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Effluents with Fishes, Maroinvertebrates, and 

ended and ought to be met ifpossible. Although 
"should" is rarely a serious matter, violation of 

classic distinction between "may" and 
'might" is never used as a synonym for 

I-day life-cycle toxicity test for Daphnia.magna is 

tions per day). At least five concentrations of a test 

treatment has only one daphnid per replicate 
cal technique (renewal or flow-through) uti- 

handling procedures, and so foah, and (6) the basis for 
interpreting data obtained from the other treatments. 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 
du~%~gthe test include the concentration of the test material and 
final number alive, final weight, and number of progeny per 
daphnid. Then data are analyzed to determine the effect of the 
test material on survival, g~owth, and reproduction of D. 
magna. 

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 ab- 
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. 

5.3.1 Life-cycle tests with D.magna are used to compare 
the chronic sensitivities of different species, the chronic tox- 
icities of dserent materials, and study the effects of various 
environmental factors on the results of such tests. 

5.2.2 Life-cycle tests with.D. m g n a  are used to assess the 
risk of matedals to aquatic organisms (see Guide E 1023) or 
derive water quality criteria for aquatic organisms (I)? 

5.2.3 Life-cycle tests with D. m g n a  are used topredict the 
results of c@~onic 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, andso the usefulness 
of the results of a life-cycle test with D: m g n a  is greatly 
increased by also reporting the results of an acute toxicity test 
(see Guide E.729) conducted under the same conditions. In 
addition to conducting an acute toxicity test with unfed D. 
magna, it may be desirable 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 
ifluenced by temperahue (Z), quality of food, composition of 
dilution water, condition of test organisms, and other factors. 

6.Apparatus 
6.1 Facilities-Culture and test chambers are often kept in 

a room maintained at about 20°C but at separate locations. 
Alternatively, culture and test chambers may be placed in a 
temperature-controlled water bath or 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 control 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 though a 
0.22-w bacterial filter m i a t  be desirable (7).During cullwing 
and &ting, daphnids shoild he shielded from disturbances t i  
prcvent 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 photoprriod (8). A15 to 
30-min transition period when lights go on might be desirable 
to reduce the possibility of daphnids. being stressed by instan- 
taneous illumination; a transition peridd when lights go off may 
also be desirable. 

6.1.1 When D. magnu are fed algae, a high-light intensity 
might cause snfEcient photosynthesis to result in an increase of 
pH high enough to kill daphnids (9). 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. .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 p H i n  the 
culture water. 

6.2 Comlructio~ Mareriols-Equipment and facilities that 
contact stock solutions, testsolutions, or any water into which 
daphnids will be placed should not contain substancesthat can 
be leached or dissolved by aqueous solutions in amounts that 
can adversely affect daphnids. In addition, equipment and 
facilities that contact stwk solutions or test solutions should be 
chosen to minimize sorption of test materials from water. 
Glass, %e 316 stainless steel, nylon, fiberglass, silicon, and 
fluorocarbon. plastics should he  used whenever possible to 
minimize leaching, dissolution, and sorption. Concrete and 
rigid (unplasticized) plastics may be used for cultwe tanks and 
in the water-supply system, but they should be soaked, prefer- 
ably in flowing dilution water, for several days before use (ID). 
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 pacticlu. 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 &ect sunival growth, 
and reproduction of D. magnu (see Section 14). 

6.3 Test Chambers: 
6.3.1 Flow-thmugh rests, 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 shouId be covered with 0.33-mm opening (U.S.standard 
sieve size No. 50) stainless steel or polyethylene screening 
small enough to retain h t  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 daphuid(s). 

6.3.2 Renewal tests, beaker ranging in sizefrom 100 to IWO 

mL. Anotched chamber is not required for a renewal test. Ea, 
chamber should provide at least 40 mL of solution for each 
the initial test daphnid(s). 

6.3.3 Any container made of glass, 5 p e  316 stainless sw 
or a fluorocarbon plastic may be used if (a) each chambw 
separate with no interconnecuons, (b) each chamber contains 
l&t 30 mL of test solution (see 12.4) per first-generatin 
daphmd for Bow-through tests and at least 40 mL for renea 
te&, (c) there is at least 1000 mm2 of ,airto water interfacep 
daphnid, and (4the test solution is at least 30 mm deep. Stal 
test chambers should be covered with glass, stainless st6 
nylon, or fluorocarbon plastic covers to keep out exwan+ 
contaminants and to reduce evaporation of test solutioni'3 
chambersand covers in a test must be identical. Covers area 
required for flow-through sntdies. 

, ..:$
6.4 Cleaning-Test chambers and equipment used to$r 

pare and store dilution water, stock solutions, and test solutia 
should be cleaned before use. New equipment shonj&$' 
washed with detergent and rinsed with water, a water-rnisoj! 

exampie, acid to remove met& and bases; detergent, 
solvent, or activated carbon to remove organic chemic 
(d)rinsed at least twice with distilled, deionized, or. 
water. Acid is useful for removing mineral dep 
chambers should be rinsed with dilution water just b 

7. Reagents 

'Reagmr Chemicals, Amrrimn Clzen~icciSociery S P P P ~ ~ C O ' ~ ~ ~  
Chemical Sodcry, Warhiogtan. DC. For ~ggcs l iansan the wring of 

luted by the Amcrisno Chemical Socicry, see. ilnolor ~rondard' 

Chcmimk, BDH Ltd.. Pwic. Domf U.K.,and the Unirrd S 

and ~0tion.1~onnulary.U.S.Pharmacopcid Convention. Inc. 
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materials that are, or are suspected 

solutions, test solutions, and test 

c solutions and hypochlorite solutions should not 
di together because hazardous fumes might be pro-

diutiou water should not unnecessarily affect 

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 
ptrformed 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 inciease coinpa- 

rab'ility of test results between laboratories. Thc hard reconsti- 
tuted k s h  water (160 to 180 mg/L as CaC03) described in 
Guide E 729 has been used successiuUy. Addition of 2 pg of 
selenium(n7) and 1 pg of crystalline. vitamin B,,& might be 
desirable (11). Other water sources (natural or reconstituted) 
may be used if they have been demonstrated to provide 
adequate daphnid sunrival, growth, a id  &production. 

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 
preferable to a surface water. If a surface water isused, the 
intake should be positioned to minimize fluctuations in quality 
and the possibility of contamination and should maximize the 
concentration of dissolved oxygen to help ensure low concen- 
trations of sulfide and iron. 

9.2.3 Dechlorinated water is not recommended as a dilution 
water for Daphnia magna. Dechlo@ated water should be used 
only as a last resort because dechlorination is often incomplete 
and residual chlorine is quite toxic to D.  magna (12). Sodium 
b i t e  is probably better for dechlorinating water than 
sodium sulfite, amj both are more reliable than carbon filtra- 
tion, especidy for removing chloramines (13).Some organic 
chloramines, however, react slowly with sodium bisulfite (14). 
In addition to residual chlorine, municipal drinking water often 
contains unacceptably high wnceuaations of copper, lead, 
zinc, and fluoride, and quality is often rather variable. When 
necessary, excessive concentrations of most metals can usually 
be removed with a cbelating resin (15). 

