not the same in all treatments that contained test material, the
concentration of solvent affected survival, productivity, and16. Report

length or weight, or both, of. dubiaif determined. ~16.1 The record of the results of an acceptable life-cycle
(d) More than 20 % of the first-generation organisms died inoxicity test with C. dubia should include the following
any required control treatment. information either directly or by reference to available docu-

(e) Organisms which lived to produce 3 broods in thements.
control(s) did not produce, on the average, at least 15 young, in 16 1.1 Names of test and investigator(s), name and location
a pattern of increasing brood sizes and the young were ngjf |aporatory, and dates of initiation and termination of test.

produced in 8 days. _ 16.1.2 Source of test material, its lot number, composition
(f) Ephippia was produced in the control(s). _ ;identities and concentrations of major ingredients and major
(9) Temperature, dissolved oxygen, and concentration Ojmpyrities), known chemical and physical properties, and the

(h) Any measured concentration of dissolved oxygen was 16 1.3 Source of dilution water, its chemical characteristics,
not between 40 and 100 % of saturation or the time-weighted,q a description of any pretreatment.
average-measured dissolved-oxygen concentration from the 16 1 4 Source of brood stock, scientific name, name of
beginning to the end of the test for any test chamber was Nqerson who identified the species and the taxonomic key used,
between 50 and 100 % of saturation. acclimation and culture procedures used, observed diseases,
(i) The difference between the time-weighted averagemeasq age of test organisms at the beginning of the test.
sured temperatures for any two test chambers was greater thang 1 5 Description of the experimental design and test
1°C. o . chambers (and compartments) and covers, the depth and
() Any individual mee:sure_d temperature in any test chamy,q|yme of solution in the chambers, number of first-generation
ber was more than 3°C different from the mean of the,ganisms, and test chambers (and compartments) per treat-
time-weighted average-measured temperatures for the '”dﬂﬁent, conditioning, lighting, and renewal schedule.

vidual test chambers. _ 16.1.6 Procedure used to prepare food, concentration of test
(k) At any one time, the difference between the measuregh,aierial and other contaminants in the food, feeding, method,
temperatures in any two test chambers was more than 2°C. frequency, and ration.

(Hh The highgst measured conceqtration of test_material in 16.1.7 Range and time-weighted average for measured dis-
fresh test solution was more than twice the lowest in the samggyed oxygen concentration (as % of saturation) for each

treatment. _ _treatment and a description of any aeration performed on test
(m) Test solutions were not renewed at a frequency consiss,|tions before or during a test.

tent with the objectives of the test as influenced by the material 15 1 g Range and time-weighted average-measured test

being tested. temperature and the method(s) of measuring or monitoring, or
(n) All test chambers (and compartments) and covers Werg oih.

not identical. - .
14.2 An assessment should be made of the significance %(:t?]c}dgs Sg:de ?g Ig;;)arir(]),b;e:ggr;?es:aarzglifo?gttehs(;cri(.)lutlons, and
the concentrations of test material in the controls, treatments, 16.1.10 Methods used for, and results (with sample size and
food (see 11.5), and brood stock (see 11.4). standard deviations, or confidence limits) of, chemical analyses
15. Calculation of water quality and concentration(s) of test material (in fresh
r,}-md old test solutions) impurities, and reaction and degradation
products, including validation studies and reagent blanks.
16.1.11 Atable of data on survival, and reproduction in each
test chamber (and compartment) in each treatment, including
the control(s), in sufficient detail to allow independent statis-

concentration of test material or percent effluent in the tesf'caI analysis. A_table_ of data on length af.‘d weight measure-
solutions in each treatment. ments of surviving first-generation organisms should be in-

15.2 The variety of procedures that can be used to calculatgul(éeg E‘Zth&sehd?jta we:jefcollec(;ed. its of istical |
the results of life-cycle toxicity tests can be divided into two - ethods used for, and results of, statistical analyses

categories: those that test hypotheses and those that proviBEthe data. _

point estimates. No procedure should be used without careful +6-1.13 Summary of general observations on other effects or
consideration of & the advantages and disadvantages ofymptoms. ) o

various alternative procedures, atl §ppropriate preliminary 16.1.14 ResuI.tS of all associated acute toxicity tests.

