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superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide covers procedures for obtaining laboratory

data concerning the adverse effects of a test material (added to

dilution water, but not to food) on Daphnia magna Straus,

1820, during continuous exposure throughout a life-cycle using

the renewal or flow-through techniques. These procedures also

should be useful for conducting life-cycle toxicity tests with

other invertebrate species and cladocerans from the same genus

(for example, Daphnia pulex), although modifications might be

necessary.

1.2 These procedures are applicable to most chemicals,

either individually or in formulations, commercial products, or

known mixtures. With appropriate modifications, these proce-

dures can be used to conduct tests on temperature, dissolved

oxygen, pH, and on such materials as aqueous effluents (also

see Guide E1192), leachates, oils, particulate matter,

sediments, and surface waters. The technique, (renewal or

flow-through), will be selected based on the chemical charac-

teristics of the test material such as high oxygen demand,

volatility, susceptibility to transformation (biologically or

chemically), or sorption to glass.

1.3 Modification of these procedures might be justified by

special needs or circumstances. Although using appropriate

procedures is more important than following prescribed

procedures, results of tests conducted using unusual procedures

are not likely to be comparable to results of standard test

procedures. Comparison of results obtained using modified and

unmodified versions of these procedures might provide useful

information on new concepts and procedures for conducting

life-cycle toxicity tests with D. magna. Appendix X3 provides

modifications for conducting the chronic toxicity test method

with D. pulex Leydig, 1860.
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1.5 The values stated in SI units are to be regarded as

standard. No other units of measurement are included in this

standard.

1.6 This standard does not purport to address all of the

safety concerns, if any, associated with its use. It is the

responsibility of the user of this standard to establish appro-

priate safety, health, and environmental practices and deter-

mine the applicability of regulatory limitations prior to use.

Specific hazard statements are given in Section 8.

1.7 This international standard was developed in accor-

dance with internationally recognized principles on standard-

ization established in the Decision on Principles for the

Development of International Standards, Guides and Recom-

mendations issued by the World Trade Organization Technical

Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:2

E729 Guide for Conducting Acute Toxicity Tests on Test

Materials with Fishes, Macroinvertebrates, and Amphib-

ians

E943 Terminology Relating to Biological Effects and Envi-

ronmental Fate

E1023 Guide for Assessing the Hazard of a Material to

Aquatic Organisms and Their Uses

E1192 Guide for Conducting Acute Toxicity Tests on Aque-

ous Ambient Samples and Effluents with Fishes,

Macroinvertebrates, and Amphibians

E1733 Guide for Use of Lighting in Laboratory Testing

E1847 Practice for Statistical Analysis of Toxicity Tests

Conducted Under ASTM Guidelines

IEEE/ASTM SI 10 American National Standard for Use of

the International System of Units (SI): The Modern Metric

System

3. Terminology

3.1 The words “must,” “should,”“ may,” “can,” and “might”

have very specific meanings in this guide.

3.2 must—used to express an absolute requirement, that is,

to state that the test ought to be designed to satisfy the specified

condition, unless the purpose of the test requires a different

design. “Must” is used only in connection with factors that

directly relate to the acceptability of the test (see 14.1).

3.3 should—used to state that the specified condition is

recommended and ought to be met if possible. Although

violation of one “should” is rarely a serious matter, violation of

several will often render the results questionable. Terms such

as “is desirable,” “is often desirable,” and “might be desirable”

are used in connection with less important factors.

3.4 may—used to mean “is (are) allowed to,” “can” is used

to mean “is (are) able to,” and “might” is used to mean “could

possibly.” Therefore the classic distinction between “may” and

“can” is preserved, and “might” is never used as a synonym for

either“ may” or “can.”

3.5 For definitions of other terms used in this guide, refer to

Guide E729 and Terminology E943. For an explanation of

units and symbols, refer to IEEE/ASTM SI 10.