9.3 lkatment 
9.3.1 Dilution water should be aerated intensively by such 

means as air stones, surface aerators, or column aerators 
(16,17) prior to Uleadditiou of test material. Adequate aeration 
will bring the pH and concentrations of dissolved oxygen and 
other gases into equilibrium with & air,and minimize oxygen 
demand and concentrations of volatiles. The concentration of 
dissolved oxygen in dilution water should be between 90 and 
100 % saturation to help ensure that dissolved oxygen concen- 
trations am acceptable in test chambers. Supersaturation of 
dissolved gases, which might be caused by heating dilution 
water, should he avoided to prevent gas bubble disease (18,19). 

9.3.2 Filtration through sand, sock, bag, or depth~type 
cartridge filters may be used to keep the concentration of 
particulate matter acceptably low (see 9.1.3). 

9.3.3 Dilution water that might be contaminated with unde- 
sirable microorganisms may be passed through a properly 
maintained ultraviolet sterilizer (20) equipped with an intensity 
meter and flow controls or passed through a filter with a pore 



size of 0.45 p. Water that might be contaminated with (22). Minimum necessary amounts of strong acids and 
Aphanomyces daphniae should be autoclaved (7). may be used to prepare aqueous stock solutions, but 

9.4 Characterization: 	 reagents might atrect the pH of test solutions appreciably., 
9.4.1 The following items should be measured at least twice of a more soluble form of the test material, such as chlorid 

each year, and more often if, (a) such measurements have not sulfate salts of organic amines, sodium, or potassium salts 
been made semimuaily for at least 2 years,.or (b) surface phenols and organic acids, and chloride or nitrate salts 
water is used: hardness, alkalinity, conductivity, pH, particulate metals, might affect the pH even more than the use of! 
matter, TOC, organophosphorus pesticides, polychlorinated ninimum necessary amount of strong acid or base. ,. 

biphenyls (PCBs), chlorin@ phenoxy herbicides, ammonia, 10.2.3 If a solvent other than dilution water is used,. 
cyanide, sulfide, chloride, bromide, fluoride, iodide, nitrate, concentration in test solutions should be kept to a minim 
phosphate, sulfate, calcium, magnesium, sodium, potassium, and should not &ect survival, growth,or reproduction of 
aluminum, arsenic, beryllium, boron, cadmium, chromium, magna:Because of their low toxicities to aquatic animals. 
cobalt, copper, iron, lead,.manganese, mercury, molybdenum, low.volatilities, and high abilities to dissolve many or 
nickel, selenium, silver, and zinc. chemicals, dimethylformamide and Uiethylene glycol are 

9.4.2 For each analyticalmethod used (see 13.3) to measure good ,organic solvents for preparing stock solutions. 
theparameters listed in 9.4.1, quantification of the limit should water-miscibleorganic solvents such as methanol, ethano ,~ 
be below either (a) the concentration in the dilution water or acetone.may also beusedas carriers, but they might s ' 
(b) the lowest concentration that has been shown to adversely undesirable growths of microorganisms, and acetone is 
affect the survival, growth, or reproduction of D. rnagna (21). volatile. If an organic solvent is used, its concentration . . 

test solution should not exceed 0.1 mUL. Surfactants
10. Test Material 	 not be usedin the preparation of stock solutions becau 

10.1 General-The !st material should be reagent grade5 might aEectthe form and toxicity of the test material 
or betkr, unless a test on a foimulation, commercial product, or solutions; (These limitations do not apply to any ingredieu 
technical-grade or use-grade material is specifically needed. a mixture,formulation, or commercial product unless an 
Before a teat is begun, the following should be known about amount of solvent is used in the preparation of the 
the test material: solution.)

10.1.1 Identities and concentrations o f  major ingredients 10.2.4 I r a  solvent,other than water is used as a 
and major impurities. For example, impurities constimting least one solvent control, using solvent from the s . . .  . more than about 145 of the. miterial.' 	 used to make the stock s 

10.1.2 Solubility and stability in the dilution water and water control, must be included in the test. 
solvents. 10.2.4.1 If the test contains bo 10.1.3 Measured acute toxicity to D. mgna. 

10.1.4 Measured or estimated chronic toxicity to D.magna. 	 and a solvent control, the survival 

10.1.5 Recision and-bias of the analytical method at the D. magna in the two controls sho 

planned concentration(s) of test material. If a statistically significant 

10.1.6 Estimate of toxicity to humans.' . , '  	

or reomduction is detected between the two controls, 

10.1.7 Recommended handling procedures (see 8.1). 	 solvent control is normally used for meerlng the requuemc, 
soecfied m Sectlon 14 and a, the bass for the calculauon 10.2 Stock Solutions: results. Judgment might be required in the choice of wq10.2.1 Stock solutions are usuallyprepared prior to dosing control datarto use to compare with treatments especiallythe dilution water to obtain the desired test concentrations. the solvent concentration is not constant in the treatments. Water-soluble test materials can often be added directly to statistically significant difference is detected, the dilution water to prepare a stock solution (or in some cases the both controls should be used for meeting the require test solution). Test materials that are moderately soluble or specified in Section 14 and asthe basis for calculatin insoluble .in water are often dissolved i n  a solvent to form a results.stock solution that is then added to dilutionwater. If a stock 

solution is used, the concentration and stability of the test 10.2.5 If a solvent other than water is used as a cani 

materialin the stock solution should be determined before might be desirable to conduct simultaneous tests using. 

beginning the test. If the tesvmaterial is subject to photolysis, chemically unrelated solvents or two different con 

the stock solution should be shielded from light. If the test of the same solvent to obtain information concerning p 
material hydrolyzes or biodegrades rapidly, it might be neces- effects of solvent on results of the test. 

sary to preparenew stock solutions daily. 10.3 Test Concentration(s): 
10.2.2 The preferred carrier for stock solutions is dilution 10.3.1 If the test is intended to provide a good estima 

water except possibly for tests on hydrolyzable, oxidizable, and the highest concentration that will not unacceptably affe 
reducible materials. Filtration or sterilization, or both, of the survival, growth, or reproduction of D. nmgna, the 
water might be necesssry. If the hardness of the dilution water concentrations (see 12.l.i.l) should bracket the best 
in the test svstem will not be affected. distilled and deionized of that concentration. Such a orediction is usuallv based On 

water are &so acceptable for stock solution preparation. results of an acute toxicity,teit (see Guide E 729) with the:i 
Several techniques have been specifically developed for pre- material using the same dilution water and D. ntagna neon% 
paring aqueous stock solutions of slightly soluble materials (for example, individuals less than 24-h old). Because thef! 
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inthe life-cycle test sometimes affects the results of the 
test (24,25), acute tests should be conducted with and 

the food added to the dilution water prior to couducting 
study. Ifan acute-chronicratio has been determined 

,the test material with a species of comparable sensitivity, 
suit of the acute test with D. magna can be divided by the 

ratio. Except for a few materials (26, acute-
determined with daphnids.are typically less than 

e highest conceutration. of test material in a 
with D. magw is typically selected to be equal 

est concentration that caused adverse effects in a 
Ie acute test. 