tests, such as those for outliers and for heterogeneity. The 16-1.15 Anything unusual about the test, any deviation from
calculation procedure(s) and interpretation of the results shoult€S€ procedures, and any other relevant information.
be appropriate to the experimental design (see 12.2). The major16-2 qullshed reports should contain enough mfprmaﬂon
alternative procedures and points to be considered whel® cléarly identify the methodology used and the quality of the

selecting and using the procedures for calculating results d€eSults.

15.1 The primary data to be analyzed from a 7-day test wit
C. dubiaare those ond), the number of live young produced
by each first-generatio€. dubig (b) survival, €) the dry
weight or length of adult organisms, or both, surviving the
7-day test when these measurements are made, dynithg
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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”38'53.5’58 i
such as a trout chow, yeast, etc. The foods termed “natural’ No. 2
consist of one or more species of algae. “Combination” foods MgSO,-7H,0 7.35
contain both “synthetic” and “natural” ingredients No. 3
: 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 Aftér the addition of all four concentrates, autoclave the
poorly in another laboratory. What works under field condi-f0@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 filter,
- . . 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 HsBO4 92.76
food has been demonstrated adequate for the conditions under MnCl>-4H,0 207.69
: . ZnCl, 1.635
which the test is to be conducted. FeCl,-6H,0 70.88
CoCl,-6H,0 0.714
X1.2 Natural Food: Na,Mo0,-2H,0 3.63
. . . CuCl,-2H,0 0.006
X1.2.1 Various natural foods have been used with different Na2E2DTA2-2H20 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. Natural foods also tend to be 4 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 synthetigadocera. . L
food, use of a natural food might be cost effective if it X1.2.3.1 Inoculate, aseptically, each L of media with 30 mL

f 7-day old S. capricornutumculture with optical density
decreases the number of unacceptable tests. 0 i .
X1.2.2 The four species of algae which have been Comg_O‘D')_ 0.10 t0 0.15 as me_asured at 750 nm with 16.8 mm
monly used to culture and te€l. dubiaare Ankistrodesmus light path. Cultqres with opt|ca| d.ensny readmg; of between
convolutus, A. falcatus, Chlamydomonas reinhaydtiid Sel- 0.10 to 0.15 as just determined will have approximately 2.5 to

enastrum capricornutumCultures of these species can bez'iz( 21%6 Zcellls/mbL tOf tr;:ed':lml' it fic sti i
purchased from several sourée&enerally, the cultures are 4 o 2°C n((:ju ate the agafczusg(r)els 0? _r|r|1agr_1e L(.: S |rrte[rs] a
supplied on agar slants that can be kept for several months i% I » and-an average o X of liumination at the

a dark refrigerator at 4°C. The algae are transferred to a quuiH:.ed'a surfacet dzr'n? Ia 1%'h lt'ght phtOt.OpEZf% .Me:ﬁnetm
nutrient medium to grow large amounts for feeding organisms.S IIrers generate heat. In order 1o maintain . - In the
ulture medium, an air temperature of 21 1°C might be

Algae are grown using aseptic techniques although controIIeEequired
ial inati ly infl ' . . .
bacterial contamination does not appear to greatly influenc X1.2.3.3 On Day 2 after inoculating the fresh media, 10 mL

results. ) e . .
. of the following vitamin solution should be added/L of medium
X1.2.3 Selenastrum capricornuturmay be cultured as (modified from Murphy(41)

food for C. dubia following procedures based on the algal

. . . 1 H A

assay bottle test (see Practice D 39784#®)). This medium Vitamin mg

may be prepared in large quantities by adding 1 mL of each of p_pantothenic (Hemi calcium salt) 140.0
the following concentrates to each 1000 mL of ASTM Type Il Vitamin B, (Cyanocobalamine) 0.006