4. Summary of Guide

4.1 A 21-day life-cycle toxicity test for Daphnia magna is

described. The test design allows for the test organisms to be

exposed to a test material using either the renewal technique

(with exchange of the total volume of test water and toxicant at

least three times a week) or the flow-through technique (with

continual water and toxicant addition, usually at least four

volume additions per day). At least five concentrations of a test

material, a control, and a solvent control (if applicable)

replicated at least four times are recommended. Each test

concentration has at least ten Daphnia per treatment. There are

two applicable exposure approaches (both may be renewal or

flow-through): (1) use of a minimum of ten daphnids per

treatment and one daphnid per replicate (renewal or flow-

through); or (2) use of four replicates with at least five

daphnids per replicate (≥20 daphnids per treatment). A control

consists of maintaining daphnids in dilution water to which no

test material has been added to provide (1) a measure of the

acceptability of the test by giving an indication of the quality

of the test organisms and the suitability of the dilution water,

food, test conditions, handling procedures, and so forth, and (2)

the basis for interpreting data obtained from the other treat-

ments. In each of the other treatments, the daphnids are

maintained in dilution water, to which a selected concentration

of test material has been intentionally added. Measurement end

points obtained during the test include the concentration of the

test material and final number alive, final weight, final length,

and number of progeny per daphnid. Data are analyzed to

determine the effect of the test material on survival, growth,

and reproduction of D. magna. These methods are also

applicable for chronic toxicity testing using the conspecific

Daphnia pulex, with slight modifications provided in Appendix

X3.

5. Significance and Use

5.1 Protection of an aquatic species requires prevention of

unacceptable effects on populations in natural habitats. Toxic-

ity tests are conducted to provide data that may be used to

predict what changes in numbers and weights of individuals

might result from similar exposure to the test material in the

natural aquatic environment. Information might also be ob-

tained on the effects of the material on the health of the species.

5.2 Results of life-cycle tests with D. magna are used to

predict chronic effects likely to occur on daphnids in field

situations as a result of exposure under comparable conditions.

5.2.1 Life-cycle tests with D. magna are used to compare

the chronic sensitivities of different species, the chronic tox-

icities of different materials, and study the effects of various

environmental factors on the results of such tests.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or

contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM

Standards volume information, refer to the standard’s Document Summary page on

the ASTM website.
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5.2.2 Life-cycle tests with D. magna are used to assess the

risk of materials to aquatic organisms (see Guide E1023) or

derive water quality criteria for aquatic organisms (1).3

5.2.3 Life-cycle tests with D. magna are used to extrapolate

the results of chronic toxicity tests on the same test material

with the same species in another water or with another species

in the same or a different water. Most such predictions take into

account the results of acute toxicity tests, and so the usefulness

of the results of a life-cycle test with D. magna may be

increased by reporting the results of an acute toxicity test (see

Guide E729) conducted under the same conditions. In addition

to conducting an acute toxicity test with unfed D. magna, it

may be relevant to conduct an acute test in which the daphnids

are fed the same as in the life-cycle test to see if the presence

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

test and the acute-chronic ratio (ACR) (see 10.3.1).

5.2.4 Life-cycle tests are used to evaluate the biological

availability of, and structure-activity relationships between,

test materials and test organisms.

5.3 Results of life-cycle tests with D. magna might be

influenced by temperature (2), quality of food, composition of

dilution water, condition of test organisms, test media (for

example, water hardness), and other factors.

6. Apparatus

6.1 Facilities—Culture and test chambers are often kept in a

separate room maintained at about 20 °C. Alternatively, cul-

tures and test chambers may be placed in a temperature-

controlled water bath, environmental chamber, or incubator.

The water-supply system should provide an adequate supply of

dilution water to the culture tanks and test chambers. The

water-supply system should be equipped for temperature con-

trol and aeration, and strainers and air traps should be included

in the water-supply system. Air used for aeration should be free

of fumes, oil, and water; filters to remove oil and water are

desirable. Filtration of air through a 0.22-µm bacterial filter

might be desirable (3). During culturing and testing, daphnids

should be shielded from disturbances to prevent unnecessary

stress. The test facility should be well-ventilated and free of

fumes. A timing device should be used to provide a 16-h light

and 8-h dark photoperiod (4). A 15 to 30-min transition period

when lights go on might be desirable to reduce the possibility

of daphnids being stressed by instantaneous illumination; a

transition period when lights go off may also be desirable (see

Guide E1733).

6.1.1 When D. magna are fed live algae, a high-light

intensity might cause sufficient photosynthesis to result in an

increase of pH high enough to kill daphnids (5). Therefore, the

maximum acceptable intensity is dependent on the buffer

capacity of the dilution water, species, and density of algae,

and the kind of test chamber and cover (see Guide E1733).