2 In some si~ations(usually regulatory), it is only 
determine whether one specific concentration of 
unacceptably atrects survival, growth, or repro-

se situations.usually arise when the concentration 

to crowding, rapid changes in temperamre, and water quality. 
Daphnids should not be subjected to more than a 3°C change 
in water temperature in any 12-b period and preferably not 
more than a 3'C change in any 72-h period..Cultures should be 
regularly fed enough food to support adequate reproduction. 
Culture chambers should be cleaned periodically to remove 
feces, debris, and uneaten food. If culture chambers are 
properly cleaned and the density of daphnids is kept low, for 
example, no more than 1 daphnidl30 mt, the surface waterlair 
interface should provide adequate dissolved oxygen. Organ-
isms used for testing must produce at least 60 young per adult 
duringa 21-day test. 

I1.5 Food-Various combinations (see Appendix X2) of 
trout chow, yeast, alfalfa, and algae, such as Ankisrrodesmus 
convolutus, Ankistrodesmus falcatus, Chlorella vulgaris, 
Chlamvdomonas reinhardtii, and Raohidocelis subcaoitaro 

~sultlngfrom the dincl spphcation of a materid to 3.body of (formedy Selemrrum capncornurumj (31). have been suc-
water is known. or wheu the material is thought to be nontoxic cessfullv used for culturine and testing D maana The con-,, ,.::,.:;~-

..~.>st.itssolubility&tin Water. When t h m  is Oky interest in one centration of test material (number ofcells fo; algae) in the 
sG;$p&iific concentration, it is often only necessary to test that batch of food used Should be determined. The experience 
.'l:'gdicific concentration (see 12.1.2). aainid ovecthe past decade has shown that it is very im-t 

ecies-D. magna has been extensively used for 
-cycle toxicity tests because it is oneof the largest 

easy to identify, and is available from 
commercial sources. These procedures 

e for other daphnid species, although 
ations might be necessary. The identities of daphnids 
from laboratories and commercial sources should be 

any information that comes with the 
should be verified using the scheme of 

(27). .The-identiiication of other dafhnids may vary 
i:.i':\nth:the taxonomic reference used (282929).. . .  

tests with D. magna should begin 

in a test should be from the 
hid brood stock must have been-cultured 

leasttwo genetarions using the same food, water, and 
as will be used in the life-cycle test. This will not 

the daphnids, but will also demonstrate the 
food, water, and so forth, before the test. 

can be obtained from another laboratory 
When daphnids are brought into the 

be acclikted to the dilution water by 
water in the culture chamber from the 

weretransported to 100 % dilution water 
more days. Daphnids should be accli-

by changing the water tempera-
within 12 h until the desired 

acclimation to OH should 

. -
50 incorporate Lgae into the diet to maintain consistently 
healthv daohnids (32-34).

A . 

11.6 Hnndling-D. magna should be handled as little as 
possible. When handling is necessary, it should be done as 
gently, car~fully,and quickly so that the daphnids are not 
unnecessarily stressed. Daphnids should be introduced into 
solutions beneath the air-water interface. Daphnids that touch 
dry surfaces or are dropped or injured during handling should 
be discarded. Smooth glass tubes with an inside diameter of at 
least 5 mm should be used for transfening adult D. magna, and 
the amount of solution carrvover should be minimized. Eauio-
ment used to handle daphnids should be sterilizedbetween uae 
by autoclaving or bytreatment with an iodophor (35) or with 
200 mg of hypochloriteL for at least 1 h (see 6.4). 

11.7 Harvesring Young-Young less than 24-h old can he 
obtained using specially designed chambers (27) or by trans-
ferring to chambers containing~dilutionwater and food, allow-
ing an overnight period for brood release. 

11.8 Qualify-To decrease the chances of a test being 
unacceptable (see 14.1), the test should not begin with young 
that were in the first brood (32) nor with young from a daphnid 
that (a) is sick (7,361 or inwmpletely developed (ll), (b) is 
more than 50 days old, (c) did not produce before Day 
10. (ddid not oroduce at least 9 voune in the orevious brood.. . . -
or (e) is from a culture in which ephippia were produced or in 
which substantial mortality (>lo %) occurred during the week 
prior to the test. These factors are most easily monitored if an 
appropriate number of daphnids frombrood stock are individu-
ally isolated for the 7 days prior to the test, and young 
produced by these daphnids are used to sta~tthe test. 

~ -~~ 

Ot exceed more than 1.5 pH u k i  per day. 
1.4.2 D.magna has been culN~edin a variety of systems, 12. Procedure 

has in large gmups in aquaria, in groups of one to five, in 12.1 ExperimentalDesign-It is recommended that at least 
250-mL beakers, or in specially designed chambers four chambers per treatment containing at least ten daphnids 

per treatment be used for renewal and flow-through tests. As a 
4.3 To maintain D. magna in good condition, the brood minimum for flow-through and renewal tests, 10 daphnids per 
should be cultured so as to avoid unnecessary stress due ueatmeut could be used wheu each chamber contains only one 
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dapbnid and ten chambers per treatment are used. A compari-
son of the experimental design for renewal and flow-through 
tests is presented in Table 1. 

12.1.1 Decisions concerning the various aspects of experi- 
mental design, such as the number of treatments, dilution 
factor, and numbers of test chambers and daphnids per treat- 
ment, should be based on the purpose of the test and the type 
of procedure that is to be used to calculate results (see Section 
15). 

12.1.1.1 Alife-cycle test intended to allow calculation of an 
end point (see X1.2) usually consists of one or more control 
treatments and a geometric series of at least five concentrations 
of test material. In the controls, daphnids are exposed to 
dilution water to which neither test material nor solvent has 
been. added. One or more solvent .controls migbt also be 
necessary (see 10.2.3). Except for the control(s) and the high 
concentration, each concentration should be at least 50 % of 
the next higher one, unless information concerning the 
concentration-effect curve indicates that a dserent dilution 
factor is more appropriate. At a dilution factor of 0.5, five 
concentrations are areasonable compromise between cost and 
the risk of all concentrations being either too high or too low. 
If the estimate of chronic toxicity is particdaily uncertain (see 
10.3.1), six or seven concentrations might be desirable. 

12.1.1.2 If the pupose of the test is to determine whether a 
specified concentration causes adverse effects (see 10.3.2), 
onlv that concentration and aoomoriate control(s) are neces-.. -
s& ' h o  additional concentrations at about one-half and two 
times the specified concentration migbt be desirable to increase 
confidence in the results. 