; HE H _ Thiamine HCI (Vitamin B,) 12.0

water plus magnetic stirring bar in 2-L Erlenmeyer flasks. Riboflavin (Vitamin B,) 80

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

NaNO3 12.75 Myoinositol 220.0

Choline chloride 100.0

8 Algal species available from the Starr Collection at the University of Texas in . N ) . .
Austin, TX, or the American Type Culture Collection in Rockville, MD, have been  * 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 tBe capricornutum
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TABLE 1 Modified Bold Basal pH 6.6 (Modified Bristol Solution)

cultures and store in the refrigerator.
(42)

X1.2.3.5 On Day 7 remove the remainiBg capricornutum
cultures. Mix equal volumes of 3-day old and 7-day old Note 1—The specified volumes of eleven stock solutions (six macro-
cultures. Centrifuge the combined algae at 10 000 r/min for 1 (utrient solutions, three minor constituent solutions, and two micronutri-

in p ' # the aloal di d d the alaal ”qtilnt solutions) are added to 900-mL high-quality distilled or deionized
min. Pour o € algal medium and resuspen e algal pe ater and diluted to 1 L.

(the pellet from 1 L of 3-day + 7-day mixture resuspends and VS —— ST S "

stores conveniently in 60 mL of reconstituted water in ayano, 25 g/l

100-mL plastic bottle) in appropriate dilution or reconstitutedcacl,- 7H,0 2.5 g/lL

water depending on anticipated needs. The algae can be st_o@jf,%j“zo 32 g;'[

in a refrigerator for as long as 1 year and still retain its qualitykH,rPo, 17.5 g/L

as a food NaCl 25¢g/lL
) ) ) EDTA (use 1 mL):

X1.2.3.6 When the alga is to be used as a food, remove &pTa 50 g/L
from the refrigerator, allow it to warm up and adjust its O.D. to K°H ron (use 1 mL): sigl
0.4 at 750 nm and 16.8 mm light path. Food prepared in thigeso,.7H,0 ' 4.98 g/L
manner generally contains between 10 and140P cells/mL.  H2SO, 1.0 mirL

Boron (use 1 mL):

X1.2.3.7 The 0.4 O.D. food can be used to culture and tesi_go, 11.42 giL
D. magna, D. pulexandC. dubiaalthough the amounts used Micronutrients (use 1 mL):

. . o ZnS0,-7H,0 8.82 g/L
to culture and test each species varies. The addition of rye gragse; 'y o 144 gL
powder to the algal feeding suspension appears to facilitat@oo, 0.71 g/L

i H CuS0O,-5H,0 1.57 g/lL
productivity of C. QUbla (cereal leaves, and wheat grass Col 53)2-§H20 049 gL
powder may substitute for rye grass powder). Rye grass Micronutrients (use 1 mL):
powder should be prepared by adding it to ASTM Type Il waterNiCl. 0.0015 g/L

. . . . Na,SeO, 0.002 g/L
ataratio of 7.5 gm/L and blending at high speed for 5 min. The, &, 0.001 giL
blended solution should be refrigerated overnight at 4°C. Afteki 0.003 g/L

o) 0.002 g/L

refrigeration the solution should be filtered through a 40-pm/©S042H.
mesh sieve and stored in the refrigerator. Rye grass powder
prepared in this manner appears to lose its beneficial qualities
as a food supplement after about 1 week. To prepare the

algal-rye-grass-powder feeding suspension, remove the algag\oTe 1—For either medium, prepare one stock solution for each
macronutrient and use 1 mL of each stock solution per L of medium.