Light intensities up to 600 lx or a fluence rate of 1 w/m2 will

usually be acceptable, but higher intensities might result in an

unacceptably high pH in the culture water.

6.2 Construction Materials—Equipment and facilities that

contact stock solutions, test solutions, or any water into which

daphnids will be placed should not contain substances that can

be leached or dissolved by aqueous solutions in amounts that

can adversely affect daphnids. In addition, equipment and

facilities that contact stock solutions or test solutions should be

chosen to minimize sorption of test materials from water.

Glass, Type 316 stainless steel, nylon, fiberglass, silicon, and

fluorocarbon plastics should be used whenever possible to

minimize leaching, dissolution, and sorption. Concrete and

rigid (unplasticized) plastics may be used for culture tanks and

in the water-supply system, but they should be soaked, prefer-

ably in flowing dilution water, for several days before use (6).

Cast-iron pipe may be used in supply systems, but colloidal

iron probably will be added to the dilution water and strainers

will be needed to remove rust particles. Copper, brass, lead,

galvanized metal, and natural rubber should not contact dilu-

tion water, stock solutions, or test solutions before or during

the test. Items made of neoprene rubber and other materials not

previously mentioned should not be used unless it has been

shown that their use will not adversely affect survival, growth,

and reproduction of D. magna (see Section 14).

6.3 Test Chambers:

6.3.1 Flow-through tests, 500-mL to 2-L glass beakers (or

equivalent) with a notch (approximately 4 by 13 cm) cut in the

lip may be used to expose the Daphnia to the test material. The

notch should be covered with 0.33-mm opening (U.S. standard

sieve size No. 50) stainless steel or polyethylene screening

small enough to retain first instar Daphnia. The screen can be

attached to the beaker with silicone adhesive. The chambers

should provide at least 30 mL of solution for each of the initial

test daphnid(s).

6.3.2 Renewal tests, beaker ranging in size from 100 to 1000

mL. A notched chamber is not required for a renewal test. Each

chamber should provide at least 40 mL of solution for each of

the initial test daphnid(s).

6.3.3 Any container made of glass, Type 316 stainless steel,

or a fluorocarbon plastic may be used if (1) each chamber is

separate with no interconnections, (2) each chamber contains at

least 30 mL of test solution (see 12.4) per first-generation

daphnid for flow-through tests and at least 40 mL for renewal

tests, (3) there is at least 1000 mm2 of air to water interface per

daphnid, and (4) the test solution is at least 30 mm deep. Static

test chambers should be covered with glass, stainless steel,

nylon, or fluorocarbon plastic covers to keep out extraneous

contaminants and to reduce evaporation of test solution. All

chambers and covers in a test must be identical. Covers are not

required for flow-through studies.

6.4 Cleaning—Test chambers and equipment used to pre-

pare and store dilution water, stock solutions, and test solutions

should be cleaned before use. New equipment should be

washed with detergent and rinsed with water, a water-miscible

organic solvent, water, acid (such as 5 % concentrated nitric

acid), and washed at least twice with distilled, deionized, or

dilution water. Some lots of some organic solvents might leave

a film that is insoluble in water. Also, stronger nitric acid, for

example, 10 %, might cause deterioration of silicone adhesive;

an initial rinse with 10 % concentrated hydrochloric acid might

3 The boldface numbers in parentheses refer to the list of references at the end of

this guide.
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prevent such deterioration. A dichromate-sulfuric acid cleaning

solution can generally be used in place of both the organic

solvent and the acid, but it might attack silicone adhesives. At

the end of every test, all items that are to be used again should

be immediately (1) emptied, (2) rinsed with water, (3) cleaned

by a procedure appropriate for removing the test material (for

example, acid to remove metals and bases; detergent, organic

solvent, or activated carbon to remove organic chemicals), and

(4) rinsed at least twice with distilled, deionized, or dilution

water. Acid is useful for removing mineral deposits. Test

chambers should be rinsed with dilution water just before use.

6.5 Acceptability—Before a toxicity test is conducted in

new test facilities, it is desirable to conduct a control water-

only (that is, no test material) test, in which all test chambers

contain dilution water. This test will reveal (1) whether D.

magna will survive, grow, and reproduce acceptably (see

Section 14) in the new facilities, (2) whether there are any

location effects on survival, growth, or reproduction, and (3)

the magnitude of the within-chamber and between-chamber

variance.