12.1.2 The primary focus of the physical and experimental 
test design and the statistical analysis of the data is the 
experimental unit, which is defined as the smallest physical 
entity to which treamnts can be independently assigned (37). 
Therefore, the test chamber is the experimental unit. All 
chambers in the test should be treated as similarly as possible. 

TABLE 1 Experimental Deslgn 

Design Parameter Renewd Test FIow.Thmuph Tesl ' 

Number M test m5 2 5  
EMWnmuons 

contm1 Yes Yes 

Number of chambers AI iiast.4 ~t i k t 4 .  
Minimum number of 10 (Indhriduel daphnldl 10 (Individual daphnldl 

da~hnldsltreatmenl chamber) ohambr) 
20 20 
(m3Uple daphnldsl (muluple daphnidsl 

chamber) chamber) 
Number of dmphnldsllest At least 1 At l e s t  5 

chamber 
Feedlnp Once dally 2 to 3 dm88 ddly (or 

consnuaus) 
Renewd of ten soluUon At lean 3 Umeslwsek At least 1 volume 

replacsmsnwday 
Temperalure 20% m*C 
Water chemlatry New so1~ll0ns at each lnltially and at least 

renewd, old solutlona weekly thereafter 
aner longest tlme 
hour IM&I 

AnaIY1IcaI c~nlimallon 	 InMally and at least Inillally and at least 
of ten matedal 	 weeWv thereafler. old WBBWV themaner 

m& at least 
on- dudng the nudy 
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For'example, the temperature in all  test chambers should be a: 
similar as possible unless the purpose of the test is to study th 
effect of temperahue. .') 

12.1.3 Arenewal test system should consist of at least fi", 
test concentrations plus a control and solvent control '(i 
necessary). At least four chambers should be used for e d  
treatment and control, with at least 5 daphnids per cbamberj 
design that is frequently used is five treatment levels with '& 
chambers each with one daphnid per chamber. .:;$ 

12.1.4 The flow-through test can be any of several desi$ 
and should be capable of (a)  delivering at least five :%,i 
concentrations plus a control and solvent control; (b)deliv* 
test material concentrations that vary less than 530 % oft& 
mean measured amount over a 21-day period, and (c) auppii 
ing four to six volume exchanges of eachtest solution pa&$ 
At least four chambers must be used for each treatmeni.%i 
control, with at 'least ten daphnids per test concentratiom$ 
design that is frequently used is five treatments plus con&'i 
with four cbambers per treatment and with ten daphnidsph 
chamber. !::a 

12.1.5 Test Material Measurement-A general guide i?j 
the highest values for a given treatment level divided by%$ 
lowest measured value for the same treatment level shoul@ 

(c) random assignment of the Daphnia to the beakers 

sequence. 


sarily detrimental and test solutions may be aerated 

when needed to maintain dissolved oxygen levels. ViB 

aeration, however, should be avoided because it can: 

daphnids, resuspend fecal matter, and greatly 

imtion and evaporative losses. Because ga 

occurs at the waterlair interface and during 


concentration of dissolved oxygen. Aeration, when 

should be the same in all  test chambers, including the co 

at all times during the test. 


12.3 Temperature: 



to D. magna. 
12.3.2 For each test chamber in which temperature is 

. the time-weighted average temperature measured at 
' b e  end of the test should be within 2'C 	 of the selected test 
temperature. The difference between the highest and lowest 

2.5.2 A flow-through test system can be used for most test 
materials. but should be selected fm test materials that have a 

-,c<, a:@dcicy'& dissipate rapidly by hydrolysis, oxidation, photoly- 
j.y; ,reduction, .sorption, and volatilization. Several diluter 

&ms.are cumntly in use. Mount and Bruugs diluters (38) 
.~k~~beensu~cessfi l l~a,.,, modified for.Daphnia testing and other 

ilter.svstemsihave also been useful (39-45). 

hould be placed in each chamber. m e  test organisms 
added & the food has been added. Analytical 

would then be refilled with the appropriate test 

(b) each flow splitter divides the volume of water 
into approximately four equal Bows (+I0 %), (c) the 

cycles per hour (intermittent 
tal volume of flow per test 

s-flow diluters) is correct, 
is functioning properly. 
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Analytical firmati at ion Of the test concentrations are required 
before the test may begin. A careful check of the diluter system 
can save time, effort, and the need for repeating test material 
anaiyses. The diluter system typically needs to operate for at 
least two days prior to starting the test to check the reliability 
of the system and provide time for the toxicant to reach the 
desired concentration in each test chamber. 

12.6.1.3 Mean measured concentrations of the test material 
should vary less than 1 3 0  % from the intended nominal 
concentration for a test. 

12.6:2 The test begins when test organisms are first placed 
in the test solutions. Daphnids less than 24-h old should be 
impartially distributed to the test chambers by placing one 
daphnid in each test chamber from each treatment, and then a 
second daphnid in each test chamber from each treatment, and 
continuing the process until each test chamber contains the 
appropriate number of daphnids. Alternatively, the daphnids 
may be assigned by total randomization (see 12.1.6). 

12.7 Care and Maintenance-The test chambers should be 
brushed and rinsed .with dilution water at least three times a 
week. A common way of doing this is to remove the Daphnia 
by pipet and place it in 100 mL of test solution. Pour the 
remaining test solution through a fine-mesh screen into a clean 
test chamber. The test solution is retumed to the cleaned test 
chamber and the Daphnia are then retumed to the test solution. 
More frequent cleaning might be necessary if bacterial growth 
appears or if the DO content drops below 4.0 mgL. The test 
chamber screens (flow-through tests) should be brushed clean 
daily. 

12.7.1 In renewal tests. new iolutions will be placed in 
clean test chambers before the first-generation daphnids are 
returned after removal from old solutions. A duplicate set of 
test chambers can be used to facilitate the renewal procedure 
and allow for preconditioning of the test chambers, if needed. 

12.8 F e e d i n g S a c i e n t  food should be provided to ensure 
an acceptable level of reproduction. Each test chamber should 
nceive the same concentration. The use of algae, vitamins, 
alfalfa,or other materials in various combinations have been 
used successfully. 

12.8.1 Flow-Through Tests-A recommended regime is at 
least two feedings per day (preferably three feedings per day) 
where each feeding results in at least 1 mg/L trout chow 
suspension (optional) or 1.0 X lo8 algae cells& or both, in the 
test solutions. Continuous feeding methods have also been 
used successfully. A peristaltic pump is usually used to pump 
the food to the mixing cells of the diluter. 

12.8.2 Renewal Tests-Daily feedmg is recommended. This 
is accomplished by adding food to the test solutions each time 
the test solutions are renewed and once a day on days when the 
test solutions are not renewed. Sufficient food should be 
provided to result in at least 1-mpL trout chow suspension 
(optional) or at least 1.0 X 10' algae cellsL, or both, in the test 
solutions. 