TABLE 2 Algal Media

and rye grass powder from the refrigerator and allow them ta

warm to room temperature. Count the number of cells in the

Woods Hole MBL (43)
gm/L in stock solution

ASM-1 (44)
gm/L in stock solution

algal concentrate and multiply by the volume of concentrate to

. . L Macronutrients *
obtain the total number of cells in the concentrate. Divide the  caci,-2H,0 36.76 29.41
total number of cells in the concentrate by the number of cells MgSO, 7H,0 36.97 49.3
per mL desired in the final feeding suspension. Do not dilute to ZE%S:ZO 1260 40:?7
the final volume at this time. Divide thealculated final K,HOP, 8.71 17.41
volume of the algal feeding suspension by the number of mL to EZN&% o0 gg-gé 170.00
be added to a test chamber. Multiply this number by 0.120 to e Micromutrients &
get the volume of rye grass powder to add to the algal NaEDTA 4.36 7.44
concentrate before bringing the algal-rye-grass-powder mix- Eig'gf;'ﬁfo gzéi é:ggéms
ture to the final desired volume. Prepare only enough of this coso,6H,0 0.01 0.019
mixture at a time for one 7-day test. fﬂ%’fﬁf 8-(1’22 (l’-ggg
X1.2.4 Ankistrodesmus convolutus, A. falcatus, Chlamy- Na;MoO,.2H,0 0.006 0.010
H3BO, 1.0 2.47

domonas reinhardtjiand Selenastrum capricornuturcan be

cultured using the following procedures.

X1.2.4.1 Nutrient medium (Table 1 and Table 2) is prepared
by adding specified amounts of stock solutions to ASTM Type

A Macronutrients should be prepared as separate solutions.
B Micronutrients can be mixed as single stock solution.

. . L

Il water. The quality of the water must be exceptionally good Biotin mg5
to obtain consistent growth and food value of the algae. Thiamine 100
Nutrient medium is sterilized prior to the addition of the algae, E)y/::gg:;]neune 109
either by filtration through a 0.22-pym membrane filter or by Calcium pantothenate 250
autoclaving. Bio 1
. . . . . Nicotinic Acid 50

X1.2.4.2 A vitamin solution for addition to the nutrient Nicotinamide 50

H H H . Folic Acid 20
medium should contain the followin@5): Ribofiavin %
Inositol 90
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After filtration through a 0.22-um membrane filter, this algal culture and replacement with fresh medium. Convenient
solution can be stored in a dark sterile bottle in a refrigeratoculture vessels for this system are large aspirator bottles set on
for at least 3 years or portions can be frozen. One mL of thisnagnetic stirrers and provided with an air line and a tube
vitamin solution should be added to each liter of nutrientconnected to a reservoir of sterile medium. With this system,
medium before the medium is sterilized. algae can be drawn off several times a week and fresh medium

X1.2.5 The general principles of sterile technique should beravity fed into the culture vessel. Semicontinuous cultures are
observed to prevent contamination of the algal culture withmore likely to become contaminated by bacteria than are static
fungi, bacteria, or other algal species. Glassware should beultures.
washed and sterilized as recommendeddodubia Although X1.2.7.3 Algae can be separated from the nutrient medium
the algae will grow acceptably at 20 2°C with 1000 to 4500 by centrifugation or by letting the algae settle in a refrigerator.
Ix for 14 to 16 h/day, they will grow faster at 24 2°C with ~ The period of time required for the algae to settle is in part
continuous light at 4300 to 4500 Ix. The light should be fromspecies dependent. It is not necessary to remove all the medium
a broad spectrum fluorescent bulb. If the algal culture is aeratdout only to concentrate the algae so that addition of medium to
by bubbling air through it, the air should be filtered through aC. dubiacultures and test solutions is minimal.
0.22-um bacterial filter. .