7. Reagents

7.1 Purity of Reagents—Reagent grade chemicals shall be

used in all tests. Unless otherwise indicated, it is intended that

all reagents shall conform to the specifications of the Commit-

tee on Analytical Reagents of the American Chemical Society

where such specifications are available.4 Other grades may be

used, provided it is first ascertained that the reagent is of

sufficiently high purity to permit its use without lessening the

accuracy of the test.

8. Hazards

8.1 Many materials can affect humans adversely if precau-

tions are inadequate. Therefore, skin contact with all test

materials and solutions should be minimized by wearing

appropriate protective gloves (especially when washing equip-

ment or putting hands in test solutions), laboratory coats,

aprons, and glasses, and by using dip nets or tubes to remove

daphnids from test solutions. Special precautions, such as

covering test chambers and ventilating the area surrounding the

chambers, should be taken when conducting tests on volatile

materials. Information on toxicity to humans (7), recom-

mended handling procedures (8), and chemical and physical

properties of the test material should be studied before a test is

begun. Special procedures will be necessary with radiolabeled

test materials (9) and with materials that are, or are suspected

of being, carcinogenic (10).

8.2 Disposal of stock solutions, test solutions, and test

organisms might pose special problems in some cases;

therefore, health and safety precautions and applicable regula-

tions should be considered before beginning a test. Removal or

degradation of test material might be desirable before disposal

of stock and test solutions.

8.3 Cleaning equipment with a volatile solvent such as

acetone should be performed only in a well-ventilated area

with no smoking allowed and no open flame, for example, pilot

light, is present.

8.4 Acidic solutions and hypochlorite solutions should not

be mixed together because hazardous fumes might be pro-

duced.

8.5 Because dilution water and test solutions are usually

good conductors of electricity, use of ground fault systems and

leak detectors should be considered to help prevent electrical

shocks.

8.6 To prepare dilute acid solutions, concentrated acid

should be added to water, not vice versa. Opening a bottle of

concentrated acid and mixing concentrated acid with water

should be performed only in a well-ventilated area.

9. Dilution Water

9.1 Requirements—The dilution water should (1) be accept-

able to D. magna, (2) be of uniform quality, and (3), except as

stated in 9.1.4, not unnecessarily affect results of the test.

9.1.1 The dilution water must allow satisfactory survival,

growth, and reproduction of D. magna (see Section 14).

9.1.2 The quality of the dilution water should be uniform,

allowing the brood stock to be cultured and the test conducted

in water of the same quality. In particular, during culture or

testing, or both, the range of hardness should be 610 % of the

average.

9.1.3 The dilution water should not unnecessarily affect

results of a life-cycle test with D. magna because of such

things as sorption or complexation of test material. Therefore,

except as stated in 9.1.4, concentrations of both total organic

carbon (TOC) and particulate matter should be less than 5

mg/L.

9.1.4 If it is desired to study the effect of an environmental

factor such as TOC, particulate matter, or dissolved oxygen on

the results of a life-cycle test with D. magna, it will be

necessary to use a water that is naturally or artificially high in

TOC or particulate matter or low in dissolved oxygen. If such

a water is used, it is important that adequate analyses be

performed to characterize the water, and that a comparable test

be available or conducted in the laboratory’s usual culture

dilution water to facilitate interpretation of the results in the

special water.

9.2 Source:

9.2.1 The use of reconstituted water might increase compa-

rability of test results between laboratories. The hard reconsti-

tuted fresh water (160 to 180 mg/L as CaCO3) described in

Guide E729 has been used successfully. Addition of 2 µg of

selenium(IV) and 1 µg of crystalline vitamin B12/L might be

desirable (11). Other water sources (natural or reconstituted)

may be used if they have been demonstrated to provide

adequate daphnid survival, growth, and reproduction.

9.2.2 Natural fresh waters have been used successfully.

Natural waters should be obtained from an uncontaminated

source of consistent quality. A well or spring is usually

4 Reagent Chemicals, American Chemical Society Specifications, American

Chemical Society, Washington, DC. For suggestions on the testing of reagents not

listed by the American Chemical Society, see Analar Standards for Laboratory

Chemicals, BDH Ltd., Poole, Dorset, U.K., and the United States Pharmacopeia

and National Formulary, U.S. Pharmacopeial Convention, Inc. (USPC), Rockville,

MD.
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