12.8.3 The previously recommended amounts of food are 
suggested because they have been demonstrated to work. Other 
levels of food can be used as long as the number of young 
produced in the control treatments meets the minimum criteria 
for acceptance, that is, 60 young per adult in 21 days. 



12.9 Durarion-The test ends on Day 21, at which time the 
first generation (parent) daphnids are counted, growth mea- 
surements are taken, and the number of young, since last 
cleaning or renewal, both alive and dead, in each beaker are 
recorded. 

12.10 Biological Data: 
12.10.1 The death of all first generation d a p h d s  must be 

recorded daily, The criteria for death are absence of heartbeat. 
white or opaque coloration, lack of movement of appendages, 
and lack of response to gentle prodding. The daphnids in each 
chamber will be observed daily. Mean control survival must be 
270 46 for the test to be acceptable. 

12.10.2 Reproductive counts should be made at least three 
times weekly after Day 7; for example, every Monday, 
Wednesday, and Friday (that is, Days 9, 12, 14, 16, 19, and 21 
if the test was started on a Wednesday). A convenient way to 
count the young (noting living or dead) after the adults have 
been removed is to pour the old test solution through a small 
screen, rinse the young into a watchglass, and count over a 
~ i e c e  of black rrlastic bv removine the voung with a Pasteur 

v . 

'pipet. After the ;oung ~ h ~ h n i a  have been coGted, they can be 
discarded. A data recording system must be used that records 
survival and reproduction for each test vessel. 

12.10.3 The size of first-gcneratiop dupbnids (adults) ibat 
are alive at the end of the test must he determined using dry 
weight (normally, a mean dry weight is determined for pooled 
adults from each chamber) or length. Dry weight (wet weight 
is not acceptable) is determined by drying daphnids to a 
constant weight; at 60°C for 72 h or at 100°C for 24 h (46,47). 
Dry weight often preferred to length measurements because 
it ~rovides an indication of the effects of the test substance on 
the biomass production and hence energy transfer form one 
mphic level to the next. Length is measured as the distance 
from apex of the helmet to the base of the spine or may be 
extrapolated from a standard curve of dry weight to body 
length. 

12.10:4 The day when first reproduction of the first-
generation daphnids are observed for each chamber will be 
recorded (that is, time to hrst brood). 

12.10.5 Both first- and second-generation daphnids should 
be carefuUy and regularly observed during the test for abnor- 
mal development and aberrant behavior, such as inability to 
maintain position in the water column, uncoordinated swim- 
ming, and cessation of feeding. Although developmental and 
behavioral effects are often dif6cult to quanufy and might not 
provide suitable end points, they might be useful for interpret- 
ing effects on survival and growth and for deciding whether the 
test should he extended beyond the minimum duration (see 
12.8). 

12.10.6 Morphological examination of first-generation 
daphnids alive at the end of the test in each treatment, before 
they are dried, might be desirable. Biological and histological 
examination and measurement of test material in exposed 
daphnids will probably not be possible unless additional 
daphnids are exposed specifically for such purposes. 

12.10.7 It might be deskable to obtain data on the eifect of 
the test matenal on survival, development, and behavior of a 
few second-generation daphnids for 4 or more days. 

12.10.8 All or'ganisms used in a test should be destroyeda 
the end of the test. 

12.11 Other Measurements: 
12.11.1 Water Qualio (Flow-Through and Renewalp 

Hardness, allcalinity, conductivity,. dissolved oxygen, and pF 
should be measured at least weekly for the dilution water (no 
test water) used in the test. Dissolved oxygen and pH shouldb, 
measured at the beginning and end of the test, and at liE 
weekly during the test on the conml(s) and each treahnenl 
Hardness, alkalinity; and conductivity should also be m e a s 9  
in at least the highest test concentration at least once duringh 
test to determine whether they are affected by the test mateti* 
For renewal tests, hardness, alkalinity, conductivity, dissolve, 
oxygen, and pH should be measured in old solutions at leai 
weekly. Measurements of calcium, magnesium, sodium, pow 
sium, chloride, suEate, particulate matter, and TOC, or chemi 
cal oxygen demand (COD) may be:desirable for both fioy 
through and renewal tests. ,,!:,> 

12.11.2 Temperamre-Throughout the test duration, td 
perahlre must be measured or monitored at least hourly or* 
maximum and minimum temperatures must be measured d&j 
in at least one test chamber. Near the beginning, middle.:+ 
end of the test, temperature must be concurrently measured8 
all test chambers. If the test chambers are in a water bath,.G 
temperme of the water bath may be measured as a substim, 
for measurements in the test vessels. In this case, tempera* 
must he measured or monitored at least hourly in the waterba 
or the maximum and minimum temperatures must be meas* 
daily. If the test chambers are in a constant-temperam.ry 
or incubator, measuring or monitoring the air temper-% 
least hourly or measuring of the maximum and minimum$ 
temperature daily may be made instead of normal meas$ 
ments in the test chambers, provided that rneasurementsig 
made weekly to show that the test solutions are at the same$$ 
temperam as. the air. '. .ii$ 

12.11.3 Tesr Marenat .id 
12.11.3.1 The concentration of the test material in.!:? 

treatment should he frequently measured during the tese 
establish its average and variability. If the ten materiaL?in$ 
undehed mixture, such as a leachate or complex emu? 
direct measurement is probably not possible or practi$ 
Concentrations of these test materials will probably havedo; 
monitored by such indirect means as radioanalysis, ~rb[$ 
TOC, or by measurement of one or more chemical spe% 
components. ;$ 

12.11.3.2 The concentration of the test material in 9 
treatmint should be measured at least weekly, includind 
conool(s). For renewal tests, the old solutions must be1$ 
sured at least twice during the study (preferably on F,: 
solutions from longest renew4 interval). Analysis of addnot 
samples after filtration or centrifugation may be desirable3 
both fiow-through and renewal tests to determine the pa? 
age of test material that is not dissolved or is associated,?? 
pyticulate matter. When test concentrations are measuredj 
least two sampbs from two or more chambers should8 

...,$
measured. . , d  

12.11.3.3 In each treatment, the highest of all the 
concentrations obtained during the test divided by the 10% 

'-2 
.3 



are possibly being exposed to 
one or more impurities Mdegra-

of the impurities and 

samples for test 

. .  .~ 
and volatilization. 

t 
. , be obtained using 

l$,:j@$apiiate ASTM standards whenever possible. For those 
~ ~ d i l i s ~ i h n t s  

~ ~ 

for where ASTM standuds do not exist or are 
*~~not:sufficientlvsensitive enouzh, methods should be obtained 

reliable sources (49). The concentration of nonion- 
can be calculated from OH. temoerature, and . .  A 

ds. When appropriate, reagent blanks, 
dards should be included whenever 

e limit of detection of the. method and 
of the analytical instrument should 

of the following occurred. 
randomly assigned to test cham- 

chambers per treatment or 10 

daphnids more than 24-h old 
at had not been maintained 
ceptable reproduction. 

test k ter ia l  were not measured as specified in 12.11.2. 
14.1.9 The mean measured dissolved oxygen concentration 

in any treatment w& 4 . 0  m a  or any measured dissolved 
oxygen concentration was <li5 m a .  