Xlg.G When sterile nutrient medium with vitamins is first X1.3 Synthetic Food:
inoculated with algae, there is usually a lag phase of 1 to 2 days X1.3.1 Numerous synthetic foods have been used to culture
before growth becomes visible. This is followed by a log phaseédnd testC. dubia. Ceriodaphnidave been maintained using
of rapid growth that gradually levels off as the maximum cellonly yeast or only rye grass powder. Yeast or rye grass powder
density is approached_ When the maximum crop is reached, th?@ould not be used alone with reconstituted water or other
cell concentration will remain fairly constant but the individual water with low bacteria counts. A recipe for preparing a
cells will continue to grow and age. Algae for feedi@gdubia  synthetic food combining trout chow, rye grass powder, and
should be harvested during the log growth phase to ensure th¥gast, is given in the following paragraphs. This food or
the algae are in a healthy growth condition. The time it takes t/ariations of this recipe are often referred to as YTC, or TCY
go from inoculation to harvest depends on the nutrient me{46).
dium, vessel size, light intensity, photoperiod, degree of X1.3.2 Digested trout chow is prepared by adding 5 gm of
aeration, temperature, and amount and condition of the inocurout chow to 1 L ASTM Type Il water. Mix well and aerate
lum. As a general rule, a culture with adequate light andcontinuously (digest) for one week at ambient laboratory
aeration is about one week from maximum cell density wheriemperature. At the end of one week, replace any water lost

the medium turns visibly green. during digestion and filter 900 mL of the supernatant through
X1.2.7 Algae are usually cultured in static or semicontinu-a 100-pm mesh filter. Discard the remainder.
ous systems. X1.3.3 Rye grass powder is prepared by adding 10.0 gm of

X1.2.7.1 Static cultures are usually maintained in Erlenmthe powder to 1 L of distilled water. Store the mixture
eyer flasks stoppered with loose cotton, plastic foam plugsQvernight.
Shimatsu closures, or covered with beakers. If the flasks are X1.3.4 Yeast is prepared by adding 5 gm of dry yéastl
kept on a shaker table or well-mixed by bubb“ng air, theL of ASTM Type Il water. Stir with a magnetic stirrer until well
nutrient medium can be filled to 50 % of the total volume of thedispersed or use a blender at low speed for 5 min. Place in a
flask. If mixing is done once or twice a day by hand, the flaskefrigerator overnight. Prior to use resuspend the yeast mixture.
should be filled to only 40 % of its volume. Small static X1.3.5 Combined trout chow rye-grass-powder-yeast food
cultures can be maintained in 250 to 500-mL flasks, but 2 tds prepared by mixing equal volumes of the three solutions. A
4-1 Er|enmeyer flasks can be used to grow |arge amounts cﬁuspended solids analysis should be conducted on each new
algae for food. The entire contents should be harvested ju$@tch of food to provide data on the consistency of the
prior to maximum cell density. New cultures should bepreparation procedures and on the uniformity of each batch.
inoculated often enough that at least one culture is available fd?lace aliquots of the final mixture in small screw cap bottles.
harvesting during the |og growth phase every time food isFreSh or thawed food is stored in the refrigerator between
needed. feedings, and is used for a maximum of 1 week.

X1.2.7.2 Semicontinuous cultures allow for continuous pro-
duction of large amounts of algae while maintaining the algae °Yeast such as Fleischman’s or St. Regis has been found suitable for this
in log growth phase by periodic removal of a portion of the purpose.
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X2. CULTURE TECHNIQUES

X2.1 Two techniques that have been used to cultOre X2.1.2 Use 1-L glass beakers as culture vessels. Maintain
dubiaare: 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 haseeding the proper amount of food is extremely importa®t.in
been produced (generally Day 5 or 6 at 25°C) isolate thejubia culturing. The trout chow-rye-grass-powder yeast sus-
Original females into 100-mL beakers Containing 60 mL of thepension (See Xlgl) will provide adequate nutrition if fed

appropriate reconstituted water (50-mL beakers containing 3Haily at a rate of 1 to 4 mL/L of medium containing 200 to
mL of medium will suffice). To these beakers add 1 mL of 0.4 199 organisms.

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 .Of the
experiments. The isolated females generally produce betwe&@Ntents of a culture vessel (450 mL of the 900 mL) into a
10 and 16 third brood neonates for use in starting cultures angh@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 techniqueis particularly useful when the 100 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 thearefully add sufficient additional fresh medium to bring the
sufficient organisms are present on any given day. total volume to 900 mL(46).