14.1.10 The mean measured temperature in any treatment 
was not between 18 and 22°C or any measured temperature 
was below 17 or above 23°C. Excepl for example, if tempera-
ture was measured numerous times,.a deviation of more than 
3°C in any one measurement might be inconsequential. How- 
ever, if temperature was only measured a minimal number of 
times, onedeviation of more than3'C might indicate that more 
deviations would have beenfound if the temperature had been 
measured more. often. 

14.1.11 Thehighest measured concentration of &st material 
in a treatment was .more than twice the lowest in the same 
treatment. 

15. Calculation of Results 
15.1 The primary data obtained from a life-cycle test with 

Daphnia magma are .(a)ihe number of adults alive at the end of 
the test, (b) the number of live young produced per adult 
reproduction day or the total number of live young produced 
per chamber (c) time to first brood, (d) the dry weight (or 
length) of the first-generation daphnids (individuals from each 
chamber can be pooled) alive at the end of the test, and (e) the 
concentration of test material in the test solutions i n  each 
treatment. Other assessment end points may beobtained and 
evaluated (for example, time to appearance of the pdmipmus 
instar in the brood chamber, mean number of reproduction 
days, mean brood size, total number of broods produced per 
treatment, and mean number of broods produced per female. 

15.1.1 Reproductive data usually consist'of three param-
eters indicative of reproductive success: time to first brood, 
total number of young, and young per adult reproduction day 
'WAD). Time to firstbrood is calculated as the number of days 
after test initiation until the instar are first observed for each 
chamber.The total number of young is the cumulative number 
of young produced per chamber during the test: The YAD is 
determined from the total number of young produced and the 
number of adult reproduction days during the test. The adult 
reproduction days are based on the number of days daphnids 
are reproducing and the number of adult daphnids alive on each 
day. The number of reproduction days (normally 13 to 15) is 
counted from th-. day first neonate is observed (first 
re~roduction dav) to the last dav of the test. If re~roduction is 
&st observed &  ~ ~7 aof a t&t in a chamber containing 10 
adult daphmds and no mortality occurs for the durauon of the 
tests, then the chamber would have a total of 150 adult 
reproduction days (10 adults X 15 reproduction days). The 
value for adult reproduction days for each chamber is calcu- 
lated by summing the number of adult daphnids alive in each 
chamber for each reproduction day. These data are available 
from the daily survival data. An adult daphnid is considered 
dead for the whole 24 h preceding observed death. For 
example, if an adult daphnid is observed dead on Day 21, then 
that chamber would have one less adult reproduction day. 
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wm*: 7-1 M I  Chamber B and age of daphnids at the beginning of the test. 
myn flmbrocd oay 7 (e days without repmduction) 16.1.5 Description of the experimental design, tes 
Number of reproduction days - 15(U1atis. 21 -8 = 15) 
Numer n a u w n g  adulfs hwn oay 7 to Day 10 = to bers, compartments and covers, the depth and vol 

10 aduM x 4 npmdudon days -40 aauit mprcduniondays solution in the chambers, number of daphnids p 
Number of aurvbnp adultl horn Day 11 to Day 21 - 9 

9 aduM X 11 mproducuon days -99 adult reproduction days 	
chambers per treatment, conditioning, lighting, and rene 
schedule.TOW d u n  wpmdunlon day8 - 139 

TOWnumber d young - 1737 16.1.6 Procedure used to prepare food, concentration o 
1737 young - 12.50 younu adun reproductim days material and other contaminants in the food, and fee 

15.2 The statistical procedures that can be used to analyze frequency, and ration. 
results of life-cycle toxicity tests can be divided into two 16.1.7 Range and te-weighted average measured coic 

categories: those that test hypotheses and those that provide mation of dissolved oxygen (as percent of samation) for 
point estimates. No procedure should be used without careful fnatment and description of any aeration pedormed on 

consideration of the advantages and disadvantages ofvarious before Or during the test. 

altemative procedures and appropriate preliminary tests, such 16.1.8 Range and time-weighted average measured ! 

as those for outliers and for heterogeneity. The statistical t e m p a m  and the method(s) of measuring or monito 

procedure(s) and interpretation of the.results should be appro- both. 

priate to the experimental design (see 12.1). For example, if 16.1.9 Schedule for obtaining samples of test so 

results are calculated from daphnids that were all exposed in the methods used to obtain, prepare, and store the 

the same laboratory, the r d t s  only apply directly to that batch 16.1.10 Methods used for, the results (with 

of daphnids in that laboratory and do not necessarily apply to tions or confidence limits) of chemical analyses of w 

other batches or other laboratories. The major alternative quality and concentration(s) of test material (in fresh an& 

procedutes and points to be considered when selecting and test solutions), impurities, and reaction and degradation: 

using statistical procedures for analyzing results of life-cycle ucts,.including validation studies and reagent blanks. 
; 

toxicity tests with D. magna are discussed in Appendix XI. 16.1.11 Atable of data in su5cient detail to allowind 
dent statistical analyses on survival, growth, and repmd 

16. Report 	 of daphnids in each test chamber and in each trea 
16.1 The record of the results of an acceptable Me-cycle including the conml(s). 

toxicity test with D. magna should include the following 16.1.12 ~ ~ ~ h ~ d s  if an&used and 
information either directly or by reference to available docu- the data, 
ments: 16.1.13 Summary of general observations on other 

16.1.1 Names of test and investigator(s), name and location 16,1,14 Results of all associated acute toxicity tests,
of laboratory, and dates of initiation and termination of test. 

16.1.15 Anything unusual about the test, any deviatio 16.1.2 Source of test mateid, its lot number, composition 
(identities and concentrations of major ingredients and major these procedures, and any other relevant idonnation. 

impurities), bow,, 	 and the 16.2 Published reports should contain enough info chemical and 
identity and concentration(s) of any solvent used. . to clearly identify the procedures used and the quality 

16.1.3 Source of the dilution water, its chemical character- . results. 
istics, and a description of any pretreatment. 

16.1.4 Source of the brood stock, scientific name, name of 17. Keywords 

person who identified the species and the taxonomic key used, 17.1 ,.chronic; Daphnia magna; flow-though; inve 
acclimation and culture procedures used, observed diseases, life-cycle; renewal; toxicity 

MPENDMES 

@ionmandatoryInformation) 

XI. STATISTICALGUII)ANCE 

X1.1 Introduction-The goals of statistical analysis a ~ .to (d)multiple comparison techniques for simultaneous 
summarize, display, quantify, and provide objective yardsticks comparison of other treatment groups with control 
for assessing the strucnue, relations, and anomalies in data. concentration-effect curve analyses, and V) multi 
The data display and statistical techniques most commonly sion. If used conectly, each of these techniques 
used to achieve these goals are: (a) preliminary and diagnostic useful information concerning the results of an 
graphical displays. (b)pair-wise comparison techniques life-cycle test with D.magna. 

as !-tests and 2 by 2 contiogency table tests, (c) analysis of X1.l.l The three kinds of data that can be ohm 
variance (ANOVA) and corresponding contingency table tests, toxicity tests are dichotomous or categorical (for ex 



variation or to clerical or experimental errors. Statistical outlier 
detection procedures are screening procedures that indicate 
whether a datum is extreme enough to be considered outside 

questionable. values in order to assess their imporiance, be- 
cause one or a few extreme outliers can sometimes greatly 

~s of a specified absolute or relative amount of. difference in 
lbiological .a t~bute . . f iom the control treaunent(s). A X1.3.3 Data Tran.formatiom-Many standard statistical 
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analyses might be inappropriate. Feder and Collins (54) illus- 
trate transfomtion of data before use of a contingency table 
test, if necessary. 

X1.5.1 Both contingency table tests and .ANOVA followed 
by t-tests make no assumptioc about the particular form for the 
relationship .between effects wncentrations. merefore, 
they arc not designed to be particularly sensitive to the 
one-sided, monotonic trends ch~cteristically observed in 
toxicity tests. Specialized tests have been designed to be more 
sensitive to relations of this type. Some such tests are the 
one-sided measure of association test, the Cochran-Armitage 
test for categorical data, and tests based on linear or polyno- 
mid rcgressjon models for continuous data (58). The ANOVA 
tests arebased on normal distribution theory q d  assume that 
the: data within Ueaiments are a iandom sample from an 
approximately nonnal distribution and that error variance is 
constant between trearments. . . 

X1.5.2 As apart of the ANOVA, residuals should be plotted 
against concentration to detemri4e whether there are any
obvious violations of the assumptions of normality and ho- 
moscedasticity, that is, constant e m  variance. When results of 
an ANOVAare reported, the:ANOVA and the 
F-statistic and its significance level, the minimum detectable 
difference, and the power of the test.should be presented. 

X1.6 Multiple comparison Pmcedures-The usual ap- 
proach to analyzing data from life-cycle tests is to compare 
data for each concentration of the test material to data for the 
conuol(s). In Fisher's ProtectedTest, which shouldbe used 
only if the ANOVA F-test issignificant (59), each concentra- 
tion of test inaterial is .compared to the.conml(s) using the 
I-test. If the investigator desires to set an experiment-wise or, 
rather than a comparison-wise a,Dunnett's procedure (59,60) 
can:be used without the ANOVA F-test. Williams' procedure 
(59,61) also tests the control(s) versus each concentration, but 
makes the additional assumption that the m e  mean follows a 
monotonic relation with idcreasing concentr&o'n. The latter 
procedure is more powerful if the assumption is correct. 
Alternatively, Tukey's (62) No Statistical Significance of Trend 
WSTASOT) test can be used with the same assumptions as 
Williams' procedure. Shirley (63)has developed a nonpm- 
mehic equivalent for Wfi1iam' test, and Williams'(64) has 
modified and corrected Shirley's procedure to increase its 
power to detect the altemative hypothesis. 

X1.6.1 Care must be taken when using any of these proce- 
dures that an appropriate estimate of variability is used, 
incomoratine anv chamber-to-chamber variation that is- .  
present. Presentation of results of each comparison should 
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include the test statistic, its significance level, the 
detectable difference, and the power of the test. 

Xl.7 Regression Analysis and ConceMrarion-Eff~ecI 
Estimation-An alternative to tests for statistically si 
differences is to fit concentration-effect models or 
nwss ion  models to the data and estimate the conc 
that corresponds to a specified amount of difference 
control treatme 
Used to fit C 

made of the concentration that correspb 
amount of diEfereuce from the control treatment(s): 
and logit models are commonly used to describe 
dichotomous data, such as survival. Nonlinear or 
models, or both, are used for continuous 
weight, or young per adult reproducti 

--"'should be dosigned to avoid the need for 
it can introduce biasesinto the estimates. 

X1.7.1 Point estimates, such as theE 

Collins (54) discuss use of these te 

Ogy. 


produce a smooth trend. For example, if effects or 
tious cover a range of one 
logarithmic transformation 
both, might be appropriate. 
a regression model be and fitted to 
using a linear or regression fitting technique. 
als from the model should be calculated and plotted 
appropriate variables.~ny 
indicates lack of fit of th 

explained. Presentation of results of 

concentration-effect curve analysis should inc 


limits. 
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XZ. FOOD 

.1 introduction-A wide variety of foods have been used 
culturing and testing D. magna (67). The foods termed 

eric ate usually made from one or more ingredients such 
w or yeast. The foods termed natural consist of 
green 'algae and diatoms. Combination foods 

synthetic and natural ingredients. A number of 
compared the abilities of various foods to support 

,growth, and reproduction of D.magna (68).Although 
results of such comparisons have shown that there are 

al diiTerences between foods, definitive general con- 
arc not yet possible because (a) a food that works well 

laboratory sometimes works very poorly in another 
ory,, (b) subs+tial differences in composition and 

ue appear to occur within and between brands 
ulations of w u t  .chow, (c) some ingredients of 

8.. . 
foods an occasionally contaminated by pesticides 

and metals, (d) the daphnids might be feeding on secondary 
. 

P 
food. such as bacteria, that contaminate the food or grow in the .:<: .~ 

.P:,.~ist~chamber, essentialand (e) of a food does not contain I& 
I,.?
. : ( ~ c +metal, daphnids might be able to obtain the metal from 

$::!some dilution waters, but not from others. Therefore the 
6'%l16wing lnformatlon is mtended ',, ' 

to be helpful, but should not : , , ' . ' %.considered dehflve.  No test should be s w d  until a f&d 

is to be conducted (see 6.5 and 11.3). . . 

Numerous synthetic foods have been used with 
egrees of success (69). Tlle following formula has 

sed successfully in several laboratories as synthetic 
ality of the food will obviously depend mostly 
f the trout chow used. Other ingredients, such 
x (see X2.3.1), may be added if desired. 

and bring to volume. Mix well and let settle for 10 
Siphon the top 800 mL into a container and covu: White 
00 mLof food mixture is being stirred vigorously, remove 
10-mLsamples from the central portion of the container 

eans of a serological pipet with a tip opening of about 2.5 

evaporate the liquid portion to avoid spattering and dry 
at 60°C. Cool in a desiccator and weigh. Calculate the 

per millilitre in each sample, 2,as 

where: 

= solids in weighing pan, mg. 