X3. TEST CHAMBERS

X3.1 Test chambers for natural and synthetic foods are in X3.3 In either case, larger beakers may be utilized by
part objective dependent but also are somewhat food typeadjusting the food concentration. One reason for using 30-mL
dependent. In experiments in which effluents are being testedeakers is that they fit conveniently under the objective of a
using synthetic food<;. dubiamay be tested in 30-mL beakers stereomicroscope, aiding in counting neonates. Viewing larger
containing 15 mL of media, fed at a rate of 0.1 mL TCY per peakers on a black background from the top with a light source
day. Researchers have also found that disposable plastic salggm the back permits reasonably easy capture of neonates.
dressing cups can be used @ dubiatesting. The cups are gjowly rotating the beaker causes the neonates to swim away
convenient because they are disposable and because they fitigm the light source. At times during ambient water toxicity
the viewing field of most stereomicroscopes. tests or effluent tests, suspended solids settle out imparting a

X3.2 Similar tests using natural foods might require testlight background to the bottom of the test chambers. When this

The depth of solution (15 mL in 30-mL beaker) appearsWith the I|ght source behind and S“ghtly above the test
inadequate to maintain sufficient algae in suspension for 24 fhamber.

X4. STATISTICAL GUIDANCE

X4.1 Introduction—The goals of statistical analysis are to (d) multiple comparison techniques for simultaneous pairwise
summarize, display, quantify, and provide objective yardstick&omparison of treatment groups with control groups) (
for assessing the structure, relations, and anomalies, in dat@gression analysis, anf) concentration effect curve analyses.
The data display and statistical techniques most commonlyf used correctly, each of these techniques can provide useful

used to achieve these goals a@:reliminary and diagnostic information about the results of an acceptaBledubia7-day
graphical displays b) pairwise comparison techniques such asgest.

t-tests and 2 by 2 contingency table tests) &nalysis of ) ) o
variance (ANOVA) and corresponding contingency table tests, X4.1.1 The three kinds of data obtained from toxicity tests
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are dichotomous or categorical (for example, mortality), councomputers and statistical computing packatfdsas made the

or enumeration (for example, number of young), and continuinspection of data patterns both easy and inexpensive. Feder
ous (for example, weight). Statistical methods for analyzingand Collins(48) illustrate the use of various types of prelimi-
dichotomous and other categorical data are directly analogousary and diagnostic graphical displays in analysis of data from
to those for analyzing count and continuous data. However, foghronic toxicity tests.

technical reasons and because they arose from different appll-x4_4 Outlier Detection ProceduresData that do not

eappear to be in conformance with the substantial majority are

€often referred to as outliers, and might be due to random
variation or to clerical or experimental errors. Statistical outlier

, i ) ) detection procedures are screening procedures that indicate

X4.2 End point—The primary end point of a life-cycle \ hether a datum is extreme enough to be considered, not due

toxicity test withC. dubiais based on the reduction in numbers just to random variation. Barnett and Levi®) describe many

of live neonates produced by first-generatlbndgbiaduring outlier detection procedures, and Feder and Col{48)

the test. The end point generally has been defined in terms Qfystrate the use of several outlier detection procedures with

Whethel’ diﬁerences from Contl’0| Ol’ganisms were Statistica”)hquatic toxicologica' data_ If Out”ers can be Shown to be due to

significant at the 5% level. One of the main conceptuallerical or experimental error, they should be either corrected

problems associated with such a definition of the end points igr deleted from the data prior to analysis. If outliers are not

that the notions of biological importance and statistical signifi-known to be erroneous values, the question of how to deal with

cance are logically distinct. Effects of considerable biologicakhem is a matter of judgment. It is often desirable to analyze the
importance might not be statistically significant if sample sizesjata both with and without questionable values in order to

are small or effects are extremely variable or both. Converselyassess their importance, because one or a few extreme outliers
biologically trivial effects might be highly statistically signifi- can sometimes greatly affect the outcome of an analysis.