Dilute the food mixture to approximakly 5 mg of dry solids 
( I .  per a t r e  by adding Y mL of water to the mixture, where: 

With the resulting Nxnue stirring vigorously, remove three 
10-mL samples, weigh as described in X2.2.2, and calculate 
the mean and standard deviation. If the standard deviation is 
more than 5 .% of the mean, the sampling should be repeated. 
The mean measured solids concentration is the value used to 
calculate the millilia of food mixture required for addition to 
the dilution water (see 12.5). Cover the mixture and store in a 
refrigerator for up to 14 days. 

X2.2.3 This food has often been used at 30 mg of dry solids 
per litre in test solutions because at lower concentrations small 
increases in the concenuation of food resulted i n  substantial 
increases in reproduction. At about 30 mgR. and above, higher 
concentrations of food resulted in only slight increases in 
reproduction. Although30 mg of solidsk might be suspected 
of causing muble to filter feeders and substantially reducing 
the dissolved oxygen concenuation, survival and reproduction 
of D. magna do not appear to be adveisely affected up to 60 
m a .  With some m n t  chows, it might be possible to use much 
less than 30 m a .  

X2.3 Natural Foods: 

X2.3.1 'Various natural foods have been used with different 
degrees of success, depending onthe species of green algae 
and diatoms used, the medium in which the algae and diatoms 
are grown, and the dilution water in which the daphnids are 
cultured. Although it requires more effort to prepare a natural 
food than a synthetic food, use of natural foods is strongly 
recommended because diets that contain natural foods have 
been shown to produce daphnids with high lipid content, large 
brood sizes, and acceptable survival rates (32,33,34). 

X2.3.2 The four species o f  green algae most .commonly 
used are Ankistrodesmus convolutus, A. falcatus, Chlamydomo- 
MS reinhardtii, and Raphidocelis subcapitata (formerly Sel- 
enastrum capricornutum). The diatom, Nirschia jiustulum, 
might be a desirable dietary supplement. Cultures of. these 
species can be purchased from several sources. Generally, the 
cultures are supplied on agar slants, which can be kept for 
several months in a dark refrigerator at 4°C. The green algae 
and di~toms are transferred to a liquid nutrient medium to grow 
large amounts for feeding daphnids. 

X2.3.3 Nutrient media are prepared by adding specified 
amounts of stock solutions to deionized or distilled water. To 
obtain consistent growth and food value of the green algae and 
diatoms, the quality of the water must be exceptionally good. 
Nutrient medium should be sterilized prior to the addition of 
algae and diatoms, either by filmtion Uuough a 0.22-pg 
membrane Klter or by autoclaving. Examples of nutrient media 
that are known to produce high-quality algae are presented in 
Table X2.1 and Table X2.2. Other media may be used if data 
are available to show that daphnids-fed algae grown on this 
media consistently meet the criteria for acceptable reproduc- 
tion over several generations. 
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TABLE X2.1 ModlHed Bold Basal pH 6.6 (Modlfled Brlstol 

Solullon) (70) 


N m  1-Thc specified volumes of eleven stock solution (six macro-
nueicnt solution, tkcsminllr con?;tiNent solutions, and two micronutrient 
solutions) 900.d. high.quality distilled or deionized water 
and diluted to 1 L. 

MaomnuM.n1s (uae 10 mL d each): 
NmOi 

CaCk?H,O 

MpSOa7kO 

KnHPO, 

KHzPOL 

NaCi 

EDTA (use 1 mL): 
EDTA 
KOH 

Inn (use I mL1: 
FsS0,.7H10 
H.8O,(concentrated) 

mmn (use 1 mL): 
H,BO. 

Mfimlluln'enta(use 1 mu: 
ZnSoc7Hn0 

MnCI,.H.O 

MOO. 

CUSO,.~H.O 

Co(N%k.BHeO 


Mlcnnvrdenm (use 1 mL): 
MCI. 
N%SeO, 
snci, 
KI 
vOSOI.PH~O 

25 OIL 
2.5 & 
7.5 glL 

7.5 gi 
17.5 glL
2.5 gi 

50 @L 
31 gR 

4.98 glL 
1.0 mLIL 

11.42 g/L 

8.82 g/L 
1.44 glL 
0.71 WL 
1.57 W l  
0.49 glL 

0.0015 gi 
0 . m  gi 
o.oo1 gi 
0.003 @L 
0.002 g(L 

TABLE X2.2 Algal Nutrlent Medla 

N m  1-Far either medium, pnpa two smdr solutions and use 1 mL 
of tach stock solution per l ia of medium. The above media are examples 
of media that are lmown to pmvidc adequate algal growlh. Other media 
may be subs r i~ tedifUlcy are shown to be suitable. 

Woods Hds MBL (71). ASM-1 (72). 
. . solumn solution 

MeNMvr,le"t6: 
CaCIx2H,0 38.78 29.41 
MgSO,.IH,O 38.07 49.3 
MgCIv8Hn0 ... 40.67 . 

NaHCO, 12.5 ... 

I(1HPO. 8.71 17.41 

NaNOs 88.01 170.0 

N%SIOslo..DH.O 28.42 ... 


rnmnWIBn1~ 
N%EDTA 4.36 7.44 
~ e a ~ e n , o  3.15 1.081 
cuso,.sH*o 0.01 0.MX)laE 
CoSO..eH,O 0.01 0.018 
ZnSO.JH.0 0.022 0.920 
MnClz4H,0 0.18 1.384 
N~M00c2Hz0 0.008 0.010 
HsBOs 1.O 2.47 

X2.3.4 The vitamin solution should con ta in  the following 
(54): 

mglL
sidn 5 
miamlne 100 
~yddoxins loo 
Pyrlaouunlne 3 
CalElum pentothenate 250 
0.. 1 
Nkminlc Bold M 

Nlcminamide 

Folio s i a  

Ribotlavln 

lnwltd 


refrigerator for at least 3 years or port ions c a n  be frozen. 
mi l l i l i ae  of this v i t amin  solution should be added to each 
of nutrient medium after the medium is sterilized. 

X2.3.6 When a sterilenutrient medium with vi 

When the maximum cell density is 
remain  fairly constant, but the indivi 

time it to 
nutrient me 

usually ab 

the partial replacement technique. 
X2:3:7.1 Static cu l~resare usually main 

connected to a reservoir of sterilemedium. With this tee 
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http:N%SIOslo..DH


i 

green algae and diatoms can be drawn off several times a week 
and fresh medium can be gravity fed into the culture vessel. 
However, partial replacement cultures are more likely to 

. . become contaminated than are static cultures. 
n.3.8 H&csting of the green algae and diatoms can be 

accomplished by centrifugation, filtration, or by settling over- 
night in a refrigerator. It is not necessary to remove all the 

? .medium, hut only to concentrate the green algae and diatoms 
; . s o  that the sddition of medium to daphnid cultures and test 

solutions is minimal. Either dry weight or actual cell counts, or 
will be used to identify the concentration of the harvested 

!'.; " , 
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