cant if sample sizes are large or effects are very reproducible. . -

An end point based solely on statistical significance might *4-> Data Transformations-Many standard statistical

depend as much or more on sample sizes as on the magnitu%ocedures SUCh. as regression.analysis an_d ANOVA are based
of the effect on the assumption that experimental variability is homoge-

neous across treatments. This assumption typically does not

X4.2.1 An alternative is to define the end point in terms ofhold for certain kinds of data. If data displays or tests of
a specified absolute or relative amount of difference fromheterogeneity demonstrate that variability is not homogeneous
control organisms. A regression model would be fitted to theacross treatments, variance stabilizing transformations of the
data and a concentration associated with a specified amount ghta might be necessary. The arc sine, square root, and
difference from the control(s) would be estimated using thdogarithmic transformations are often used on dichotomous,
model. For example, the concentration resulting in a specifiedount, and continuous data, respectivid). The question of
percent decrease in number of live offspring might be estiwhether to transform raw data should be decided on a
mated along with confidence limits on the estimated concenease-by-case basis after studying data displays, tests of hetero-
tration. Results of 7-day tests would then be reported as poirgeneity, and similar data from previous tests. In reality,
estimates, with confidence limits, of the concentration ex-ANOVA and regression are not very sensitive to departures
pected, to cause an amount of effect that was preselected #iem normality and small deviations from this assumption are
being unacceptable. However, no consensus currently exis@ot prohibitive. Nonparametric procedures might be important
concerning what constitutes significant preselected biologicatids in analyzing heterogeneous data.
effects.

developed for analyzing the various kinds of data. The corr
sponding procedures are considered together herein.

) ] ) X4.6 Comparison of Solvent Control and Dilution-Water
X4.2.2 In general, an end point defined in terms of acontrol—If both solvent and dilution water controls are
statistically significant difference is calculated using analysis ofcluded in the test, they should be compared (for example,
variance, contingency tables, or other hypothesis testing prqising at-test for count and continuous data, Fisher's Exact
effect is calculated using regression analysis, concentratiofs1)). Adjustments for chamber-to-chamber heterogeneity
effect curve analysis, or other point estimation proceduresmight be necessary. The use of a large alpha level (for example,
Regardless of the procedure used, sufficient data should kg25) will make it more difficult to accept the null hypothesis
present in reports (see 16.1) to permit calculation of end point§hen it should not be accepted. The test statistic, its signifi-
other than those chosen by the authors, and to allow other usggnce level, and the power of the test should be reported.

of the data, such as modelling.
X4.7 Analysis of Variance and Contingency Table

X4.3 Graphical Displays—These should be an integral part
of every data analysig47). Preliminary scatter plots are  1ogagistical computer packages suctBaDP Biomedical Computer Programs,
desirable because they might provide insights into the structur@seriesavailable from UCLA, Los Angeles, CA, arSiAS User’s Guide, Statistics
of the data and reveal the presence of unanticipated relations gfailable from SAS Institute, Cary, NC, ar@tatistical Package for the Social
. . L . . .. Sciencespublished by McGraw-Hill, New York, NY, 1970; ardinitab, published
anomalies. Hlstograms are useful for €xamining the d|5tr|buby Duxbury Press, North Scituate, MA, all have been found suitable for this

tion of data before hypothesis testing. The advent of moderpurpose.
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Analyses—ANOVA tests are often appropriate for untrans- has modified and corrected Shirley’s procedure to increase its
formed continuous data, and for transformed categorical andower to detect the alternative hypothesis. Care must be taken
count data. Contingency table tests are usually appropriate favhen using any of these procedures that an appropriate
untransformed categorical data. If evidence of chamber-toestimate of variability is used, incorporating any chamber-to-
chamber heterogeneity is found, standard contingency tablehamber variation that is present. Presentation of results of
analyses might be inappropriate for categorical data. In thigach comparison should include the test statistic, its signifi-
case it might be appropriate to apply an arc-sine varianceance level, the minimum significant difference, and the power
stabilizing transformation to the proportion dead within eachof the test.

experimental unit, and perform an ANOVA on the transformed ) i ,

proportions. Feder and Colli{é8) llustrate transformation of _ X4.9 Regression Analysis and Concentration-Effect Curve
data before use of a contingency table test. Estimation—An alternative to tests for statistically significant

. differences is to fit concentration effect models or regression
X4.7.1 Both contingency table tests and ANOVAests ar® models to the data and estimate the concentration that corre-
overall tests that do not assume any particular form for th% onds to a specified amount of difference from the control

relation between effects and concentrations. They are thus nQl atment(59). Concentration effect curve models, such as

designed to be pgrtlcularly sensitive to qne—S|ded, monotong, pi and logit, are commonly used to describe trends in
trends characteristically observed in toxicity tests. Specialized.

tests have been desianed to be mor nsitive to relation hotomous data on survival. Linear and quadratic polynomial
tﬁfs St a eSee es?] ? to € tﬁ ege ss'dedoMea ons P{gression models are commonly used to describe trends in

IS lype. Some such tests are the Lne-side easure gl antitative data on growth and reproduction. Toxicity tests
Association Tests, the Cochran-Armitage Test for categoric

. . . hould be designed to avoid the need for extrapolation, which
data, and tests based on linear or polynomial regression mod Sn introduce biases into the estimates
for continuous dat#29, 52) '

X4.7.2 ANOVA tests are based on normal distribution *#4.9.1 Pointestimates, such as the EC10, EC25, and EC50,

theory and assumes) that the data within treatments are a € examples of end points calculated using regression analy-
random sample from an approximately normal distribution SIS- Wl_wenever a point estimate is caIcuIaFed, |ts'95 % confi-
and b) that error variance is constant between treatments. AG€nce interval should also be calculated. Fin(&8) discusses

a part of the ANOVA, statistical tests for the assumptions oft€ Probit model in considerable detail, and Draper and Smith
normality and homoscedasticity should be performed to detef61) and Neter, Wasserman, and Kutn@?2) discuss most
mine whether there are any obvious violations of thesdractical aspects of regression analysis. Feder and C¢li8)s
assumptions. When results of an ANOVA are reported, th&liSCuss use of these techniques in aquatic toxicology.
ANOVA model and table, thé statistic and its significance ~ *4.9-2 When a regression model or concentration effect

level, and the power of the test should be presented. curve model is fitted, data for each experimental unit are
plotted against concentration. If necessary, transformation of

X4.8 Multiple Comparison ProceduresThe usual ap- the effect data or concentration data, or both, should be
proach to analyzing data from sublethal tests is to compare dafgerformed to stabilize variability across treatments and to
for each concentration of the test material to data for thgroduce a smooth trend. For example, if effects or concentra-
controls. In Fisher’'s Protected Test, which is only used if thetions cover a range of one or more orders of magnitude, a
ANOVA F-test is significan{53), each concentration of test logarithmic transformation of either concentration or effect, or
material is compared to the control(s) using thest. If the  both, might be appropriate. On the basis of preliminary graphs,
investigator desires to set the experiment wise alpha, rather regression model should be postulated and fitted to the data
than a comparison wise alpha, Dunnett's proceddf® 54) using a linear or nonlinear regression fitting technique. Residu-
can be used without the ANOVA-test. Williams’ procedure als from the model should be calculated and plotted against
(53, 55)also tests the control(s) versus each concentration, batppropriate variables. Any systematic structure in the residuals
makes the additional assumption that the true mean follows mdicates lack of fit of the model and the model should be
monotonic relation with increasing concentration. The lattermodified and the procedure repeated. This cycling should
procedure is more powerful if the assumption is correctcontinue until the pattern associated with the residuals is
Alternatively, Tukey’s (56) No Statistical Significance of minimized. Presentation of results of regression or concentra-
Trend, (NOSTASOT) test can be used with the same assumpion effect curve analysis should include the entire regression
tions as Williams’ procedure. Shirlefs7) has developed a equation in its final form, along with the standard error of the
nonparametric equivalent for Williams’ test and Williaifi8)  residuals.
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